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.I
INTRODUCTION TO TESTING

ro rr{osE engag€d in the production, distribution, and consum!_

tion of textil;,;sting ian b€ a valuable aid Provided that the

instrum€nts and tech;iques are us€d etrectively. When testB are

made the results mu3t b; studied car€fully so that th. dght course

of action may be talen. Testing instrumenB cannot malc deosrons,

and in thc.nd some person has to intcrPret the data and issuc thc
.ecessaw instnictions for future action, T€sting is, thcreforq a

means to an end and not an errd in its€lf. l'he fact that a material
ha! been tested, no matter how accumtely, does not enhancc its

technical quality.
Because_testing has !o br Paid for, it is cssential that thc p€rsons

carrying out the.it*s arc co;petcnt and technically qualificd. Good

ad,iie io anvone who is consideting rhe provision of a mill testing

labcralory is io €ngage a first-c.lass tcxdle tcchnologist. The man in
charqe of a mitl iesiing laboralory must be part scienGt. Part
statis--tician, part technologisl, and Parr diplomar. His technic'2l

abilnv wili enable him to direct the various testing schemes and to

keep'abreast of new developments in procesing, telting inslru'
meits, and tcchniques, Diplomacy wiJl be required whcn hc ha5 to

'put over'his findings to his colleagu€s both at manag€ment level

and on the mill flooi. Thb panicular qualirv of the technotogist is

exoeciallv valuable when t'he resulis are unfavourable or when.
p.it up".ir'.y hishlishr somebody\ misrake' Thi varieiy of teitite instrumens available is large Many of'
thcm arc simple in principle and have been used in thc textile
industry forziong tirne. Some important instruments arc relatively
new, ai also are commercial models of equiPment devcloped in
r€search laboratori€s. Electronic cvenness teste6 and iiltruircnts
based on air flow principles are typical examPl* of th€ latttr'.The
choice of instruments and the testing techniques employed will be

qoverned largely by the informat;on required as well as by how

iccrrut. u"a'a.iuitid rhar inturmat;on has io be. In a later chapter

it will be shown that aPParently contradictory results may be

oblaincd by testing a Partiiular propcrty of a material on difrercnt
tvoes of t€stins machine.'it 

has been"said that the subiect of textilc tesling can bc covcrcd
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_by_ 
arxwering rhc 'W, qu€stions : Why do wc te5t ? What do we te3t ?

when do we test ? Who does thc lcst? Thc remaining part of this
introductory chapter witt deal briefty with the n^t o""*ii"" _wi"
do wc tesr? It i!_dimcult to daslify the rcasons for Lting Uccarxl
o, ovcrtapping.. Ncvcrthclc.s, some form of classification i; hclp in
getting a broad vicw of rhc subjcct.

tHE OTIECTIVES OF TESTTNO
RcscucA
Thc road along which the rcscarch workcr travels is charactcri:cd
b) cics-road!, forl-road!, bridgcr, and cuL_dc-rac At .ah "trr.therc ir a choicc oidirection. Thc r.!ult! of rcsring in rcrcarch *ilihclp.thc lcicntist to decide which routc ro foilow Dcr.t. WhaiapFal! to bc lound theory is oflen disprovcd by expcriment, anJ
othcr line! of rEasoning mujt thcn bc pursued.

S.td,tion oJ ruu nataialt
'Raw.nrateriab' is a relativc tcrm; thc raw matcrial ofthc spinDcr i!
thc tibrcr rhc.raw rdsteria.l of thc weaver is yam, and that of thc
Dnl3ncr a cloth. Onc attribute cornrtron to m6t rcxtilc raw Datcrials
is ticir rariation in quatity. Fibrer vary in le"Cth, A";., iJ d;
Irc$; yarru vary ro count, strengrh, aird twist i fabrics varv in thrcads
p€r inch, ftedom from faults, and lhrinLagc, Sincc ortvcntion ir
bcltcr tian cure it i! lound policy to icat thc ;vaihble iaw mataiah
to erlsurc rhc smooth runiring of production proccsser. Unsuitable,l*Td?t -t _E rcjectcd o, pcrhaps pur to anorhei- use, Thc stan-dard! Dy wtuch raw materials ar€ acclptd or rcjected mult b€
rcalistic, othcrwilc much will bc rejccted which i" fr", 

-i"-g";
enough, or etse Iarge amounrs of infcrior material wil find ik;av
mto ttlc flow ofproduction and caui€ troublc

.Thc tcsrinS of fibrc! is gtncraly not so imponant when dcaling
wrth Ean-rrade 6brB aDd man-madc cotrtinuous fitament vami
bccausc. they arc supptied to cusromcrs *qri*-.""-l"i',r,Ji
propcrtica, includinS lengrh, colour, and fincness arc determincd
and controllcd during rheir manufacturc,

Whcn proccasing goea out of control lhc amout of wastc and thc
numacr of sccondr incr.asc, cost3 Bo up, and v..y oft n t._p.." t_.tt€hcr cnd-brcakagd in spinoing a"a *i"ai"! d.pa.t nenE ana
exc.ssive toom stops duc to warp or weft brcalg ifeci tt. "*.rti"oa! wctl a! production. A plan ofproduction requires cenain itandard
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lcvels to which materials in Process must conform Sincc it i5 im-
oossible to mainrain a chosen standard absolutely, limiB on either

lide of rhe standard level are calculated and material! whose

iharacterisrics fal unhin these limits are allow€d to Pa$ forward to

the nrxt Drocess. tn a spinning mill the most common charactrristic

- -.".rr.,i is the seiehiper unit lensth ofrhe laP, sliver, roving, or

varn. Thc nominal hanlor count is decidcd uPon and control limits

lre calc,rlarcd from rest resulu. In briet a'qualily 
'ontrol'schemc

is operated.
For maximum effectiveness dre'process conrrol' tcst should b€

clos€ to the proce*sing machinery. quick answcB ar€ rcquired to

o..u.nt 
"*.."iiu. 

.-ornts of faulty material from getting through

Lefore d.tecrion. Furrher cons;derat;on of proccss control techrriques

. wih be given in a later chaPter.

Prucs: dadoonat
Proces devllopment may be considrred as a form of applied rc-

scarch. The eioerimental work involved may be carried out in
research institutes, in pilot Plants within the boundaries ofthe mill,
or DerhaDs on the actual processins machinery' In each case investi_

o"t'ions i'nto better. cheaper, and quicker methods of maniPulating
iu... u"a uut* "t. 

*ade. The succcss achie"ed is often measur'd
hv the imo'rovemcnt in one or more characteristics of lhe material

alti,.red lfrer chanee in machine design or setting The effects of
hlendins ditrcrenr miterials mav be the aim ofthe experiment Most

trials of-thiJ narure requ;re the testing ofthe malerial Produced and

ir is imponanr to bc quire clear which properties are to be measured

to avoid unnecessary waste of tjme and money'

Prcdud tcsting
rf -. couldie absol,telv certain thal our choice of raw matcrials
wai risht and that our svsem ofprocess control had maintained the

stioula'red standard leveL, thcn we could pack th€ end-producl3 inro

caies with confidence, know;ng lhat they would ful6l their inrrnded-

n,,rnoses satisl,cloril! l\{iU minaeers would sleeP be(er at nighl if
ir,i.'oio. ar.uln *... u reatirv Unfortunatelv our knowledge ofthe
.rf..i tt trt. many vdriables poe5ible in the structure of yarns and

fabrics, includingihe effects oiphlsical and chemical tr€atments, is

fimitei. The moie we 6nd out, th€ mor€ \!'e learn how much there

is still to discovrr. The tesdnE of the product helF's in rhc continual

search for new knowltdge. S"*.tio""-a forecast of thc probable

;;;i;;;".; t" " s,b".qie,,t p,o..s is'required' A vcry old quis-

iion of tni. type is'How weli will this yam weave?'Wc are still
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Iooking for a simple tesr which will give us an answcr near enough
to the truth-

The performance of a 6nish.d article in acrual service could be
the obj€ct of a product test. One thorny probtem is the assessment
ofthe reshtance of a fabric to the 'wear and tear,ofev€ryday use.
We could try to imitate rhe kind of treatmenr meted out io the
fabric, rubbing it against abrasives, wetting it and drying it, bend-
ing it, srctching it, creasing it, and so on. Such a test woild indecd
be complicated, and as someone once said, .Imitative tesrj are a
snare and ad€lusion! Alternativety. wc mighr subject the mareriat
to a series oflaboratory tesrs, each of which tesrs only one property
at a time.

Sl.cilration kns
There has been a growing demand in recent years for the production
of textile3 to Eleet specifications. Advantagei claimed foi the use of
specjfcatioru include the prevent;on of deteriorarion in quality by
manulacturers u3ing inferior raw marerials, the production ofsoods
of known performance, and rhe opporruniry foi u -unrfuir"i". to
produc€ exacrly what is required by the customer. The third advan_
tagc assumes of course that the customer reallv knows what he
wants and can frame a specincat;on in the riqhr wav. Unfor(unatelv
the customer cannot always explain wha! he wants in precise re.ms.
This leads to vague speci6caririrrs capable of morJ thin one inter-
pretation and thr finiihcd. product may.bf unsuirabte for rhe
intcnded purpose.

Nwertheless, specifications aru framed and th€ materials are
lubje( red to tesLs to prole wherhcr thry fatl u.irhin the limirs allourd
in the speci6cation.

Onc iyp€ of specification is a smalt sample of materiat accom_
panied with a request to reprodu.-e rhis for rrlf please,. Here aeain.
suitablc analysis rechniques and i€rring arc r;q;ired plus rhe 

-need

to 
^bc 

aware of the inadequate sizc of thc sampie.
Sweral papen dealing with the problcmr assogiated wnh speci6-

cations are givcl in rhe refercnces at the end ofthis chapter.'

'rrstro quer-trv' scxavts
Another spherc in which tesdng plaF an imponant Dar! h in rhe
operation of a 'Tested Quatiry' scheme. Thi maieriih rested are
usually in thc finishcd srate, perhaF in rhc form of fabric, but also
in the mad€-up starcjusr as rhe evenrual customer buys thcm.
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The end-product i' of "ourse 
the resuh ^f all rhe (are' or lark of

--- "f,f.l'has 
been grren to rhe 'hoice of raw materials the

1".1,'.*'j.". 
',r,r. "n-.u'j' 

ana Lr'e '"king 
up' The quesrion nor rs

ll;:;:; ih. ;"i.h.d """krc 
silr sar;nv rhe (usromer's requirem"nr'

both in serviceabilitv and in pr ice'*l' 
;;;;; ;i .""";sations h"ve Le'n rormed rnhich test the

,"il#;;.i'",.,r"; Somc ocrhc"' orqan;s'rions are independrnt

[^.ir" lJ" *.* "* 
(ess on mar'rials submitted bv manufacturen

]II i':;'J;;;il'";;;;;.ks and arrow rhe manuracturers to indi'ate

l'iiriii,li.i''ii^i ,t'. soods have been tesred and found sati"fat tory'
'"';i;:.:.;;.;.;erared bv r'rse ron'erns whose obiecr;te is

'"Y:iIi;.';:;;;;i;i'.ii" "*ir"' ^"a't' cusromcr to 6ain th'

[i:[:H, ri':l':',r.';u.:i;1,:tl[:,i$:.tH:il"':l:
.ffi;-*::;i.I;:,..;'r"'a g;'*''* -' rdated to their end-

l.lll"---" *',-.'r* are rcsred ror'colour fa\rness ro sca water and

Hiil:;.:::;;. dJ;"J"iii,r.*."tt' "* te'r'd tor shrinkaee in

i".i,i'l'*"r.;,*" ilinimum p*rorm'n'" standards have be(n set

"" ".i,r,. r"r'1" * r'bric is reie(red ;fthe test resul(s fall helo'r

ii..i"-r"'i-. ri. Courraulds Tesred-qLralir) Mark is (ho\n in

Figure I I.

Fien 1 1 'Codtad& n:t'd'Quali0' Mdtk

Some bodies te"r parricutar a'Pr'B ofrhe matcrials One exampl"

o ii'"''ern.'i"," ri,"nute or Laund'ring' who issuc (heir- own

:".iih.i t'i'"*'"tr. s"al'to goods which liundrr to their srandards

ti.;;;;;; ;;..*menlded ro st'dv a paPer rc-ad bv-B"sr-

*,.iil;.:'i-h.;," at the Annual conrerenrc or the Textire

Prin, of lextile -2
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lnstitute in 1957. Th€ aurhors revicw the various typ€s of organisa-
tion mentioned above and describc Courtautd" f.riJa-qrrAiiy Uun
in detail.

An interesting devclopment is the inrroducdon olthe trade mark
'Lster .\nalyzed, tigurc t.2. \hj(h siqnifics rhar rhe varns beinsyrld hare lren manrrfarrured unucr an efficienr quatiry_conrroi
slstr m bascd on thc Zellucgcr 'Uster' ranse ot resrine equioment
(se< L\kr:\'tur Bulktin, No. B (Augu"r t9661). Anorhei tradJ mark
is shorvn in Figure 1.3; this is the Wool Mark, which guaraltees
rhar rl,e goods dre made liom, and possesr lhe desirabte-aitributes

F;ew. 1.2. nu'Urt t' baL nott
(3t aqk, of QauF ud,)

Figw. 1.3. Tb hrorl Mdk
lDt @ut, rl th. tnt4el;dot tt@] &dlqid)

. Recently, organnarions whi(h purport to represfnr rhe .housewife,
have begun to rest all kinds of'arr;cles including tcx(iles, so thar
different oakers' goods can be either rccomm""a."a a" " 

.gooa U"y,
or. rejecrcd. One may become a oncmber by subscriptioi and re_
ce,vc r.gxtar reporr3 on rhe arriclE test.d. Onc such organisation
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is described bv Roberts in an articlc 'How "Which" Works'(7t:t'

I,,L'l. Ind., p. 13 (Julv 1963)) , .-:^d ro ans$cr thc qucstion
ln the oreceding sections rle havc lrre

;;;';;1,; ;;" i.,,ires? It is not a comnr.tc aruwer, rxcitins

,""son. s,-rch as t€sting for the detectpn ofcriminals in Policc tLork

;J;';;,;;;t**;d, but it is evident rhat somr rorm or tesrins

i,to,i*i ^ 
*.,r ""e 

ormanuracturc so tha:il"i":'ff1#ii:
will prove satisfactory to the buyer' s-ru

i.l'"i".." 
'.i-,r,'. 

manufacturer' and will subs€quenrlv lcad to

repeat ordcrs and continued ProsP€nly -ve becn decided upon and
Finallv. afrer all lhc teting schtmes na

'.*ir rJl,.Ji' *.v' rt must;ol bc forgotrrn that thc onc who cvcn-

Hii;i;;';. "'1.ri,,. 
o' p'o"o ""f*::1i:'fi* ii*Ji'.:l;

technologisr. Without hb skill and expcrr

lor€ much of its meaning

[URTHER READIfG

-.^r^!. x. 
^'Th' 

fs(tiod ot' La_d'!'loPm€nt Orgdierion in rh' Tdtil'

:iiifiiJyi:i{iTfi ';Hlif',lr;xu,"r#rn'rii}:}l
1.'f.n- !st. tl,Plll \1951) - . . Th.n valu., Fom. ed Contcor.'

rJrrr*s. c r"Tarile N&t'riaE SPsih(atoB'

i*ilu*;*i****umr*::,-:,*
,"3;#l'"1iff\e',,, c"ntror in th; cotron I'd*ilv ' 1 r"'' Itut' ll'P1tz

".tl3lL'".. ^. ". t"" 
tFcin€tio* in R'rati@ ro con'und Rcquiffima''

".I;':H;l"i];.'i't:;:*?t* 
srqincario in rd'iird and G'rn'n'!s '

-##r*:ffii;*l:rq*ll,.,+s#,iF:::
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THE ELEMENTS OF STATISTICS
rN.a modem sociery, sratisrics are daily fung at rhe head oftheordjnary citizen through the media ofnewspap.rs, radio, relevi"ion_
3T, 

rre rlle: uoy:rpents.. adverrisers, and foorbaI poolr promorers
oacx up rherr Il.lrc,es, producrs, and saccerses by .rh; fisu;es, whi.hprcsumably pro! F something or orher. Over rhe years tic subjecr ofstatrstrcs has rendcd lo ger a bad name amonqsr ordinarv oeonleano rne phrasr 'you can prove anything wirh ngu,es. is.nor rin_common. lhe misuse ofstatisri.s is not our concern in Lhis (haore.l
i:l:io_.":,*'l:,,r.l; rhe way in which rhe u,. .a"i;i1,.;;:;;'h.;
rn rne sphere ot rextile testino.

Most tesrs on rFxrile mareriats give resulrs in rhe form ofnumhcK
e_9. the count.o[ a.]ed of yarn may be given u, .lO, .o,r"n. ,na isstreng(h as 60]b. There are some subjecr-ive te.!" i. ,, hi.h ; r;;;;;:
car result ls drticuk (o produce, e.g. one clolh may bejudeed sofrerin handle-rhan anorher. Usualty aieries of rel, i. rn"d". .,' ;*,;;or.rndrvrduar ,rems and rhe rrsults from each tesr r"coraej,,i
sublequently anatysed by suirabte merhods Th. ,r". .i;;;;;l
mcrnoos enabl€s us lo exrract the maximum amounr of informarion
ab-out th€ tested material from the available d",; ;;; ,;;;;,htinformation forsu.h purposes as qualiry conrrot. milt inr .(,io",i--.
and,research. Wirhoutanunde^tandiDgof (h..i._."",ir;;;i;;;i
melhods..th€ study of tcsting merhods and ;""trr^.n," t..o-.,rather po'nrlcss sjnce (he instruments used are means ro on.nd ondare not ends in ihemselves.

The subject ofstatistics is wide indeed and it is clearlv inadvisabte
to attempt to cover roo much ground in one chapter. Theretore ri"
a'm ol thc tblowing scctions is to introduce thr riad., ro rhe "na.,-rlang prrncrptcs and to jlustrale rhem by examples drawn from rhefield of iexiiles. Several books on the. ;bject 'ar€ .;&rrei-;;''ani
Iisted. at rhc end of lhe chaprer, unjtf," ie.i"w 

"tua.nr 
i, ,..o__mcnded to rcad th.m.

The manufa{rure oflcxrites is Iargety a system ofmass broducrion:a sprnruntmrlr wl producc thousands ofrine bobtins iverv aav- aweavrng rtuU will wcavr.hundreds of yards oa fdU.i.. f. t."L .r,,e.VItem woutd b€ imposs;ble. Funhermore, mnny tests are destrucliv;
rn charactcr and thjs in irself limits rhr amounr oftesring. We there-

B
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fore test ra,nrl6. The $hole bulk ofthe marerial availablc for testing

:" ,.'-".1 lhe habrtation. 
^.d 

Lhe tan\k E a relativety small numb€r

llri:ii;:;i;:;;;; *r,i"r, i" *i"i'a - "pii:'T*'lX."IJ::i''*
If everv individual memb€r oi thc PoPU

;oi;i.'i;.,;;;' t*tins just on€ item The chdraclerisrics rhus

-."ri*a'ra."ra t.,f,"t ofihi popularion Unfortunatelv in textiles'

ffi "ti", i"a"',.i.., 'ne 
<if ou' majoi pr"blems is that of 

'alia'ion'
iiii.' 1" ii.,^.. ure or cotron r"ry in I .:i,"ill f::l';i:..:,
bins from the same frame'"'v 'l'L'111*"," and freedom from
woven on the same loom varY rn aPPe:

iu,i*l Ii i.ir."- ,t,,, i" order to s"t an answer uhich represents the

;;i"ii-. a sample must consist of a numbe r or individuah (An

i^[ii,i "' """ *;^a:' .r.rh: ryel''(l:l;)*ake up a sampreshourd'l.1" _"rh6'l "fsele(tinq 
the indtvrduals

"*iT [:'i'""l,Ia,,',;ei. i"ii'i"a i"'+' sampre everv indivi'

r"^r r''L''^'"1'iionhas an €qualchanceofbeinq'elecred By this

::"jJ'ti';''il"i;;'i;''ii-;"i' a'' in the sampr' For in*ance'

ii',1-,,.*'"i ,.* 
" 

oai\ cD or cor ton to d'rermine ;ts l'nsr h charac-

^--:".:.. --- -.,h^.1 ^lhlrre selecrron unich lavoured rhe choicc of

liiffi.i.itl'fiff'p'"i"" " 'p'i-;"i" 'esurr 
since the sam?re

X;Jt il i,,r*,r:;'samprilq tejl:.J5:,"3:,1*:#:r:$::
f".ms of textiles rvill be d;scussed rn gr'a!
and thus, for our present purposes, rve will assurire that the samples

lli.i'i'*il.ir,. i.ui;in'g se''tionr a'e in ract random samples'

FREOUENCY DISTRIBUTIO!S

"..^^^"-,"" ",.";;;.-,-"i. ';"* r'^*t i' ueing tested to deter-

iH::[ :fi J#i ;]iil,' l"'iii'*'u"t the-count variarion

lno hnhhinr have been c;osen at random and from

Hl1',i"1',lltirf ii-i. i^r.' ""a 
w'iohed ac*raterv undcr

illilii *,*e t;irg..:'{h''""1# t}:*:l1t:qrh:Tl
bobbin. Thus lhe available data are- I

shows one possible method ol recordrng the 
'esutts 

By adding all

iill"'"Ji.'.-.,r,.. and dividing bv loo the aithn'ti 'n'aa 
s

"ili".a. mi.-i" "*"uv 
ca)led the aurrage'

L.t .tt, ,!, €tc , be the individual values'

,' U" tt't tota't oumU"r oI obscrvati'ons' and -

' ; (: bar), bc thc arithmeiic mcan'

Thcn .rr+,i+ t'+ +,'
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I

3

:
97

.98
99

lm

72.+
66.j
74.4
,:

70.7
68.2
7+.A
7t.t

? 127.2
71.27

_.Inrhe cxamplc givcn in Table 2.1 thc averagc count is 71.27s.
Thir is ureful informarion, but ir docr not indicai thc variabititv oi
!h: yarn count, and it is difficult ro digest IOO individual results.
lrycnecd sornc m€tlrod ofcomprcssr'ng all the obscrvations inro somefilsrly und€rltod form $,irhout losing too muCh of rhc oricinal
rnlorBation. Thc first srep is ro classify rhc obscrvations into sr;uD6
or class€. and (o draw up a rable !ho- ing how many times valut
occur in each group, The rung of thc I OO-uot"o, i... il. ain ..n..
bctwccn rlle hjghest and the lowest values, is dividcd into sub-
rang6 c Ded clats int.raals. The class Jtequul, is then thc number of
va-lucs which occur in a class intcruat

Tabte 2.2 shows the meihod used. A marl is made on rhe aDDro_
pnatc lrne lor e:rch tcr value. For example, a mark u.ill L:e mad'e in
thc clasr 7l-72 for rhc vatue 72.4 bi;.e ?2.4 is lcss than 72.5).
srmrlarly, lhc mark for thc value 70.7 wiu bc recoided in the ?l_7i
class becausc 70.7 is mor€ than 70.5. It wjll U..or...;"t.i.,f,"..1
fore, that the lim;rj of the classes are rcaly 58.jj60.4, 6o.i;i.i,
and so on. Ir is usefirt to group rhc marks in fi"* f.. 

"*i;. ";;";;;:'I-his.rypc oftable 'B renned a rt.qrtnc, dbhibution, i.e. it slo.,s rhi
drstribution of rhc tlas! frcqucncics over the range of values. One
leature o[ rhc disrributisn showrt in Tablc 2.2 ithat most of the
valucs congrcgatc around a central valuc, a fcaturc which is shoB.n
by mo6t_diltributiorB. Evcn in tabul; form thc frequcncy aistriUu-
tion.indicatca thc variation of the charactcristic t;.g ;".".;*J.It will bc sc€n that thc avcragc ha3 bcen calculated aslolorvs:



TI{E ELETiE!'I'S OF S'ATISTTCS

Sum of (class frequency x mid'value of class interval)

Total number of values

'fdbL 2 2. Faq@t Dittitttion oIco!^t Tat t'ola

II

59-60
61 62
63 64
65-66
67-68
69-70
1t-72
13-74
15-16
17-14
?9 80
8r-€2

ll

lu
+!tr- I
+ttt +tti
+]-lt- l+r+
++r+ fl{+
-t]H+ +H+
-r-rt+ -H]+
lrll
lll
ll

I
l{+}
tl++
+H+
ll

ul
+l+| lll
I

2
0
3
6
ll
t8
23
t6
t2
4
3
2

ll90
0.0

t90.5
393.0
1!2-5

1251.0
16.14.5
l 176 0
906.0
310.0
2:18 5

163 0

713+.0
7 r'34

i'lfi ;^ffit ::: i:":::5":""1'il+l'i1l il.I$' rli::i:H::ll:i ;'lii:'ffi :i:

rbe average varuc so ol*'*q 1:',Tlfu":':ff'*:';l;;: r'l;
averagc value originallv determtneo'-i'"i',rij,,i. 

-."^ -.,r* r"ditrerlnce is due to the assumPrron T::-i;:;h.;;.. in fact rhere
p,.h class interval is equal to the mto_r'a

.ill be slieht differences These errors due to grouping ma\ be

).u,ti X;;i ir'' r'" "r accuracv due ro (omP'cssron or

information.

CRAPT'ICAL PRESENTATION OT DATA

Fr€quency distributions':". r'" t':Tl::9"I;il;:ffi iIt;T'1,',:';::
two of rhe more com m on being the J t?qutnuJ v"') 

1..:. i", if'. '^.Lfrf.Th,i.que'vr pobcon a c"n"'"i'"l llli" i. *"d for the rrequency.
m.a"ri.d is.ho"." and.th€ verucal scar"-*i.. 

-ralrar. .r,ri.The class frequency valu€s are Prorreo-.-':'uii;".. L f".- 
" 

pav-
ctass intervaL and the Pointsjorncd Dy sI

;fi +';;i:;, ;;;;;irt'a us a r'eq"'ncv iorvgon in Figure 2 r '
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yorn counr

ttis"t. 2-t_ l:tuqu 9 lobson oJ)n/n ca ht talu. in Tab!. 2J

Th. hittarrum. In a histo:lr am rhe clar:,_.,..si;..";;.;;; ;*i'l;:ilI;i[.;1,:,:];fl :.,":,::;1?:: ff:ij,s,,r.oass rnrer\zr dnd rs a,.a r.pr , ."rrs rhc , Iass ir.quenc" w1.".tne..rass rn(c,vals ir. equal rtrc sidrh, ofrhe,*,,"*t* 
"i...,liand ;r fotto\s, rh.ret"re, rhalt. 1""1,, .i if,. ,..,'".,JJ'" i, TJ

lli1i,',ignal ro rhe ct:s nequ.nii.s. Thi" 
";mpli6e; ;;,;;;;,t;or rhe hrsrogranr and so. in mo5r rases. equat ctass t;i;;;i;;;;employed.

'_q

I

Firw, 2.2. Il&rgian oJ)d .otit Mt@, ir Tdt,b 2.2
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Fisurc 2.2 shoi!ts thc corBtructiot of a histogram from thc data

in T;blc 2.2. Thc proccdurc ii somei,hat similar to that for thc
freoucncv oolvson tut inslcad of plotting Flinu, hdrizorul lino
arc' drawn' at' ihe corrcsponding frcqumcie, lhe lines crtrnding
.cioo tte li-iu of tbc ctasg iniewaE. For examplc, the class frc-
c,encv for thc 69-70 cla$s interval i5 I8. The horizontal line rxtcnd!
fio- Og'S to ?0 5. Thc sevcral horizontals are joincd as shovvn to

form thc histocram.
Botb thc friqucncy polygon and thc histogram tcll u3 thc sarltc

srory, but sinc; the iiitogram show the width ofthc groupr morc

.-learlv it b DerhaDs the more popular'
ni **ri"" *i". As thc numbcr of values bemme higher and

.h. .tiss i"teiah b.comc :mallcr, both thc frequenry polygon and

it. tirros*rn lake on lhc apP.arancc ofe smooth curvc which is

ixno*a i " luqur*l ,urar. T[i a.ea under the curv€ rePresent! th€

total numb;r oi inAividuals. Hence the area €nclosed by the curvc'

,f," fr"*.*A axis and any two ordinate, is direcdy Proportional
to the numbq oI individual values lying between thc limit! con-

,;a.i.d. Tt i. proPerty of th€ lrequency curve will be discussed in
oreater detail shortlv.' ltl ,1,..o 

".aohical 
forms are used to provide the ob'server wilh

inf..-ation "concernine (he disrribution of recorded values such as

i*i *'"ii". W. 
'"iff 

,"i, look at the shape ofsome tvPes ofdistribu-

Th, tnn.hiol or b.tt-lhated di'tibutian c tu'
Thisilpe ofdistribution curve, Figure 2 3, is svmmetrical about a

".nt "i'rutu.. 
Onr verv imporlant curve of this tyPe i5 lhc normal

d;sttibulion curve. Thi term 'normal' is uscd because so many

"^,*rif, *.r*i"* scts of dara produce this tyP€ of curvc' but it

-"', ".i u. .""r*.-a ,hat there is anything rabnormal' about results

\hich do not produce a normal (urv€ The mathemalician Gauss

JiJ -".f, *.Jf in lhis branch of mathcmatics and thc normal

ii.t.ib,tion is often referred to as thc Gaarsian ditibutitn'

Fw 2.3. S,,,t bi.at d U.f''La,,d lrytc2 dhhibdi.,. Tb dr" 6 G@i't''"''" lL;;i;;. ih, ;^.fut, 'ir iaq ai,aie
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Exampl€3 of tcxtilc tests which producc qormal or nesrly nonnal
dirtribution curv€s ar€ count t€sting and yam strength t6ting. Thc
Urter 3inglc thrcad *r.togt\ t-rl.r 3utomatically producB .4 frc-
qucrcy ditiribution dia8ram in a special frame on thc front panel
of thc irBtruhcnt (sec FiSurc 8.29, Chaptcr 8).

The nohob$ a2mnctial o tku disributbn atw
A! its tidc irtrplic!, thc shapc of this curvc is not iyrnmctrical about
a ccntral valuc; thc'harmp'may lic towardr thc Icft or right, a!
.hown in Fi$rc 2.{, Thc slcw it poiitivc or ncgativc. Ifthe longcr
tail ofthc curw li6 to thc right, i.c. towards thc highcr valucr 9f thc
vadablg thc sl(cwn€ls i! said to bc positivc. Figurr 5.1 shows thc
frcqucncy dfuEibutio! of cotton fibrc lcngth, a modcratcly asym-
mctricel disribution with a negativc slc*'rlcss.

Fttd. 2.1. Mnbd.l, .rffi}i.al d r*@dlEr"N, dil,.ib,li6

Somctimd thc dbrribution curvc rho}t! a high dcgrcc of asym-
mcry; an example i! givcrr in Fitulc 2.5 for the numbcr of warp
brcals pcr pi..cc lcngth of rrovta fabric which, in this casc, giva a
pocitivc slcw.

WorJ br.ot! p.r pi.<. lcngth +
Ftt-. 2.5. ,t t .en t jQpEt &:*ibttt' luid,dlt t ta/, ..a. wC b@rr pr pna

lautl an.6 6 .ld

t

.9

dz
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Thc binadal distibution cwoe

Whcre a distribution curve has t\4o modcs or 'humP6', a3 in Figurc

2.6. it is tcrmed bimodal. Such a distribution mav indicatc that thc

individual itcmr tcstcd or mearured havc comc from t\vo sourccs

vllor.-o-o..tles arc diff€rent. lf the bobbiru from two spinning

f..*.s'werc mixcd and tcsled for count, a bimodal distribution
would ,csult if thc count of onc framc wcre difeteot to the count

of thc orhcr.

Voriobl' *

Fisn 2.6. Din dal l'.q@q lsnibxbn

Othrr bh.r of dirtibtiion dru.s
rr'. .]"i..'ietv aivmmctrical or l-shapcd distribution and the U-

shaDed distribution arc two foms of distributiors which arc not
corimonlv found in textile testing. In lhe former thc class frequcncies

ere a ma;mum at one cnd ofthirange and a minimum at thc other'

In th€ lattcr therc b a maximum at each end of thc range and a

minimum in the middle, giving a U"shaPcd curyc' Discussion ol
rhcic spcciat typd will be found in thc standard textbooks on

statistics.

Conlinuo:lJ and dkconlinuour laiaht
In the distribution curves dis€ussed the horizontdl scale has t'ecn

craduated in tcrms of thc variablc beinS measured or tesled' e g

EUrc leneth and warp breals per piecc Iengrh Thc characteris(ic

*tri.tr u.lri.. ir tcrmcd thc'va;iatei. Fibre l.nBth is an examplc of
a 'continuous variatei i.c. it can bc any value within certain limits'
Thc numbcr of warp brcalr is an examplc of a 'discontinuour
variatc'sincc lhc numbcr can only bc onc, two, threcr and so on;

wc cannot havc a araction of a brca[.

*g
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AVERAGES AND OTHER METI{ODS O' LOCATION

Ttu arithncti nean ar auerage
Thk measure has already been m.nri^ned. Il has the advanraSes of
(l) be;ng simple ro undersrand, (2) bFing easy to cal.ulate, and (l)
using all the measurements. It is therefore the mosr popirlar method
of Iocating a distribution.

Cal.ulation of th. alithn ti n?an
We have seen earlier two methods ol calculating the averag€ (see
Tables 2.I and 2.2). Table 2.3 shows another method hhich saves
some arithmeti. latour-

rabb 2.3. Sintl'Itd Cattubtion of th. Alithn tu Mc@

Dah: 100 T6t rcaults uscd in Table 2.2

IG-^)

0
24

-36
-44_36

- 164

32
48
24
2+
20

148

Lt th. artit az tu6 A : 71.5

Th.n th. aithndn ruan i : A + ,ft, - 1)

: rr.a * /:!6\' \ r00/

=7ls-0.16
, - 1l.v

:12
t0

-8,6
t

d

f

lt
l8

23

l6
t2
4
3
2
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Step I. Draw up four coltrmns, as shown.
Stcp 2. Choose a class value which appears to be about thc avcrage

rnd call rhis the atbitnry n.an, A.
Step 3. Fill in the collimns with the required'information.
Step 4. Add all rhe minus quantities in colurnn 4.
Srcp 5. Add all the plus quantities in column 4.
Step 6. Calculate the correc.ion to the value ,4 by substituting in

rhe tormula
,JG _ A)

The Greek )etter sigma, X, means 'the sum of'.
S(ep 7. Add the coirection to thc arbitrary mean ,4, noting the

algebraic sign of the correction. This step produces the
atith etic n€a| or aaeruS., i

The reader \,,ill notice ihat the e.ro. due to grouping is still
present in this method

-fhe nedian is the middle value of a series of values arranged in
order of maghitude. The mcdian divides thc area under the
fiequency curve into two equal parts.

Exanple. Srppose fifteen threads have been tested for single thread
strength in g.ams and the values noted doun in order ofincreasing
!trength:

174 I78 180 l8l 184 186 186 187 189 l9l l9l
193 195 196 196

The m"d;an is the Bth value, lB7 grams.
Should there t e an even number ofvalu€s, then the mean ofthe t\Lo
middle !alues is taken :.

147 t 49 l5l I5l I52 t53 153 154 155 156

The median is the sum of the 5th and 6th values divided by 2, i,e.
r152. l5J) : 2 : )525grams.

As its name implies, the nodr is thc most 'fashionable' value in the
sense that;t is th€ value uhich occurc most often. More academic-
ally, the mode is the value of the variable corresponding to the
maximum frequency of the frequcncy curvc. We shall i:ome across
this t€rm'again wheri discussing the Shirley photoclectric modal
stapler, hn instrument used for rneasuring thc lcngth charactcrhtics
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Tlu rctatiouhit b.kla.n tfu n thodt of hcation

lfthc frmucncv curve is svmmetrical, FiguIc 2.3, it folloss that thc

mean, rh; median, and rhc modc will coincide, Where the curvc is

moderatcly asymmetrical, Figure 2.4, therc is an intcrcsting approxi'
mat. rclationship between thc threc values:

modc : mcan - 3(mean - median)

E anph, Let the rllcan bc 219 55 and lhc median be 2l9 38 Th€n

thc mode equals
219.55 - 3(219 55 - 219 38)

i.e.2l9'04.

Binodat ditributioa
Somctimes thc r€sulE of tcatl givc a distribution curve with more

than one hump, as in Figure 2.6. This often indical€s that rhe

individuals testa do not originate from the sam. source, e S mixed

batchcs ofyam from diffcre[t fram€s.

T'IE I'SASUREMENT OF DISPERSTON OR SCATI'ER

In ordcr to d€scribe rhe variability oi !h€ m.asured characteristic

of thc material tested, we can us€ scveral m€thods to indicate thc

disp€r.ion or scatter of thc values about rhe central valuc'

Tfu ranpc
Tht nisc 'tt simDlv thc difference berwecn the highcst and fie
lornest u"ulu"s. lt'has thc advantage of being easy to calculatc but
the disadvantase of using only lwo of the available values There is

an imoortant aiolication which we shall discuss later and it concerru

;" :;il;;;:,i;i; ;ean rangt from thc rirnges ora largc number

ofsmallsampler. It will be shown that tie mean range is relatcd ro

the orhcr important measures ofdispersion

Exunbt.. 'fwo s€ts of five warp way slrips of cloth arc tested for

strcngth and th€ rcsulu arc as follows:
Strcnorh of fabric A in ooundr

tlzo ttg tz+ ti2 tle: Range 124-l16; 8lb.
Strcngth of fabric B in PouDd!

tloa to6 t4o lr4 122: Rang€ l4Gt06;34Ib.
Both scE of rcsulu havc a mcan ltrcngth of 120 lb but clcarly thc-

rt .nglh "f f.bn. B apPca8 to bc 
-morc lzriablc than that of

fabric A.
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Mcaa rungl
"Ihc ruan run4., fi^, is tnc mcan of the ranges ofa nurnber ofsamplcs
cach ofsizc n individuals.

Ennpl.. The following shows thi method of calculating thc mcan
range from 6ve sets of four values:

24 2l lA 23 Range 6
16 23 17 20 Range 7
24 19 14 2l Range l0
14 L7 22 18 Range 8
2l ,fi 22 17 Rangc 5

36Total

Therefore, mean rangc, un, - 36 - 5 : 7'2.

Pcrc.nlage m.an raigc
Tbe !.rintag. zAdn rongc, P.M.R., ir thc mean range, lz', expressed
as a pcrccntagc of th. mean, i.

'r 
x 100

P.I/.R. : -- i
In our last.xample the mcan xras 19 55 aDd the mean langc

was 7.2, thereforc
' 7'2 x IOO

P.M,R.:-:36.8percent
19.55

Tht intd-qua i!. nng? ot quutitc daiation (Frgure 2.7)
This rather fearsome title is not as diffcult to'understand as it
sonr:ds. fuwlil.s dividc the area und.r the frequency curye into
quarters. A quarter of the population has valu€s above the z?ra
q'B!;h, Q-b and a quarter har values b€low the lrwer quartilc, Ql
;The intcr-quartilc rungc (see Figurc 2.7) is the ditrerencc between thc
'upper and thc loter quartile valucrlt will bc apprcciated that 50
per cent of rh€ population valucs will lie between th$c two quartilcs.

The readcr is referred to th€ section in Chaptcr 5 which deals with
the analysis ofthe comb sorter diagram for cotton. Hcrc wc usc the
iriterquartilc rangc and cxpres it as a pcrccntagc oI thc .t ctitt srarl.
lzrgri in ordcr to providc a measurc of thc disper:ion or variability
of tnc 6bIe lengtb.



PRINCIPLEI OF TEXTILE TESTING

50per.ent of the volu.s

'-- - e between upper ond

o.

lnter-quorl,le r.nge = Ar_ 0r

Fig@ 2.7. Tlu inb-qu iL /@e.

Tlu nzan dzoiation
This measure of dispersiofl uses every obserwd value in its calcula-
tion 4nd i5 thercfore a more accurate indication of vadation than
lhe rar]€e. The d.t)iat;ofl is the difference between each value and the
arithmetic mean. The sum of thc deviations, ignorirg the sign of the
difference, is calculated and divided by thc total numb€r of vatues
considered. Hence,

' mean deviation :
t

sum of the deviatioDs from the mean

total number of observarions

(Note that thc mean dcviation ha-s

measured.)
Using synbols,

i : arithmetic mean
, : obE€rvcd value
a : numbcr of otservations

the units of thc variablc being

zF-rl
Mean delration

lx -;l or'modulus r -- ;'means that thJsign of thc difference is
ignorcd.

Th, p.tc.nbgc tn ol d.viotirn
Thir ir thc mean dcviation exprtsed as a pcaccntagc ol th6 nlean.
A! luch it har no udt! but it do€! enable comparisorB to bc rnadc
bctwcen sample-r with differcnt mean values.
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Catcutotion oJ the n.an d.Diat;on (see aable 2.4)
Step l. Draw up two columns for the quantities t and l.t - il.
Step 2- Fill in the values of: in column l.
Slep 3. Sum the r values and oLtain the mean, i
Step 4. FiIl in column 2 with the quantities.L' - tl.
Step 5. Sum the values in coiumn 2.
Step 6. Divide the sum of column 2 by the number ofobsen'ations,

'l. 
This produces the mean deviation.

Step 7. Ifr€quir€d, the Peranlagc n an da);a!.ion is then obtained, i.e.
mean deviatiou

P.\{.D.: X IOO

Tabk 2.4. C.ldlatid of ttu M.@ D.liati!

Mca. dcviation :, l':'l :!! = ro

3.8 ! 100 : 15 2 p.r c.'rPcr.cntas. h.an d.vi.tion

TJ. tlandad d.oial;on
Thc most useful and ther':fo-re most widely u:ed measure of disper-
sim is thc slandad daiation. Every value ;s used in its calculation.
Although rhc arithmctic is a little morc laborious than lor thc m€an
dcviation, the use of thc standard d€viatior is preferred.

Prin, of Texlile -3

x -i

27
22
24
29
3l
2t

20
32
2l

,i: ,l :38
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D$nition. Titz s;. ard deviation i: the squar€ root ct-the mean of
the squarcs ofthe deviations ofthe obsenat;ons from their mean, i.e.

' t 2(, - *t,'
Sranda,d deviation o /l 'l

tr \ ,_r /
The svmbol o is the Greek letter sigma.

The standard deviation will have the same units as the variablc
being measured. By expressing thc standard deviation as a per-
centage of the mean u,e obtain tbe eocfrcienl oJ Mnation, C.\J. %,
ot v.

Coelllcient of va.iation, ,,-: 1 x IOO

t'atiancc and standard da;ation 
i

The variability of a set of results may be expressed by the aarianrc.
A formal definition ofwariance would be'The sum ofthe squares of
the dcviations of the obserwarions from their mean, divided bv the
total number of olxervatio.s'. Thus,

2(x-i)z
Variante.

In practice, rhe denominator used is a I insread of rr, rvhich
explains nhy ,1 - I appears in the lormula givetr for the srandard
deviation in a previc,us paragraph- Brou,nlee (Indurriat Expuinota-
1,,a (4th Edn.), p. 27, H.M.S.O.) gives the fo)louing explanarion
for this operation:

Io .al(ulatins J k - ;t' rc should b. .al.ulatins rhe sue of rhe
squa.es ofrhe deviadons from the ruc BeaD oI fic populaiior from \ hich
thc sample is drawn. We have only an Brinate oflhe mean, ihe m.an of
our sample, $hiqh will notin seneral be idcnri.al wnh .hc rue mean of
rhe $hole populatioo. T}je sum oflhe squarB ofth. dr\iatioDs from rhe
mean of fie edple w;U b. small( rhan ihe suin of thc squares of rhe
deviations from rhe ru€ m€an. To sft this, suppce $.e hale rwo obser-
vations I and 3, and rhat rhe rruc population mean is a.lually l. Thc
sum of rhe squares of the d€viations from rhc rrue nean is (l l)' -(3 - l)r : 4: workiDs from the uue mean {e would use a a' rhe dilisor
to get thc estioate of the variancc 64/2:2. The suE of.he squdes of
rhe d.viarioE fiom &e sdpl. hed is (2 - l)r + (3 - 2). : 2: it
w. usc , as thc divisor the csrimarc ofih. variaDce is 22 : l, u.hca
if we usc (i - l) a' thc divisor wc 8er 2 te - t) :2 a our esrimare of
thc valiance. I. i3 apparenr fiar the u. of (, - t) instcad of, a rhe
divisor hclpc to comperuarc for iL. @ of t}|c sar.pL .r6an iEr.ad of
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Thc numbcr (z - I ) ir laown a! thc d.gr.cs of frccdom of thc vadancc,
and ir uscd in maling t66 of si8dfirn@ in comparing on. vdiancc
wirh anothcr.

Variancc has thc useful Foperty of bcing additivc. This means
that if a nunber of factors each inlroduc! a certain amount of
variation i[to a product, thc total vadancc is the sum ofthe inde-
pcndent variancca, Usi$g the sFrbol or, i.c. thc standard dcviation
lquarcd, to reprdcnt variancc, this additivc propcrty may bc
indicatcd as follow!:
Let dTr be the total variance, and

or', a2', oaa .. . be varia[cca du€ to scParate caus€s.

Then, dat: drt + oja o3t*,..
T.tb 25. CoLul,tb^ o! tt St@ddA D.oiar@

I 2 3

(t)

G_D'
+2
39
45
47
38
39
{6
44
4t
37

+0.2
-2.8
+3.2 -

+52
-3.8
-2.4
+42
+2.2
-0.8
-4.8

0.04
7.U

10-24'
27M
14.14
7.8.t

i 7.64
484
0.6.{

23 0+

4r8
i:4t.4

I I3.60

,(r - i)r : 11360
' ,-l:10-1:9

I13 60Yrialc. : -6-: t2.62
o - Vldid<c

= ! 12.62

stddad ddi.tion _ :355tb
.100, 355 x !00

C@fici.Dt of v..iadotr * 
=- 

: 4ls-
=85pcrent
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One important Lse of rhis propcrry is found in rhe srudy of
irrcgularity in sliven, rovings, and yarrs (see Chapter 9). A further
point to note is that qua[tities derived from rhe t'ariance, e.g.
standa.d deviation, require squaring before they.can be treated
arithmetically (see examples given in significance res.s).

Calcuhtion of th. standard &tittion
Tatrlc 2.5 shows thc direct method of obtaining the itandard
deviation from a sct of tcn test resuh! of cloth srrengtli.
Step I. Prepare the three columns.
Step 2, Fill in column I.
Step 3. Sum column I and calculare rhe mean i.
Step 4. Fill in colurnn 2.
Step 5. Square the deviatioru in column 2 and fill in cotumn 3.
Step 6. Sum the Suared deviations.
Step 7. Calculate the variance, i.e. thesumof the squared deviations

divided by one less than the number ofvalues.
Step B. Take the square root of the variance to obtain rhe standard

deviation.
Step 9. If required, calculare the coefficient ofvariaiion.

It \1ill b€ noted rhat the deviarions and rheir squares l_rccomc
rather awklGrd to manipulate. A simplified method mav be used
instead, see Tablc 2.6.

Sinltifud cateuldt;ofl oJ thc rtandad d.viation
Step l. Prepare thc three columns.
Step 2. Fill in column l.
Step 3. Sum the values in column I and calculate rhe mean ...
Step 4. Choose a zzo origrn or a itrury n?an,{, in this examplc ro

the nearest wholc numbcr,42. )
Step 5. Fill in column 2 .ilirh thc values i - ,{, noting th€ signs.
Step 6. Squarc the de\.iations and fill in column 3.
Stcp 7. Sum column 2.
Step 8. Sum columo 3 and obtain the 'uncorrected sum of the

squar€s'.
Step 9. Calculate the correction by squaring rhe sum of column 2

and dividing by thc nwnber ofvalues a.
*wh@ a.alcularing machif,c i! arailabtc, rhc fotto$inE foroNta nrar.b. $..1:

I I tx, n;2 \
": 

- -|
{\,_,./
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Step 10. Subtract the corqctio[ from the uncorrected sum of the
squares. This produces thc 'coficcted sum of the squares'.

Srep I I. Calculate the variance.
Srep 12. Calculate the standard deviation.

Tabh 2.6, Si,$tif.d CatdLtbn of tlu Stodad Dtui'lbn

UncorEIed 3um of3quar6 = l14

r -2)r. coft.rion: f o'4

cor..i.d $m of.quac 
= 

iil.; 
o'

lt36vfinrc.:::-..-'=12.62

Srd ard d.viari@ : y'12.62
: 3.55Ib

Thi! simDliied method can be cxtcnded to data in thc form ofa

-ouoed fioucncv distribulion. To illustBtc tbi! thc data from
t"tf'. Z.Z.'i u*d.."a thc calculalion b shoun in Tablc 2 7' It is

left to thc rcadcr'to follow thc mcthod through for hifitsclf'

0
9
9

25
t6
9

l6
+
I

25

0

-3
+3
+5

-3
14
+2
-l
-5

42
39
45
47
38
39
{6
44
4t
37
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Tdbb 2.7. Colcrlati.a oJ Lh Stadold D.tidti.^ioL d Ctoukd Ft.q@".r DAa,ib,ti6

N.w orisin,t -- ? t.5

rhc.cforc, M.dr : 7l.s - ffi : rrr+

Uncor(cted sum of squE : t736

corft,ion: loo. =2.fi

Cofuectd sum oftquarG : 1736 - 2.56
: t733.+4

t733.41!arid@': --li6- : t7-3344

. 
sradard ddiadon 

= 
_/.,T..*"

(:o.l6cicnt ofvriiarl,n - 
{t6 x lm'

7t.31- - 5 8 pc. cat
.For Iarsc empLd, rh. ditr .ca& bctwc.' di!,tdins by !.nd by (, _ l) n rdatt.

I 2 3 J 6

f f(x - A) f(x - Af
59.5
6t.5
63.5
65.s
67.5
60's

71.5

73.5
75.5
77.5
79.5
31.5

2
0
3
6
ll
t8

23

l6
l2
+
3

-t2
-to
-8
-6
-4
-2

o

4
6
8

t0

-2+
0

-2+ .

-36
-44
-36

t*
t00
64

t6
4

0

4
t6
36
64

100

0
r92
2t6
t76
72

0

64
192
t44
t92
200

- let

{8
2+
2+
20

t00 t{a l7!,6

-16
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Th. con4a,non oI i,qtunq dnhibution'
i^ ir,. i*t r.**.ti"*'we have sffn how frequencv distributions

ran be located and how their tendency to sPread may D' assessco

numerically. For many practical PurPoses the data are useo Ior

:'"-#;, ..t.';;lri"'g tt'' miu"in'nslh of two varns or the

variabilitv in count ol two Yams'"Tffi;:'r;;;;;;.ee puin "rr"q"'*v distribution curves rhe

nn1'pai. (a) is a comparison of av-erages usinq as an examPle tne

,i;n i.ncc in (he mean strcn$h of two yarns spun with different

il;;;; il;;;'d pair [b) showsa ditrerence in rhe disPersion

"iir'. ..r"-".i" 
*grlar'and an irregular vam The averase count

for both varns is the same but rtre varraoiiity of the irregular yarn

ii'#i.,.ii';r-il; n.i,.. '"a more wideiv spread.di5tr;bution

Li,.. t. n*r poi. (c) PresenB a more complex problem in rhich

both means andlhe dispenions differ'

sl /XN si A"l #X*;u1#***''r- t AondB

(c)

"'-" " Wffi # timli W#,ffiivif^zi "#t#."iiit-,ii ti;i a.' u;^ 'ias* 
*c."iat: \'\ conptu tonq,i' oJ

rin;h"tiN. 'Roth tli$oti@! ad N@ dl

(o)

c
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TI{E NORMAL OR CAUSSIAI{ DISTRIBUTION CURVE

The remainder of rhis cl,aprcr is dev.red to rh. me(hods bv u h;.hcompar*ons ot avemges and dispersiors can te 
^aae. S;n.l uti J,l

ff1i,::...::^"j:9 -:l rhe proprr(ies ;f rhe n*-"r a;st,;u,ii.", ,,e

_p:T.iii;'J:itrfl ::lT1.-:H:',ff xxJ#_x1li.tiiixl
The rerm 'normal' is used in a iechnical sense 

""ri, "rt "tj.*"ii.*r,rhich do zot produce a .normal, curve mrrst not be considered asnecesarity 'aLnormal, resutu. In hh b"ok i_t; -i; ;;;,::
|,r"o3neV, 

poiaa our .rhat rhe E,sti.h .;,h.^;;;;J';: il:il:
{or r rench ongin) pubtirhrd his u ork on rhe normal curve ;, t irianq that (wo orher marhemali,irhs Causs and Laplace, b.rhderived similar conclusiorx independenrty. lt i" rr,e,*"i. "ihi,,."'nosever, \ahxh,s Ibund in rhe descriprion ofthe distriburion.

San prcpoti.' oJ !h. nornat dihibLtian tufl?
U) lt is ltlniutftal aL,,ut a central vatue.
(2) The-renlral ratue is rhe arirhmetic mean, the median, and themode: rhey coincide.
(3) The curv_€ ha!poinrs otinflecrion at distances ofplus and minusone standard deviarion from the mean.
(+) The percenlage ofrhe area under rhe curve is relared ro thr
- distances from rhe mean at which timits are chosen.

15) The normal cun.e is compterely defined by irs -.ar, ,na iasldndard deviarion.

Ta}.ing rhe lasr prnpcrh firsi, using theJ axis Ior the freorrnr"and the.t axis for rhe rariable, *. 
"q"r",.-. "i,r,".r;-.;;;i",i':;Figure 2.9 is

) : --_ expL- G - ,f lzo,lo\/l%y

u,herc o : rhe standard deviation,

. J, : the he;ghr ofthr curve at a point,r,
i : rhe mcan, and

cxp is lhc bas€ of Naprrian logarirhms.
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Fisu' 2 9' Tlu ndn'rl dktib'a n 'de

On the risht-hand side of the equation it will be noled that T is a

;;:;;il; il,atue ot7 d'pe"as o" d and i' rhe standard

d;;;;;--i il-";, re"pectiveli wc c"n therefore sav rhat the

:;;;'.;;;;.i" ;a.n".i' tv tiresc two q,antities 
^ln 

mathe-

-.,ilif-*!*. t^i" rould call r-hem thc 'paramclers' of the(urve'

tf *e use-o i a unit on the horizontal scale' the area unoer rne

*^"'t"i""." ""igiten 
Iirnib can be calculated in terms of the

:
7

3

-15.D MM.15D M.on +2S D.
(b)

-2!D

M'on +2\'u
{()

,'*,, - roffi,{#,ffi. w#il+#lm
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Ptoportinn.of thc roLal area. S;nce the area under lhr curve reores€nL\ireq,encies or numbers ofob,servarions, jt folto*. ii;;;;;; .;i:::
ll91t.-1..C.";"' of rhe observatio,s ,hi.h Ii. b.r";;;;;;";rmr$. ror rnshnce, 68 per cenr of lhe toral _., Ii.. b"t*";;-;h;
ifll..: -."1 1..t srandard deviaiion. and th.,rr.," 68 D;;.;;;o, tne ob.t.tuatio-ts lie berween these limi6 (see Fieure 2.loj-.
,An alernatrve approach is ro (ons;der the proporti6n of rheobsffvalions $hich lie rrbid? chosen Iimirs, ".g. :2 pe. c.rt,riff-iieourside rhe limis mean t I srandard a..:;utior,. it,i";;;;;;'i;useful when studying rhe chances of test *lr* Iyt.g .rlia. elr."tirnits. In the Cambids. Et.n?ntary Slatirti.at rar.i ,ri" C"i r,Bi. t

:h:.NoTol Distriburion Funcri;n. In rhis present .h.pi;,;T;;;2.8 has been derivcd rrom rhe Cambridge Tibl.. U"ld;;;i.;;;
rabl" 2-8ld). Ttu phpd@ of votq, Line ouL,id. Chold Linit tltI,totut Fqunt C@

N@nd oJ sr@d"d d.tutitu
to tlv l;aiLt @.h titt

P/otntid oI odt@ birt

\Fnn T.bt. t,'.tu t;,,.nl Di,hiA,;"" r" " 
.,ctsj'l

Tath 2.8(b). Th. Nomal Dnatutua Functian (,. Few. 2.r t)

Pto?ortioi oI Mtu, binr

0.0000
0.5244
I.0000
1.0364
I 9600
2.ffrc0
3.0000
3{902

I00.00
60.00
31 70
30 00
5.00
4.56
0.27
0.20

0.00
I.00
1.32
1.6.1

t.96
2.5A

\F@D T4tk ,,.7^. *o*t Dinib,t* r"*i , ciji

0.5000
0.84i 3
0.9066
0 9495
0.9750
0 99506
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tions. we see that about a third or onc in lhr'e valucs lic outsidc the

ffiil;; i t,, u,d thut about one in 20 lic ouside the limits

lffi !';;. o,iv'"u",t ir'*' in l,o0o lic o'rtlide ihe limits mean

Prcbabilitv
i'Lt"iiin, has a scale from nouqht to one A probabilitv ofone

i;il;;;';;',. certaintv, and nousht indicatcs absolutc im-

;;:.];;it,y. ;;;;;'irc,i,."."111 i::'.lld,:'. ![il'*1iH'f:
iepresenting a Probability ol uruty we ta

standard deviation to calculatr tne cnauce of a value lying imidc
'"?'""i.f a.-.f,"*" U-its For instance' a tcai r€sult har a onc'in-

,"i,."i] .i"'..- "i rti,e oursid€ thc i 20 limits Funher' it has a

::::i',i-#*.;^;;;;iiving ouaiderhc *2o rimit' on conccpts such

;I;J;;:rii;.;;;;i".t'i-o u" t""a "na 
w r bc discusscd rater'

rSDr
r.^6 th. meon

Fifrn 2.t t. Ttu @tu! ditttibutid Jstid !"-robk Lt!:');tTl';W *' " '"' ptoltti8 of 6t btal ot@ add M tuw t^" " -"

The examDles which follow illusirate how the foregoin! ideas

.#::.:fi:1;;i;.;-iil" u droPPed and s D used in iLs

place.

E:amrla l. Two hundred single thread.rests are made on a yarn to

""i.?#i,. 
i" r"..*,t'. The mean strcngth is 220 s and the standard

:H;;t.;il E;ildate: (a) the co€fficirnt orvariation; (b) the

;:;H';i";;."il; *hich had str'ngtk betwcen thc rimils mean
'I'ililsii'-i,ii Gl thc number ofspecimens which had str'nglhs

[l.w thc vJuc mcan - I 96 s D g'
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G)

Cocfrcient of variation

s.D.

OF TEXTILE iTE STI \ C

standard deviation
! 100 per cent

.30
x I00 per ccnt

220

: 13.6 per cent

\ b) From Table 2_g(a) wr nole that 95 pFr cent ot.r he roral numberol rcsul!s B.ill lip l,c(\Ten rhc limirs mrarr I 1.96 S.D. rbecauser.p€r 
^cenr. 

Iic ,u/,idp,..Thus, 9s per ..,, ,,t ZOo, I 
". 

lgdl'..iiliwrll lre betrleen rhe eiven linirs
k) In^Table-2.8(a) rhe'second cojumn refrrs 16 sfts p61..n,u,.propor(ron ot the values l\ ina ^,,,.ide Luth ,h. pl;, ;;.;.

T,l::,!ll" when r.e are cJnsider;nq *r,,",.,;fu;;;;;:
rne percenrage propor(ion $ il b€ ,ailrh; 6s;,. si,;,. il;;;1.
]cure corresJondins to rhe r.q6 S rl. t,"li-h i;;".;i:";;drvrdrng by 2 we ger 2.5 pcr rent. 2.5 per enr ot Zbu ; S. t.*iabour fi,ve ofthe resred singr" rhrcaai raa,,,**,l..iidii.j
or kss. In practice ir.is usua-ily rhis .tail,ofse"l 

,",r"r*,i,r iifrjwnrch grves rrouble in processing.

Exanph 2. Count-testson a cerrain varra sr:nq;ld a."i,,;o, .r i.dc. ili:i;i:, :;:' r',Tff ;f 
,;ii:,ill

results below rhe value 36.5ft
Step t. The_difference, 4 bet\feen the limit 36.5 arld rhe mean is39.84-36.50:3.3+.
Srep 2. Expressing the diffrrence in terms ofrhe standard deviation,- a 2.34

- 
: 1.64 aoDror

2.04

Slep 3. Consuling a No,mal Disrribution Function Table fseeTabte 
_2.8(b)), we nore rhat for a value of 1.6+ Sfi OOISiis rhr fracrion of the rorat area under the c;.-i;;"" #fd:

, :h:-tilt.Hence the fraction tying o,rrride b r _,O.rir;;;' 0.0505-
Step 4, Expresing 0.0505 asa.percentage, ra,e conctude rhar approxi_matery I per.cent ofthc count;esults wrre below 36..6os. 

-
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srandard dcoiation, m.an deui./tio ' 
n' tang'

+i:::'til;;#i;'tstics ortire normar distribution are rerat"d

'"'"' "ii.o. a"';,,ion : standard deviaiion ' 0 798

mean d€viation

Standard deviation :
0.798

F6r.onvenience' lio 79B is taken a5 5/4 or 1 25' Therefore'

'"' '-'t;;;;;"iation : mean deviation x l'25

p-tiJJ ,tt"t the samPles are random sarnolcs' th€ mean range

,,,-';i;;;;;;'.i.*"[ lamples' each ofz individuar"' can be used

lJ""ir. ".-*ii-^. 
.r 

'hc 
sta;dard deviarion'

\lean rance x a, : standard dcviadon

rh. r..,.. ,:;;p:;"d;i-it'l';' of the samPlc t"' 1'1".1?]:"+;:'.;r;";"' rn lll serve to illustrate rhe aboLe relatronsh'ps

h.tr\een the tirrce measures of di'person'

Eranprr I A yarn k res':d 
'b":T'-':-cr$1"3:t:i:,?lii;: l::mean clunt is 37 9s and the mean range

'JJ;',jiiTi,ii il;';; who'e count is 2 o'| more different rrom the

mean.

Tabb 2'9: Enino!! of Standdd D'tktim Jtot ttu Mtoa R&s'

0.8862
0 5904
0-4857
0.4299
0 3946
0.3698
0.3512
0.3367
0 3249
0.3152
0.3069

SteD I. From Table 2'9, a^ fot n : 4 tu 0 4857' Thdefore'

SD : mean rangc x 0 4857

: 3'13 x 0 4857
: t.52

2
3
4
5
6
1
8
9

l0
ll
't2
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Step 2. Express the differcnce,4 of2 counts in terms ofthe S.D.d2

= t.32 aiprox.' s.D. t.52

"*'::;idilli,[:.fi i?fi!,?".*,i.rili:],*]i:,fl i]1:corresponding ro t.32 S.D. i ,o.sooe,,;l 
i;:09ii.'i,,,h.traction lying aurnZ thc limit. Now this fracti". ii*.ruijlrhe limit on oa? side of rhe mear,rr,*c..iy,,g-.,i.,:i;:"1^TI.I,rTr.$:::i'il:

mean we have to double thc value.

,. rn our,example $e fraction ofthe values lying ouside rheimits wiU be

0.0934y2=0.1868
Step 4, Expressing the fraction as a oer

"pp-.;-i,.ry ie-i !".; ff Xi';:frii,X ;:i:H::Jcounts different from rhe ,nean count ot 37.9s

Exanplc 2. The mean ranse of the counryarn is 3..4. rour bobbi;;;; ;#;'#:XJ;.:jffi,t Bi.:ti1l:i
ll1.;y."4",4 qryr,ir. r r b) th.. 

"effi 
cieni or v*rJ,;",, Ii,i,..._.f,]oev,atuon; and (d) the percenrage mean a.";r;on,'i.f,t.b.,.. '...",,

G) Standard deviar;on : mean range \ 4tr
- J.4 \ 0.4957: 1.65

(b)

(d) P.M.D. : '""o dlittio" 
,

mean: 2.6 per ccnt

Coelllcient of variation :
standard deviation

1.65 l: 
- 

X 100
50

: 3.3 per cent
Mean deviation : standard de!,iation: 1.65 X 0.798

. : 1,316

x l0o

G) x 0.798

1.3t6
100 : 

- 
x loo

50
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.OPULA,rION VALfIES AND SAMPLE VALUES

Ea, rhr in,hi, chaPt.r ir N^",stal'd. rYrri'J.t;fl'11,i;hl,T',:
burk of rhc marriar ava;rabre ror'":lli^c"'i'.;:;;;,i. 

i"p,r"-
rclarirclv small fraction of rhat Populatro

iiji'i, nio;'i;,'-,, 
', 

do.s not exisr in h-cr' FoIJT:1";Jti:::ii
hobbins spun on on exPerimtnrar "'s 

",:li.i.i'..i.d*";,. 
rro*'

bobbins in e*istcnce sPun undcr rhe exPe\r'sh 
to esrimare rhe char-

rests on rhcse boLbins, ho$e!rr' we- may

^?Ji,lii'."'"r 
. l""J numbcr or *!''{:.il:l'"':$::, :}: "J'fi:

(ondilions r,ut in futl-scale P''dY'':' li';:';;; i.'i",*,;g",el.
.h\ 6n;h on the t€arinq str€ngrh ol a ra

li l,,"ii.', ,',i'i ;r; ', ' 
id r't ''i' "' thFn r'PreJent a h) Pothedcar

l,'"e amount of f:rbric. .rrionoronly a h)porh€rical
i{hether " 

e hare a l:'rgc factual PUpur:

*r,i"ii.,. ir,. *,*r'':'1' * T'd''i:d' ;:l':* ;Il]'rlitT:
i,rindividurl irems. Thc informanon gaLr

Ia'JiIi ,. ,i.... i"p,r",ion rhe handring or t[::illJ.lltJ::i^'i:
sur h facror s asihe ol'jert ofrhe resrs ano t.. -i^ 

.'rr..-."i,is rrl"t "drre s ish ro con6r m or disPto\ e rhat a char'5'h"'",1i..i"[ 
p.1r"p. t,.

has h.rd a rtrt cffcct "rr some lroperty '
.,."" rh or irs uniformitl, th'n se catrv 'ui r;e"#raT ? kJlr'on the

:"1:i:l..],:l +'';:;;;i,,iJ.' a;r.' "righ'i' accordinq to shether the

,"."r""'1i,,,.. , "l-"tI. hur rhe underlring principli h rhe same'fo:

i,,,,il'r,','r.r,1 modi6ta'ions to the (atculationc are necessarv \^'hen

;;:,'";; i.," rc compared sirh anorrrcr'
""i i",'J"a,,'n' "r"r:eciin testinq is rhr e'ti:i]':l;t"'""#::;::;
r"rltir of,l,F PoPularion from th' ''rurr' " ''ir-U"*... -r,;.r, ,t"
!hc sampre rF'ur'r $F (dn f(trmar' '':..'l.lii,,,,oj-.;;;;"r'.
nnoulrtion value Iill lie ThLs' lt!'r'ts n

li", . the aee' "c ^l ' "'trdcnre s nl n se Place in our e'im'te (an be

expresscd ;n tcrms of Probal'ilitl'

. i:;'J::: 1ll'111['^,"'r. .,-y:.Jl],i:.""JJ,:l[:;,il'*l;t
;niii'iauut', fr"- ' p''puldrun \h\ h-hau "'- *",."f.rfl"a. *.
distribution and ;n each ** l.n: ilil,, 

"r,h. 
*mpte means. sucn

.ourd rhcn makc a freq".":y d''lll*:1:';"ir;i,J".l,,",ra r,^. i,,
a 

'anblin| 
,):! ttibution $ ould be ol lhe no

osn srandard dctiarion A spc'rat. rrm i! used for -thk 
quanrrty:

ii.l'",,"i"Ja*r"tr'n of a iampling distriburion of the mean: s

.^11ed rhe standard enor oJ thc tnean'
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-A very;mporrant rela(ionshiD exisrs I*or the mean ind ,r,. .,,,i",i i.,:;l,l'"" 'lllfllJ[,1;.r,,. 
", '".

slandard d.\ iati.,n r)f rhe populari{)nStandard error olthe mean :

rTle n is rhe nemL.r ol-indiriduars;.,h.,".,;r:',
. ,l hrs relationship k a key fa.rnr in rhe $ark \hi.h [, .\15. for arullrxplanation ofthe rh.orv th. r.Jder is r"f"rrr.j t.,f,.lr"a"j,itextbool." but for an expl.nari^n ol the nerhods .,nd "-.;r;ll;;l ;s€nes ol examptes is gi*en rhrough ,,hi.h ,h" ,",d". ,;; ,.";;j'" "

Signifuano turiw ol neans

f:tr:,';,:{ ;,titr ::!,:,!TL:::,:." qun.!",,t o. m). on"

FI:,,"..,;1.:;f #;^m.ryir#**:?drq:r#rl:i:il
Slep l. C-alculare lhf standard err.or ofrhe mearr Lr using the sran-oaro deviation of rhe samntF ,.s.o..rtr,. p"n,r",ill a|Proximation or rhe

S.D. ofpoputatioh
S.E. -

\/,t
0.62

: 

- 

: 0.062' 
^/IOOStep 2. Calculate the difference betu een rhe nominal mean and rhesample mean and dir lde by the S.E.:

tnom,nal mean _ samPl. mcan I

standard erlor of the meari

134 _ 34.21

0.062

'* t 
ftT::fr:!;,rarue obtained rrom step 2

3.2 > 2.58
Conclusion. Thc diffcrence. in cDum is rtatistielb ienife,tt atI per ccnr level. Thc fr".. i" 

"pi""i;s 
.;d;;;t:.

$irh the Blues

the
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Fird. 2.12. Sisnilcwt 6tiae af tu'N Eoli2oatol eal' ia 6iB oJ S E'

To reach a conclusion we have noled rhat rhe vatue 32 was

*,#J',"h"; ; s,i il;varue 32 i' rearrv rhe,d5'Ji:fl"'ff::li:
i"minal and sample means expre.:seo l

:::":' ; ;i;il ;i Fisure 2.r2 uill show that the thance or the

iIH:l.X,:I;'i;t;;;i;de rh' rimit nominar m'an i 2 sB s E :s

:1i;;.;'i; ;'h;;d..d* ir rhe eoeur,atlonhr:"flJg:T::":"Ifl:
u'as drawn had in fact a mean e-quat to

.lecidinq lhal there is a real drnerence' the ring tramc b'ould-be

;;ili;E. il; wourd onrv be \^rons in doinq so about once rn a

"1,',r.',l;m;;;:;l,it1'.i",-;o o=", *v.2 2, i e som'cwhere

u"i*Lr'ioo ,.J z sa' *e sould '.onclrrde 'hat 
rhe diffcren'e $as

LJi.""i ", 
,r,r" s p- cenr leleli rhr chanLe in rhis cas' being on'

il"il;.i;. il;.'t.r.. " t?' :ll::ll?,;'.T['J:.:;'J1::ii
.n adiustmeni to the frame lhe rntcrPt

il filiil;; ; ;".ind;'aiion or a. Poes'ibrei'S::?:: :;,;, 
jT:

further testing would be necessary m'or

Exanpt. 2. siryb n'al';'o' \'u-':'lt';:;H Tilf ;:nfl;
H.flrH #H,ili'li'..Ti,lL'r', -;;" t i tt'e nomi nat'ount

is 92s, is the.mule sPinrung loo nne I

:il,q''',m*:t*mifr H'J{."f#,fri$H'iH'1::rt'T11:

Prin, ol Texlile -4

3
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S(ep l. Esrimarc the standard error of

srandard de\iari.n 
"f,h" ."-"t.'1:. Tt" bv dividing rhe

"t-r,.. ;n tr,. t"rpi" 
!'lr' urrrPrr oy the square root of the

2.2
s.E. = 

-\/12
: 0.635

S;p 2. Cal.ulate the value ofr:
lnominal mean - sample meanj

standard eror

t_192-s4.21
0.635

: 3.47

Step 3. Con:rrh rhe r Table (Tabie 2.tO) for r _ 7 _ 1, 11,.,,compare the \alue of, obraine**-",d I p.';;;;J;"f:.;;" '' steP 2 $irh rhF s per

,: 12 _ I : Ilr . 2.20t at rhe 5 per cent level .: 3.106 ar the I per cenl level
3.4? > 3.106

Conclusion. Since 3.47 is grcats than 3.t06, we conclude that themule is,spinning roo fine because the difference be-l$een rhr sampte mean and rh. ,.rni"]f,_.1"".i"s,gnrhcant al rhe I per cent level.

.,3:-:'iidrr., (rhe_ Greek terter nu) is known as the number of
_argyees ol lreedom'. It is one less rha. r,,,e reason ,or rhis subtract;on i" 

" ri,,,1',::Tb'T 
i" rie sample.

menioncd earrier in iil;;;;.,?r:r;i:' rnvorved and has been

*s:H:$*rJl*l*#Hfl,;}}i?
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T.bt 2.10. s;srilc@r, Linit' cIr

39

63.657.I
2
3
4
5
6
7

9
t0
ll
12
l3
t4
l5
I6
l7
l8
l9
20
21
22
23
2+
25
26
27
28
29
30

{o

120

9.925
5 841
4m+
4.OU
3.707
3.499
3.355
3.2v)
3.169
3.rm
3.055
3.O12
2971
2.947
2.921
?898
2.a78
2.861
2.8+5
2.831
2 819
2.@7
2.797
2-747
2.779
2.771
2.763
2.7*
2.7il

2.704
2.ffi
2.6t7
2.576

yr,g.tr ru, Xr"I;yfAiid,^*,i'Jf.wilM;,i.lf#"Radh' 
tt a Fnh'

If , (as determined in SteP 2) excceds thc I per-ccnt valuc' thcn

*. ;J"d" that a real dihc.cnce .xi.t" 3sd talc thc ncc6sary

;;;;:'i;;i;.i tsigoficant onlv at thc 5 rrcr ccot lcvel thc'c i3

omc evidencc of a difrcrcncc, but not cnough to rcqurre rmmcqr-

atc action.

12,76
4.303
5.I82
2.776
2.571
2,4+7
2 36s
2.
2.262
2.224
2.201
2.r79
2.160
2.115
2.13t
2.120
2.110
2.10I
2.@3
2.086
2.080
2 074
2.069
2.06t
2.060
2.056
2.052
2.048
2.045
2-M2

2.ml
2.000
1.960
1i960
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E,anplp.3. Di[./.ff. b.ta..n ttu nuan, of !u,o tary. sonpt.s. Tvo
)arns, each of 32s cotion couni, were rested for lea;rrensih. Thirrv
tesB. were made on rrch yarn dnd the follow;nq ,.""ults *erl
obtained:

Step 4. Comparc rhe valuc ofihis ratio with 1.96 and 2.58 fthe
interpreta(ion of rhis comparison is similar to that in Exa,i?l.
r):

3.4 > 2.58

Conclusion. Sincc 3.4 i! grcatd thaa 2.58, thc differcn& between the
mcan lea srcngth3 i! signficant ?rt thc I per cent levcl,
i.e. a rcal diflcrcncc cxists-

Is there a real diference between the lea strengths ?

Step l. Calculate the standard error ofthe mcans, S.8.. and S.E.r:
S.D" 7.A

sE.r:-:--l'42
{a,. /30
s.D., 8.2

s.E., - 
-{n, \/30

Step 2. Calculate rhe standard crror of the diEerence b€twe€n dre
means:

s.E.drn : y'(s.E.l' + s.D.,)
. s.E.djn : y'(1.42' + 1.5')

:206
Step 3. Calculate the ntio:

lmean, - mean, I lr,- x,l

s.E.ain S E.,'n

158-651 7'_:_:3.4
2.06 2.06

Number of tests
Mean lea strength (lb)
Standard deviation

30 (,,)
6s (r,)
8.2 (S.D.,)
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Fnnob 4. Diffcrence brtu.'a ltu 
'n,ra,6 

oJ tuo smatl sanptu' A labric

#i::i'i ;"'":',;;;;f,.*ir" "*'s't'i**e 
and arter a chemicar

;;.;;;;"; i" .".1i 
"*e 

ten specimens were tested and the rollo{'ing

results were obtained :

Is therc sumci€nt cvidence to show that the chemical treatment has

really wealened the fabric ?

Step l, Calculate S, the pooled estimate of the Population standard

deviation:

,: 
/[

(4- r)s.D.rr + (,1' - l)s.D."

nr!a2-2
(9x4,)+(9xsr)

I0+I0-2

Step 2. Calculate the value ! from Ihc 
-equationlrr - rrl

Ji

4.53y'(l /lo + l/lo)
: 1 00 aPProx'

SteD 3. Consult the , Table using

-^\+\-2
I ] ll,o, ., *." o.r ccnt lcv€l

: 2'878 at thc I Pcr ccnt lcvcl

s.!(tl\ + tln',)

48-46

Number of tests

Mcan strength (lb)
Standard d€viation '

l0 (a)
48 (rr)
4 (s.D.J
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Srcp 4. Comparc thc value of, obtain

ccnt ard I per cent varu.r ro. rid 
io stt, 2 with thc 5 pcr

1.00 is less than 2.lOI

C,onclusion. Sincc l.OO i! Iess than the 5 per cent vah..f, ,.tnt
thrrc is insufficient evia.n.. r" p,*" tf,.t it i'j.-Jlitrcatmcnt has weakened the fabric.

Signi{na c ttst s oJ dirO.$ian
Thc examplcsin tlc previors secrions have silowrl how the means of
:lll:t, T"y be compared. We often wish to tno," whette, onemar.rrat ls more variable than anorher, and therefore dgnifican;ctestsarc made on the measures ofdisprrsion, rhe standard icviation,and it! relared quanrities.

' Ex:n . 5. S;neh ttonda d.a;atin uith a larg. rampL. A cefi;liny.arn has a mean strength of 42 Ib when tesr.a i, f.j f"r- ".ilosraloard devrarion is Lnown to be O.+ lb. Forty lcas are tesreJ andarLDough thc mcan srrcngrh is not signficandy aim*."t fro^ +Z illthe S.D. of thc sampte i, A.O tU. l. ,f,.-*.;"tiri J:;;::;;j: ;iilgrearer than the bulk ofthe yam ?

Slcp l. Calculatc thc S.E. of the sta[dard deviation:

S.D. of sample
s.E. -- --

n:4o l2n

S.D. ofsample : 8.6
8.6

s.E. - -- : 0.96
{(2 x 40)

Stcp 2. Calculare the rado

diffelencc betwcen the S.D.s

S.E. of thc standard dcviation

16.4 - 8,61-

o.96
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Stco 3. Compare the val're of this ratio with the vatues 196 and
""' - 

z irj,',r" s p.r cenr and I p€r-cent levels:
- --' '-i i.,r.".a' 1 96 I'ui h less than 2'58

conclusion. Althoush there is some evidence of a diflcrence jn r ar i-

'-" '"''"" J'ii;?;''''o"rv 'ig"in'"* 
ut rhe 5 per ccnr le\ el'

Note rhat the standard error ofthe standard deviation is "lrrcined
b" Xi:di,iei; s..D ;ithe sampre bv v zT compare rtris sith rhe

ii'L,i^,# "i',r,. 
srandard erior o[ the mean' in *hich case se

divide by y'z'

Fnnbl,6. SinPI? sta dord delialion with a trl,atl mnplr- The.SD of

'":i;'llJ;.;;;;:i'"";;'* 
.,- ;. r's Iu. t* ' sampre or nine bor'jL;ns

ff"':;:HIil l*il,i ,.'";i "l 'r'' 
s b 'r'r'' "ampre 

is 2 rb' Is,rhe

lit'r'#.'o.".i,ir"s a varn u'hose stlength is more variaLle rhJn

usual?

SteD l. Calculate the zarianrrr ofthe samplc and the population:
yo.1un66 . S.D.i

I/r, the sampte r ariance' is 2 0r ' 4 0

%, ir'. p"p"rati'" variance' is t 5' ' 225

Stco 2. Calculate d lhe variance ratio:
variance exPecrcd lo be grealer

variance expected to b€ smaller

v,4
_: 1.78

v, 225

Steo 3. Comult rhe F or Varianc€ Ra(io Table (Tabtes 2 l l(al and
-'" ",-i,iir*a.nthe valurscorresponding to thc 5 Per cenr and

\"';;;'::;,"'';;i';;;.; G.r J r". rr'-" degrees or rrcedom

which aPPIY:'i"i- Iir l,*"a' (he I Per cent value rhen the diff'rrnce

in variabilirY is signifr(ant'
,r, i?rl;.. t.t*..,rrie 5 per ceni and I ptr('nt valuh

'"' ii.",i *ia"".. "ta'differcnce 
in tarial'ilitv is not

conclusive'
I" ",, ...-J;';;;;;;rees or frcedom for rhe samPre' 'r' 

is s - r 
'

i..lii. r.' ,'r" ri.prrr,i.n-r1 is vcry large and is rherelore taken ro be

irfirity, co.
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7-dbh 2.111o). vaid@ ot E Ratio, (S d d,t Sis,irtcore Linilt oJ F)

I
2
3
4
5

6
7
8
9

IO

I6
l7
I8
l9
20

2'
22
23
24
25

II
t2
l3
14
I5

I.5t
1.39
1.23
1.00

til*f.!;:r6i:: x{;*,1"!;*!,iy: [i :#:;:;,:ittxily*1y,il#:.Red.h. tR. 1 Fnk.

In the 5 per cenr rablc the value corresponding ro r, _ I and ,, _
oo h 1.94.

254.3
t9.50
853
5.63
436

3.67
3.23
2.93
2.7t
254

2 .r1)

2.30
22t
2t3
201

2.Ot
r.96
1.92
1.88
1.84

1.81
t.1a
t-76
t.73
'\.7t

l-69
r.67
165
I.64
t-62

26
21
2a
29
30

{0'
60

t20

1614
l8.sl
lo.l3
7.71
6.61

5.99
559
5.32
5.12
4.96

4.44
475
4-67
4.60
4.54

+.49
4.45
4t+t
4.38
4.35

432
4.30
4.2A
4.26
4.24

4.22
4.21
4.20

r99.51215 7
l9-001 19.r6
955 | 9.28
6.94 i 6 59
5 79 I 5.4t

r.r+ | + zo
4.14 I 4-35
4.46 | Ln1
426j 386
+.to | 3.71

3.98 I 3.59
3881 3{9
380| 341
314 | 3-3+
3.68 I 3.29

3 631 324
3.s9 I 3 20
355 1 316
3.s2 I 3.r3
3.49 I 3.lo

3.47 I 3 07
3 44 I 3-05
3.42 I 3.O3
3.40 I 3 or
3.38 | 2.99

3 37 I 2.98
3-35 I 2.96
3'34 I 2.9s
3.33 | 2 93
332 | 2.s2

3.23 | 2-A4
3.t51 2-76
3.07 I 2.6a
2 99 I 2.60

22+-61230.2
r9.25 I 19 30
912|901
6.39 I 6.26
5 19 l 5.05

453 I 439
4.121 3.97
3.84 I 3.69
3.63 | 3 {8
3481 333

3361 320
s26l 3u
3 18 I 3.02
3.t I I 296
306 | 2.90

3 0l | 2.85
2.961 2-At
2931 217
2.9O | 2.74
287 I 2.71

,rnl ,*
2.a21 266
2.AO I 2.a,4
2.18 | 2.62
2.761 2-6/)

2.741 2.59
2-73 | 2.51
2.71 | 2 i6
210 | 2-5+
2.6t) I 2-53

2.61 I 2-45
2.52 | 2.:r7
2.45 | 2.79
2.37 | 22t

234.0 l 2]'s.s l2$9
r9 33 1 r9.37 l le.4r
89{I8.841 8.74
6.1616.0{ls.9t
49s14.821 468

4.28 | 4.t51 4.N
3.87 | 3731 3a7
3.58i 3.44 | 3.28
337 | 3.23 | 3.07
3 22 | 3.07 | zst

3.0912.951 2.79
3.001285 I 2.6e
2e2 | 2.17 | 2.60
28512.701 2.53
2.19 | 2-64 | 24a

2.74 | 259| 2.42
270 | 2.55 | 2.38
2.66 | 2.5t | 2.y
2 63 | 2.4A | 2.31
2.@ | 2.45 | 2.28

2.57 | 2.42 | 2.2s
2.5\ | 240l 2.23
2.53 | 2-381 220
z.sr | 2.36 j 2.18
2.49 | 234| 2.t6

2.4? | 2 321 2.15
2.461 2 301 2.13
24412-29| 2t2
2 43 | 2.2A | z.to
2.+2 | 2.2? I z.o9

2.3{l 2.l8 l 2.oo
2.2512tol t.92
2.t7 | 2-02 | t.83
2@l t.94 | 1.75

249 0
I9.45
864
5.77
4-53

3.84
3.41
3.12
2.90
2.74

2.61
2.50
2.+2
2.35
2.29

2.24
2t9
2-15
2.ll
2-08

205
2.03
2.@
1.98
t-96

195
I.93

1.90
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ln thc I Drr cent table thc value is 2 51'
'.lli,itfi. ii".J utir"i""tt'"^ r e4rhere is insumcient evidenceto

i.'.*,t "itr'' "ar;"tilitv 
ofrhe l arn isgreater than usual

Tobt 2.11\b). votiand ot f Roti6 (1 ld ant Sishif'on" Linit oJF)

I
2
3
4
5

6
7
I
9

t0

ll
t2
r3
t+
l5

4052
98.49
34)2
21.20
r6 26

63b6
99.50
)6.r2
13.46
9.02

6.88
5.65
4.86
4.31
3.91

360
3.36
3.16
3.00
247

2.7s
2.65
2-57
2.49
2.42

2.36
2.31
2.26
2.21
2.11

2.13
2.r0
2.06
203
2.01

I80
160
t.38
1.00

,x'1,xil :l;y,:ltl*,", ly H:,#',#ffii;#,It"f:,! 
Rt-dt^ E A FD^o

13, ]4
t2-25
11.26
r0.56
10 04

9.65
9.33
9.07
8.86
8-68

8.53
8.40
8.28
8.18
8.10

7.31
7.08
6.85
66{

l6
t7
t8
19
20

2l
22
23
24
25

26
27
28
29
30

,t0
60

r20

8.02
7.94
7.88
7.az
7.77

7.72
768
7.6+
760
7.56

5981
99 36
27.49
t4.80
t0.21

8.10
6.84
6.03
3,.+7

5.06

4.14
4.50
4.30
4.t4
4.00

3.89
3.79
3.71
3.63
356

3.51
345
3.41
3.36
3.32

329
3.26
3.23
320
3.t7

2.99
2.42
266

4999
99.01
30.81
t8.00
t3.27

t092
9.55
8.65
8.02
7-56

720
6.93
6.70
651
6.36

6.23
6.ll
6.01
5.93
5.85

5.78
5.72
5-66
5.6I
557

s.53
549
5.45
5.+2
5.39

5.18
{.98
4.79

6106
99 +2
27.O5
14.37
9.89

7.12
6.+7
5.67
5.ll
4.11

4.40
4-16

2.q
2.9X
290
287
2-A+

266
2.s0
234
2.18

6234
99 46
26.60
13.93

947

7.31
6-07
528
4-73
4.33

402
3.74
3.59
3-43
3.29

3.18
3.08
300
292
286

2.80
215
2.10
26
262

2.58
2.9s
2.52
2.49
247

2.29
2.12
t.95

5859
99 33
27 91
15.21
10.67

a.r7
7.19
6.37
5.80
5.39

5.07
4.42
462
+.+6
4.32

4.lo
4-0I
394
3.87

3.81
3.76
371
3.67
3.63

3.59
3.56
3.53
3.50
3.+7

329
3t2

5764
99.30
2824
15.52
10.97

8.75
1.46
6.63
6.06
5&

5.06
4.86
4.69
4.56

4.34
4.25
4.17
4.10

4-M
399
394
3.90
386

3.82
3.?8
3.75
3.73
3-70

3.51
3.34
3.t7

5625
99.25
28.71
l5 9g
11.39

9.15
7.85
7.01
6.42
599

5.67
5.41
5.20
5.03
4.89

4.77
4.67
458
4.50
4.43

4.37
4.31
4.26
4.22
4.18

4.14
4 tI
4.07
4:o{
4.02

383
3.6s
3.$
5.32

5403
9917
29.46
16.69
12.06

c.78
8.45
7.59
6.99
6.55

6.22
5.95
5.74
5.56
5-+2

5.29
5.18
5m
5.01
4.94

4-47
4.82
1.76
4.72
4.68

4.64
4.60
4.57
4.54
4.51

4.31
4.15
3.95
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r-f:*an?t. 
?. Dindctu baurm th. standard d.oiat;on oJ hlo lare. ranbl.!.r wo yarns arc r6ted for lea strengrh wirh tle f"tilil;;ilI-.

Is therc a si.gnifcatrt difcrencc bctwccn the two S.D.s, i.c. is yam Bmore varidble in lea str€ngth than yam A?
Step l. Calculatc thc standard error of the standard deviation forcach samplc:

s.D-sE':--
\/ (2,t
7.2

s.E.r:--:0.9
{64
B-4s.E,:--:l.os

\/64
Step 2. Calculatc thc standard error of lhc diffcrence bctween theS.D-s:

s.E.dn: y'(s.E.rr + s.8.,)
J.E.din: y'(0.9r + l.o5)

Lct rhis bc f. Thcrcfore,
*: l.3B

Step 3. Calculatc tlte value

ls.D.r _ S.D.rl

h. 
17.2 _ B.4l
_ : 0.87

1.38
Stcp 4. Comparc rhi! valuc witt 1,96 aDd 2.58, thc 5 pcr ..nr andI pcr ccnt l6ds oflignificancc:

0.87 i, lcr! rhan 1.96

Numbcr of t€sts
Mean lea skersth alL)
Standard devialtion'



trrE ELELEN'S oF sf^Tls?tcl 47

Conclusioo. Sincc 0'87 is lcsr than 196 thcrc is no sigDificant
-'"----- - difi...o". betwcen the two standard dcviatiors'

ttotc. ThcE,lation t : y'(S.E.it { S E z) could bc rcwrittcn

bv suh6tituting-S.D,t/22 for S.E '' Thus,

//s.D'r sD'f\
k: ll--1-l{\ 2rt 2qt

and Stepc t and 2 combined.

Ex@nb 8, Difrnau. b.l ,Not tht standdd datiat;o'Lt oJ tu)o rfla

,;;f;.'ih;*;d;;; sirensth or two samplc! or fabric werc tcsted

il"'Ll*ii r,.i:irr-ln, *& v"*' had aiTected the variabilitv.or

;.";;;;;:-B.,i';pl.s *'ie *o"n in thc same loom using thc

:;;:;;";. d;;;;rd deviation for Sample A was calculated

i"* "i".?ti .*,i" "nd 
for Samplc B from eleven results:

S.D. for SamPle A was 6'5 lb
S.D. for SamPle B \das 7'9 lb

Samplc n t as e*pectJ to be more variable than samPle A' but do

rhe relult! con6rm this expectation i
ii]"i*cJ."[i.ir'.;ar;nccs orthe two samples, I/ : s D':

VarianccA:65'-+2'2
Variancc B :7.9, :62

Stcp 2. Calculatc the variance ratio
' variance exPected to be grcater

variancc exPected to be smaller

variance B

Step 3.

variance A

62
__ _ : t-47

c-'"olt tt c Flables: ,, is the numbcr in the sample whose

variancc is expected to b€ Sreatcr, less onc

-lI-l:10
,. is one tess thari the Irumber in thc other samPle

:9-l:B
Notc thc correspoiding values for rhe 5 Pcr cent and I per

ccnt lel'elt :
5 Per ccnt va'luc :
I Pcr ccnt valuc :

3.35
5.81
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Step 4. Compare the valuc ofF calculated in Step 2 with the 5 per

cent and I pcr cent valuel.
(hnclusion. Since 1.47 is less than 3.35 the test results do not

confirm the expectarion that the wefr 
""ea 

;n Samoi.
B has given a more variable fabric strenglh.

Exanlh 9. 
,ln.Example.8 we expccred one o[ the samples ro show

gyeater variability than the orher and calculated rhe variance raiio
accordingly. There are times rvhen we havr n. o.."1"* 1""_t.i"I
about the variabitity oleither ofthe rwo sampl* *a if,. 

"r*ii."imerety ls rherc a difference in variability between Samite e ana
Sample B ?,.
TlIe F ratio then bec6mes

Iarger variance

smaller variance

Two yarns were tested- for lea sfrcngth, nine leas being used from
each yarn.'the standard deviarion for yarn A was 3.0-lb and lorY:m B 8.2 Ib. Is there a real differmcc.b"t*.." th.";;;ii;;
the lea srrengths ?

Stcp l. Calculate the vadance ratio
larger riariancJ

smaller variance
.8.22

' 3.6'

Step 2. Corsult the F Tables:
\:8
lz:B
5 per cent value : 3.44
I p€r c€nt value : 6.03

Slep 3, Compare thc calculated value ofFuirh the 5 per cent andI prer cent valucs:
5.lg is greater rhan 3.44 but le$ ti,:q 6.03

,Conclusion. Because we havc d;[b€rately put thc largir. variance
as thc flumcrator r^?hcn calculaiing thc vaiiancc ratio,
the chancc of finding a tcal diffct&cc has bcen doubti,
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Therefore the 5 pei cent level is-now considered as a

io ".t "."t 
levei. and similarly the I Per cent levcl

conlidercd as a 2 per cent level SinceFinourexamplc
is less than 6 03 the difference is not significant at the

2 oer cent lcvel.
in thc Cambr;dge Elementary Suristical Tablrs

there is a table for 2| per cent Iimits which we can

treat as 5 Per cerit limiB for thi5 Problem'.The corres-

oondine value is 4 43. Hence we can rnodify our con-

ilu"iorJond s.v thot the difference is significant at the

S p.. .."t t.r.f tin.t S l9 is Srcatcr than 4'43' but thc

eGdence of a real differencc b not conclusive

TIIE ESTIMATION OF POPULATIOTI CTIARACTERISTICS !ROM

SAITPLES AND TtI! USE OF CONFIDANCE INiTERVALS

from the definition of a sample (a small number of the individual

-"-L"n "i *. o"rrf"tion which is selected to rePresent th' Popu-

Iation) it followsthat the results obtained from teiting a samPle w'll

'ir. Ll., iJ"'-",i- .bout the PoPulation bu t not tun?l't' inforlt:.^'

i;;.;;";til;;""" and standard deviatiors derived from samples

i,ir'i'".r L'r,i'r,r, .f the population val.es we can exPress the

;;;;;;; .";;;tthin 
'Jhictr 

the pop,ration varue is expected

;;.. ;;d .i rh.:.*. time indicate the Zegrec ofconfidence which

may be placed in the estimate. Oncr again the slzc ol the sampre

infl uencts the calculations.

Ennblc 10. Erti'lratr oJ ttu lo?ulatioa n'an rto a lote' sanqk A

*r- *ls te"t.d for single thread strength and 100 tests made on

i;.;;: il;il; "d,gth 
was 220 gind the standard deviation

i#isii*"i.ir,. ss per lent and the-s9 per rent confdence inter-

vals of thc population mean.

Steo l. Calculatc thc standard error of the mean:
' SD of PoPulation

S.E. :
\/t

26
s.E. : ---

ll00
: 2.6

Hcre we art uling lhc S.D. of thc samplc as an approxima-

tion of thc poPulation S.D.
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Step 2. Catculaie rhc limits of confdcncc idtervals:

Thc 95 pcr cent limits arc 1.96 x S.E,
95 per ccnt Umits , : 2.6 x I .96

:5lc
Th. 99 per ccnt limitr are 2.58 x S.E.

99;:: rent limits : 2.6 x 2.59
:6.7c

Stcp 3. Expr-css tbe estimarc as sarnplelean I confidence lirhits:
l'he 95 p€r ccnr confdcncc iaterv-al of rhc cstimated
_ - - population m€an : 220 + 5.1 tThc gg p€r ccnt coDfdence intcrval oftircttimated

. population mearl:220 L 6.7 g
_ We are in fact saying that 95 rime3 out of IOO ive would be rishr
il ry"-iog thar the population -.o" tuy *-.r1... U.i,nEn
214.9 

^^d 
U5,l g, and that 99 times out of " fOO *. *outa-Ul

corlcj-in taldng thc population mean to bc withi" ttc ."rg. 2lt.i
a'rd 226.7 g-

Exa,npl. t L htin4b oj th. laNdrion stardad da,iation hon a tarot
ran L. Using thc information given in Exampl" lO, ."dirute rhe Sipcr cent confdcncc interval of the standlrd deviation of thc
population.

Step l. Calculatr thc Btandard error of thc S.D.:
S.D. of population

s-E- :
"/ 

(2")
,6

s.E. : 
-1y'zoo

: l'84
S.D. of sample is usrd ar approximate S.D. of oooulation_

Step 2. Calculate thc 95 per c.nt confidence Urnit!:
S.E. x 1.96
I.B4 x t.96
: 3.6

Siep 3. Express the estimarc of rhe populalion srandard deviation
. as Sample S.D. t S.E, x I.96:

Thc- 95 p€r ccnt confidcncc inierval for thc population S.D.
is26 t 3.69

Hcnce,-thc S.D. ofthc population is e{pcct d to bc within the
rarge 29.6 and 22.4 at the 95 per crnt conhdercc levcl,
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Erdnll, I 2. Estinat? of tlu Pofutation tunriton a snall tam?h,'Wh."tc

only a small number of individuals is tested it will bc appicciated
that an €stimate of a popularipn charact.ristic will be.less precise

than u'hen a large sample is available. Large samples are therefore
preferred for this type ofwork. Neverthele$, on occasions an estimate
has to b€ mad€ from a small sample and the method is shown by an
example.

Eteven ring bobbim are tested for lea strength. The mean is 50lb
and the standard deviation 6 lb. Eslimate the 95 per cent confidence
interval for the mean lea strengrh of the poPulation.

Step l. Calculatc fie standard crror ofthc mean:
s.D.

sE : 
-

S.E. : 
-̂/ 

tt
: l.B lb

Step 2. Consult the t Tables for the valuc , corresPonding to
r: n - l.
The 5 p,:" .ent Table is used (i.e. 100-95)

r,: ll _ I : l0
t : 2'228

Step 3. Thc confidencc interval is giv€n by
Sample mcan 1 (, x S.E.)

Confidence intaval : 50 1 2228 x t'B
:50 14lb

We have thus estimated that the mcar! lea strcngth of thc tulk
of fic yarn u'ill be between 46 and 54 lb.

Estinatc and anjtuacc int@alt fot di[.r.n s brtu.m lan|b iuollt
The principt€s used in the foregoing examples may be used to
estim;te th; difterence b€tween the meani of tvo samples. Again
the calculations differ according to the sample size.

Exanltc 13. D;[.r.n . b.ttlx.n ttu nlrorl' of larg s@.!bs. Fiftv ntic
cops are testcd for cou[t from c?rch oftwo mulca'_ 

Mean count of Yam A, &2s with a standard dcviation of 4
Mcan count of Yam B,'7& u'ith a standard dcviation of 5

Enimate thc diff.tFce in mean count bctwccn thc two mul€! at
the 95 per ccnt lcvel,

6
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Calculate S, the pooled esrimaie of the standard deviation:

/J (4s * 41 r49 \ 5,)l
: 1l-Vt 50,so 2 l
: 4.52

S(ep 2. The 95 per cent confid€nce inrerval is g;ven b,
,r. i, r 1.96Sy'(ll L+ tk,,)

(82 - 78) ! 1.96 x 4.52 /(.: + +):4 ! t.77
Step 3. Express the estimated diflererce as a lange:

The 95 per cent confdence interval is lrom 2.2 3 to 5.7 7 counts.
We are thris concluding that the difference between the mean

counts spun on the two mules is between 2.23 and 5.77 (at the 95

Per cent lev€l).
. E"anpb 14. Difdat betucat ttu rmans using snatl ronll.!.Ter.\\ary

way strips from fabric A and an equal number from fabric B were
tested for terEile strength. Thc mean strength ofA was 47 lb and the
mean stlrngth of B was 40 lb. The pooled estimate of rhe standard
deviation was 6 lb. Calculate the 95 per cent confidence interval for
the difference betw€€n the mean warp way strengihs of the fabrics.
Stcp l. Calculate the pooled estimate of the standard deviation:

S is given as 6 lb
Step 2. The 95 p€r cent confidence interval is given by

.*r . tr 1 ,S \/\ll\ | lln,)
,, from the , Tables, is for r : n, t a" - 2,in the 5 per cent Table.

,:10+10_2:lB
i : 2.t01
4-i,:7

ll I I \
2.ror ^ 6 /l-- l=s.6a{ \ro rol

Therclore 95 per cent confidence interval : 7 :t 5.64lb
St€p 3, Expres the differencc baween the mearu a! a range:

Thd95 pcr ccnt confidcnce interval of thc differcncc
- bctwe€a thc means i! from 1.36 to 12,64 Ib

Ifthe 99 per ccnt confdcnce intcrval had beclr requir€d thcn thc
vatuc of, would bc rDtcd from the I pcr cc lablc.
Thc liaits quotcd arc lometimcs rcferrcd to a! *n lini* oJ atot.
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Hou na t kti fioutd bt nnd'?
lll",'-1- , ""-rr.. .f tcsrs is made on a material niter the rtsults

;::::',';.;;;;r";;J ana rt. ".timure' made of some popuration

:i;:.:.:'.,;.lij;; .a it,, 'r'' :::- 's or error c: -ot provid'

l]l#..",r':',*.,'. ;'r.rmation crearer precision can be achie*ed

i,: ;i;;'."r.;;;;.;-pre. Ir is po"sibre ro <arcurate how rarse rhe

li,',"if,,,'i,.t r,. io gi". a chosen d'gree ofaccuracv (See alsoTables

i,,iJ z 
"i 

s.;';h E,""dards HandLook '\.-o l I )

E^afl+k I 5. 7 he nunber oJ usts t-cquiftd, tn oiu tlk m'an to on a(tut o'v

^t n hn r. t at th, !5 bd c.nt con1,a'- '*"i Thi.ty- x leas of a 32s

:^';; ".." $ere rested for lea strcngth and gavr a mean str€ngtn

^i^i rr,'..i.r', ""naata 
deviarion of9lb The 95 percent conhdenrc

i., 
"f " 

* os 1 2 94 lb, giving a maximum rrror ol aPproxrmatery

li.,er..,i,o.'..,,,e"i'o' : : gl/0s " too)'

;:S;;;; {;;;i; i'stcd in ordcr ro reduce the error to 2 per

c€nt?

sr.D l. Calcula(c the coefficient ofvariation y:
' 100 s.D

l'--

b5

Step 2. Let,V be the number oftests and P the percentage accuracy'

Then.
/ 196 v\'

-\': l-- |\P/
/ 196 ' IO0 - 9\r.l --= - l\ 2x65 t

' : lB3 lcas aPProx'

Nole that hrre \1. hate used rhe S D ofthe samPle as an-apProxt-

-iii',i l" iii .o,i"u"' "'r* ;" order to carcurate I/' rr /'is
;;:l; i;; ,i"'i;'; trstins it wourd b€ us'd diredrv in the

formula

Exanth ld Thc ntt,rrb$ oJ t?ttr ftqui'd to sitl ttu tnndatd dtuiatio't

,";;:;,;;,ia ;:: ;;, ai ttu e3 p' eo Qnfd?n t- r' rhc ss p''

Prin, ol Texlile -5
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cen-t-confidence interval for the popularion standard deviarion isgrven by

Sample standard deviation 1 1.96 standad error

or Samplc S.D. 1
\/(2n)

busrng 
thc rntormation given in Example i5, Ge confidencc interval

1.96 x I
9t=--:9t2.O5lb

_ v(2 x 36)
r:xpresscd a! a percentage error, the maxiElurn error b thcreforc

2.05

- 
x 100 : 22.7 pcr ccntq'

How many tests would tre necessary lo rcducc thb percentageerror io I0 per cent ?

Step l. I-€l Q per"cent bc the required maximum error and .y'y' thenurDoer o, tests required :

O: lo Per cent
Step 2. Calculatc.Vfrom the formula

1.96 samplc S.D.

2.t{ :

2N:
Therefore,

(T)'

rv)'
,trr : 192 leas

qUALITY CONTROL CHARTS
Onc of rhe.obj.(rs oftesring i! to derecr changes in rhe producr ofthe processing machinery. Ir has then ro u. i*;a.J *t.ii* il.,Iorncrence berween rhe nominal value of tbe characlerisri; ;;; ;;
:::t11^:,i!. "l,hg ":"q^sampte 

is larse enough to inai.,r. ir,"i i"po-putatron vatue is sigrificanrly difti ,int r" ,t. 
^"",t.Iai. 

Wi f,.".
::i-::lll:. ".* the popularion varue can be ."timutea f,o_'ihIsampte vatuc; now we shall scc how th. Drincipl* di*"*.J;;; ;;!rnto pracrice.
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+ 3 09 S.O.

.rit65D

-r965D.

- 3 09 S.D.

Fisdt 2 lJ Cdttol ch^tli iE

A db6nilion of thc word 'quality' will be Icft until latcrl but for

o.cse.,t p,rrpo.e" *. ,.,ill regird it as somc panicular characteristic

irr tle oioduct'which *c wish to control, lhe most cofimon routrne
in,r.titl' f.;"o ttr" t 

"nk 
or coun! oflsps, slivers, rovings' and yarns'

- i roit-t ,tirtX 
^ 

*nvenient method ofpresenting mutine tcsling

resula in a readily digestcd form. In Figur€ 2'13 the horizontal line
oi '."i*."" ,i',i. 

"".d 
thc vertical Ii; is mark"d in unir in which

rhc iesi ral,re L.xpresscd, e.s..o&nlr' Thc horizontal line OT i! at

tie rr i*l ooht" oi the varia-blc nieasurcd, e g lhe desircd count'

and for the moment we will ass me that the mean count equals thc

no-in"f ..""t. O".. the vertiial scalc the nolmal frequency distri-

;;il ."*" has been drau'n in order to help in the explanation'

i.-n.u.li.r theow we knbw that rhis curve may be regarded ar a

"r"t-"friii,v 
**.. fftrs it is ab'solut€ly certain that a test value will

il.-".rn.*it.* undcr the clrve, but rahat are its chances of lying

outsid€ selected limits?--i-.i 
"..*"-.,1t., the limits chos€n are.I 96 and 3'09 standard

a.'iatio* above and below the mean' Considcr the 196 S D'

ri-;" iJ. ri.", r"tre 2 B(a) we note rhat 5 per cent of the value.s

li. hevond the limits + I (16 S.D. In orher words. I in 20 values will
ii;;;G;; ;*; limits, or I in 40 will lie ourside the r- l s6 s D'

ii"';i-."a I i" +o *il iie ouaidc the. - 1 96 S D limit' Similarlv'
ii'J"r.,"". "i. "^r".iii"g """il. ir," + s os s D li;it is I in r,ooo'

in risrrih.anc. test 
'*.-treat the 5 Per cent I'vel as indicatise but

".i .o"'.t,"it.. tn a simitar wav, we intrrprer a r€st value \\hich falls
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between the trvo limits; it could be a chance variation_the I in 40
chan,cc. tf. houerrr,rhe resnatuc Iay outside rhe 3.09 Ii;ii, i;:.'irsould be considere4significanrty differenr ro rtre nom;na] ,.tuc.ano aclron raken.'lhus rhe innfr Iimrts ma' bF consid,red as
aazzrag limirs and the outer limits as arlroz limits.

In rhe argumcnt above we hive Leen considering an inditidual
test value in relarion to rhe frequency disrributi.n of,;. p"orl"li;;.
rn routrne rclting_a sample of I js rare and tcsrs are usuaily made on
smal.numoers ,)r rndr!,duats, e.g. four cops, and the mean of rhetour derermined. Ho\1c|er, se Lnow rhat rhe disrriLurion of lhe
sampre means rs.isL J normat distribu.ion, w;(h irs srandarJ devia-tion called rhe standard error ot the mean (*. p. 35). W.-c;
th€refc.e prepare a conrrol charr based upon ti. S.f,. 

"itf,e *.rn,
usin€ I.96 S.E. and 3.09 S.E. as the inner and."te, fim;t".erpeci
tively.

.Consider a pra.l;cal exampte: In a coton condenser spinninr
mru.lhe count,! determined daily by seleding foyr rinq bobbins airandom, catcutaring lhe corrnr by we;ghing half a lea of yarn fromrach bobbin, and then raking rhe meao of thc four resuia. If rhe
mean counr over a number of weeks is & and the mean rance ii l.B
counts, calcularc rhe I in a0 and I in I,OO0limirs fo, rtn meui co""t_-

Srcp I. Calculate thc S.E. of thc mean.

Table 2.9 enables rhe standard deviation ofth e po!,latbn to
b€ calculated from lhe mean rangf. In this exami tc,
. n:4 an.d ar:0.4852

Therefore,

S.D, ofpopulation : mcap range x 4n: 1.8 x ir.+ssz = o.az

On p. 36 wc noted rhe rclarion
S.D. of populatior

s.E.:
la

llchce we can estimatc tfii standard error.of the mcan:
0.87

s.E. : --\/4
: 0.4p5
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s,,. 2. Calculak the limi6
"""'' i",-'u-i" tthe l in 4o or u'mnins t'''1 , ,.ru " 0.n,,

: t 0.86

Ourer limits (the I in l 
'0OO 

or a{rio'1i11')* 
:.Og ', O.+rS: 1 r.s+

one point to note.here k Lhat rhc.limirsareorai*[Tfi,:"1,']:
mean count' qhich in our case t{as the o

*.il li"'ii'r.,J'*.", sav &r we wourd stil haf:'"1.1'ST+I::
from B O. In cases whete the aciual mean

---, ."nh rh. desirrd mean rt s necessary 6rst to 6nd oul $hy and

ir'"'',"--,t. the required T"ihtTj:l['[:t:8. or rhe mean and

*1 *'# [',{tinhr fi*tr*fi '*i;lt**:i x
S.E. Ise€ Table 2.l2(b)) - . .. , , ...1nr. 7. which rorresponds

The mean ranse is multipl;ed o, ?,''.";l i;lili;:i.*u-pr. tte
to the sample size and the limits constder

)l*'r'ii".i. -."-';e 'o.nb 
and the samPle size' ,,' was 4' Fur the

warninq limit, ,'t.0 i! 0 476 1heretore
"'""'" ""--w^t"lr'" 

rimiB - Mean t l B Y 0476

= Vean I086
For the action limit, '4r,ooo 

is 0'?50' Therefore

eoloi, riti" = \Ie?n t l8 x 0750
Mea! t 1'35

T.tk 2.t2ld\' F to^ Jo' Co"'tinr tlu -l1 n Rolv ol Sodkk! of^
'*" ' i"i1L'ni,tit^ s''"dd'd D'|lidt@: s D nrc^

1.t28
1.693
2.059
2 326
2.53+
,-704
2.A47
2.970
3 078
3.t73
3.258

2
3

5
6
7
8
9

l0
tl
t2
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robh 2 t2!b). Few! b @hnh b Mit;ir ttv Me ReE o! Sd4!., .J n ir Oda toobtaia k t DLJi@@, oI tt t i, 40 ;;d r in t,m L;.tL ni ,i-e,,.i",tiil"i,

2
,
4
5
6
7

.g

9
l0
II
l2

2
3
4
5
6
7
8
9

t0
ll
l2

?
3

5
6
7

8
9

t0

t.937
1.05{
0.751)
0.59+
0.49S
0.432
0.38{
0.347
0.317
0.29{
ot1'

t.229
0.668
G476
o 311
0.3t6
o.274
c.244
o.22f)
o 202
0.185
0.174

W';' l*,W, X L*t *' irr: : ;yi 2 91,; FilrilX, #,.;,. R_t,

4.12t
2.990
2.5?3
2.356
2.218
2.12O
2.044
I.986
i.9ao
1.90t
I 870

0m0
0.036
0.m7
0.159
0.213
0.255
o.292
0.3?3
0.351

2.8r0
'2.t7+
. r.993

r.806
1 770
t.660
1.620
1.583
1.556
t-532
1.5t0

0.036
i.t77
0.287

. 0.365
,0.{r8

0.+6?
0.495
0.52!
0.543



rEE ELEMINTS O} S'ATIS'ICS 59

Ranp. .hotl'iiiii".tnil *. r* i",.'esred in ihe wav.in {hich the averagc talue

A;:;;i; ;; ;." also st,dv thc variation in the sPread or ih€ test

l::i;; ;il;;;,,'"1 chart cnabtcs rhis tariation to be obsened

il"iri i,lr.i..* i. ,he variation can be detected and steps taken

;::J;;;i;.'A "p..*l 
Table is asain used in thc calculation of the

"H"(:::f .';fl:l';urtipried bv a racror, D' corresponding to.the

".y:#il'J1'j:*:"'ft [H'?T]ff i:fl ,fl ]::,J;.:T""J:fr
*'r.ning t;mit ; l'933 Thcrefore

warnins limit for the *".' 
= 

il;'l'ii*ri " ''"
: 3 48 counts

Thc factor DLoo0 for tbe action limit is 2-573' Therefore

Action limit for the rans" 

= 
ffif il;", 

t 
""*"

: 4 65 counts

sl.ea we are usuallv onlv int€r€sted in the high valucs oftlte range'

il:::,}i"iI.T.T#;,'1," 'ii' "'rv "r'n' *art (s€c Fisure 2 14)'

#"W#:' : #:":il'.',lf i.n** n*. *en prepared ror a 36s

ii'Ifiirl".'r"i' 'r"g 
bobbins are taken at random from (he')arn

:i;:;i;; ;; -u"nt and the r.anse deiermined dailv The limirs

ill",i. i.ri ,'J tt,. 
'ansc 

hate been cstit'lished rrom pretious rcst

results. Fisurt 2.14 sho$s the t\ao.cna'rs $irh a scrics ot the dails

lliiil,i"i,"O-. c'*ra'r th' conrrol charr [or rhe mean L'ntilBMav

;ii:;: I;;;;i";.* inside rhe rnaining rimits' bur on I tral the

;;,,';;;i;i;' *-Ple fell brt$e€n rh'e trarninq and rhe action

iilii;.;;1il;, aui. I'o*'"e" rhe mean cou'rt \Lasback assin

iilliil:,i.'.,."i,e r-irs.and rhoerore no ac,l.J,ili::I:t.t'*:

X::,'!'"*ril':lJJ.q!'i.i:**"li:"x".x;**::,hr:
rhe I in 40 limits indicate that lh{y

l{i*frH:.;f;fr [r..+;."x,;'d:J,i,T,i*fl*
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Nomin, mur:36! tr.,minalinitsr + 2S.E,srrnd.rn.rDr:0.6 Ac.ionlim,6: + 3S E
\t.u nnr:2.t,

lnn.r)inn: !.47 x t.999 * {_A.Fpm:.
oucitianr2.rT x 2.573 _ 6.r.ppbr.

, 
IiguQ 2.t4. eutiu @nbot.ha/k

..lxperirnce and common scrrse musr bc combinrd u.irh slarisricswhen ml€rprering rhe confol chart- Fn

;:T:r,Ii""ffi i:: ;". xtit ::i':il[tyi,,!: iin:i;j1!;p1".,.,iri,r,.""*i,g'ir'i;i',illil*:l_iT,;::XT:;::i:
,,lffi J."#Li:ffiTJl;$::,f n*,:,-.:$lTiJ[#tf :ils
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Th. choiu of linit'
In the preiio,,s sections the warning and a.tion limits have been

calculated using the factors 1 96 and 3 09, In practice, the factors
arc often iiken as 2 and 3 wirh little loss of control. Othet values

could be us|{ ifrequired, but experience has shot'n that t}e 2 and
3 facrors work satisfactorily. There are other points which may
require consideration. The material may be manufactured to a

specificarion \ahich la)s down the iolaanrer allowable in lh€ producl.
Ii is tlierefore neci.ssary to relate the control limlits with these speci_

fied tolerances. Twd examples arc given here, one to show the effect
of tolerances which are too tight and the other to show the effect
of tolerances lvhich are too uide.

Figure 2.15(a) illustrates shat happens I'hen the specificat;on
timits arc well inside the natural spread ofthe population character-
istic. An excessive number of rejecrs will be Produced. Improv;ng
the Drocess so that the variation is reduced is one way of avoiding
rejeirs but it might prove too exPensive, An alternativc may be !o
dtuss the speciEcation with the person who framed it and to see if

Upper specinco',on lmit

Low.r spe<ln.6tlon lini!

Uppr. sp.c'f i.ot'o^ lim*

Ld.r rp.c'r(olion lioir

FiEu. 2.t5. Pt@ticA uh ! @d slailrat:@n tihil!: \o) Ststilx.tid li'nik t@ tano!;
(t) Totnoac.' ta! u,e
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the tol€ranccs could b. u,idened and yet still achieve a serviceable
product.

, Should the spegification Iimits be tlider rhdn the natural spread
of the procqss, then even rhe 3 S.D. Iimrrs mav still be u,nhin the
tolerances alloued. Ir rvould eridcnrly be a uasre of time to issu.
changc instructions when a test result lay outsidc the 3 S.D. lirnit
.but irside the tolerance.

Incident.lly, one.an be'change-theel happy, and do too much
machinc adjustment, the result being to introduce more variation
than is reFoved, Experience and common sense a-re indispensable
in lhe implerner.i.r:-,i ofconrrol schen.;.

Ttu .n et of sanpt. flZ. on th. tinits
Thc sprcad of a sampling distribution changes with the size ol th;
samplc. Figure 2. t 6 shows a comparison betwe€n the distributions of
individuals and samples of four and nine. The disp€riion becomes
less as th€ sample sizc increases. Thiseffect can be used ro modify the
spacing of the conrrol chart limia and therefore to modify rhe
degree of control over the process.

Vdri.bl.

tigti.2.16. St/.od ar Mqling ,rnkibrtior' Lith la tht ddintut,i!s
I.et ar.ooo be thc action limit,

Zr'ooo:309xSE'
S.D. of population

: 3.09 x
\/n

Expressing Zr,ooo as a percentage ofthe mean i,
3.09xS.D.xt00

Meohs oI s.frd.s of 9

Meo.s cl sompl.s ol 4
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Rearranging thi5 cqratior to put ,l on thclcft-hand sidc,
l0or x 3.09r x s.D.r 90000 s,D.t

(L)t x i' (z)r x c
Hcnce the deSrec of control can be increascd or decreased by

deciding uporr t]c d€sircd value of tr and calculating thc number
of individuals in thc samplc- For l.r thc waning limit,

,$000 s.D..
,l : 

-- 

approx.
(L)t x i'

Exdnqh l. "f\e stald^td deviation of a '[0t cotton yam i! Inowrl
to bc 1.2 counis. What sizc of samplc is nccessary in ordcr'that the
waming limit ir 2 per cent of thc mcan?

40oo0 x l.2l

2'x4ff
t44

:-:9bobbins
t6

If samples ofa givcn size arc al&ady in use and thc standard error
ir knowo, the calculation is simplcr.

E atigh 2. ArL& cottonyam is t6tcd ilt samPld of 4 bobbins. The
standard error ir 0.6 counts giving a rr,arnitg limit of I 2. How many
bobbins must rhcrc bc in the sarnPle in ordcr that ihe warning limit

Thc p€rcentage obtainiflg with four bobbins in the sample is
. 1.2

- 
X l0O : 3'pc. cent

4.O

The standard crror cor.sponding to 2 Pcr cent will be

0.6x__0-4

S.D. of population
Since S.E. =

1/n

/s.D.\' / l'2 \l
":l-I :l-I : e bobbins

\s n i \0.+/
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EXAMPI E! OT CONTRO.L CHARTS IN 'ILXTILI. APPLICATIONS

Dtuuftam, ta,tlot a d coxnt .o,that
Some olerators ofconrr,,l shcmes in spinnrng mith hotd rhe tierv
rhar rhe conrral of count bv tesring rhe spun yarn and changing
wheels un (he sfinning frame is rhe urong approach ro rhe probiemi
The arglmenr put forward is rhat it is-too_lare to cont;l at the
spiflniflg frame becauJb'chdnges made there will probabty incieas€
rariation in rount mlher lhan decrease ii. Ir is considered rhat bv
the rime the results are knou.n and action can be raken. the causl
of wrong count (e.g. too cbarse roving) has disappearfd and rhai
by changing rr!':::!: :r rhe framc to g': r a finer count the.hrxre
till operare on roving which has in fact become fiaer anyway. Ttiis
u'ill result in over-corrcction and ihe counr nil then be ioo hne.

The policy of any control slstem shoutd be to spor rroublc as
qui(kly cs posliLle and to pur it right betore too much faultv
matfrial has been pzssed forqard to the foJtolinq plocesses. With
rh;s in m;nd (he key conrrot poinr in cotton spinnine, for examole.
;s rhe dra\ trame. Some people susqest that conrlot iould be as fai
back as the scutchei.

Broadly speaking, rhe functions of rhe drasframe are to imDrove
lhe blending, ro reduce irregula.riry, and ro bring rbe 6bres inro a
parallel condiri,,n ready for furrher drafiirg. For corpb€d sl;ver the
emphasis is on reduction of irregularity; for carded siiver the main
objecc are paralklisarion and blcnding.

'In mo6t cases four slivcrs are controlled by a change pinion of
the dra(.frame and each is calied a dclir,erv,. Fo!.contr;1,; certain
Iength-from each delivery is measured and $,eighed, Changes beine
made fr.m rhe rcsults ofrhe r{rapping. Norv, ifconsecurivi tcnethi
of sliver from une delivery r*.ire tested, rhen the variarion nJted
h.ould be variation uithin a delivery- Ho\r.€ver, such a m€thod of
testing is not normal practice. There uill bC ditrerences in sliver
$eight per test length bctu.een the stiven from each delivery, that
is, qaiation &ith;n a nahir or inter-delivery rariation. Fprther, sincb
a number of dras.frames supply material to rhe next p.ocess, the
latter \till also be atrected, variation in sliver weight resuhing irom
variation rrrp.c,| drauframes.

A method of dra*{ramc control is described by Haworth (frrr.
MJt,p.4O7 (tutg,,1958)). The frames are r6ted rwice a day, sliver
being taken trom deliveries l and 3 in the morning and 2 and 4 in
thc afternoon. Control limib ar€ sctso that, ifthe risult fals ouaide
them, a .han8e of onc toolh on the chang€ pinion shoutd bring lhc
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sl;v.r seishl back uithin the conlrol limis Remembering the

.ftect of m"oirrure resairr on weight, lhe samples ate 
'hecked 

by an

a.cLrrare m^isrure mlerer and lhe weighings corrected sh'n neres-

sary. The conttol chart is illustrated in Figure 2'17' Points to note

, ri fhe reco,a;nc ofthe numl,er ol reeth jn (he chanse P;nion
iIr The d.'iarioi from the nominal reiqht is expressed as a per-

centage instead of a v"eighr in grains or grams Thisisadevice
lvhicli enables the obsc*er 1o aPPreciate the fluctuations more

readily, especially when a number ofsliv€r weightsareProcessed

d

L ghr

. 
Fisw. 2J7.,C'nio! 'hattf dtuuidw di@

The control limia of a charl of this tyPe are chGen to suit the

deoree of control which can be exrrcised by lhc gearinq ol the

-.'.t';". S,,""".. th.6n€st or minimum correction lhat (he gearing

"i1"". i. r "J/**. Let t he nominal sliver weight be 80 gri d What
f.-*f, .f 

"iir=. 
**, be tesred lo oblain limirs rhich coincide rvith

ii.i-i"i-"- .r'""". I A sFri€s of I \d lengths from "arh deliverv

.o',ta * t.'r"a anithe data anall'sed Referring to Tal'le 2 13' lct

r,, x,, x,, and.t. be the \deiShts of I yd ltngthr from the f^ur deliter-
;.s. rivino a mean of i. From the lbur t values thc ranqe u rs on-

t,i"ia- fii. 
".o.edut. 

is repeated a numbrr oftimes and the mean

.r"'. j a.i.t-i".a. The standard deviation is calcularcd bv

d;viding the mean range by 2 059 (see Table 2 12{a))'
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l--
t:t

_ &r + o, +...+ e,
,.!6. .-"8. a

No. of gYoups

Srdd.rd aLviarid : -dn

uhcr. /i is rh. fa.tor fo. n : 4.
S.D. x 100

Erq = s.D.9/.

S.D. x lm

wh.r.: L th. $.nd m@. Alr.rnarivdy rhe noninal may bc ed.

L€t the mean range in this examptc be I.9 gr, gjving a standard
deviation of0.92 8r. Expressed as a perccnrage ofGe n;minal sliver
weight ofBO gr thc S.D. becomes I.l5 per cent. This percentage has
been mentioncd earlier in rhis chapter ind referred to as n or."Thur,
the error when I yd samples are t.sted;s l.l5 pcr cent, and so,.e
must now calculate how lorg thc tesr length must b€ ro reducc rhe
error to 1.0 p€r cent, thc minimum amount ofchange.

L€t ,? be the number of yards r equired and assumelhar the acrion
limits are the 2 S.D. valucs, i.e. (he t in 40 liin;Ls. Then,

2 S.D.

- 

: 1.0 per cent

2 x l'15

t'/tr

In practice, a 5 yd test tength would probably be chcsen.

i

Tobl. 2.13. Draf/tu 3@t ot lwdsht' oJ, ra slid tasth'l@ F.zt D.tibi,,\
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Crcup (ontrol thatttJot ginning fian.s
When establishins a schcm€ of court control, the 'unit of q,ntrol'
must be decided upon. Thc rinS frame is often considered as trvo
separate machines, a left-hand unit and a right-hand unit; so, too,
is a mule, each part being capable ofindepend€nt adjustrnent. It is
not uncommon to find ditrerent change pinions on each side even
though thc count being spun is nominally the same. The following
objections to the use of spinning frame bobbins lor count control
have hern put fonr'ard :

(l) I! is neccssary fo. th€ 6nal product to be outside thc control
limits before corrective aetion is taken; an effective control
slstern should prcucitt the production ol ircorrett 6nal
producu.

(2) Thc ess€ncc of a good control systcm should bc thc. speed at
$'hich dete.rion of faulty material is.followed by corrective
action; u'hen bobbins are t6ted there is often a delay b€twe€n
collection, testing, issue of notice of action required, and the
completion of the necessary changes.

(3) Thc sample size is limited a.d the inherent bobbin-to-bobbin
count variation is often sufficiently high to require control limits
rLhich are spread too rvidely to be rcally e$ective.

Because of these objections some mills are using the dra*'framc
as the point at which count is controlled. Nevcrthele$, fiaoy mills
pr€f€r to irse the spinning frame as the conuol point in addition to
ordinary drawframc control. A recent development has been rhe
grouping together of a number of similar frgm6 sp;nning rhe samc
count and fed by a commo{\oving supply/rrfhe group of frames is-,2
lhen trrated as one spinning unk. i.e. rhe utiit ofcontrol is a number
of frames. Of coursc, it is necessary to ensure that th€ frames so

groupcd arc as mechanically identical as Possible and a thorough
check of gearing and roller sizes, etc., must be carried out frr:t.

With group control only one set of charts is used, and when a

change is indicated arl the &aracs are changed simultareously.
Experience has shown that the count variation is reduced by using
group control and that the frequ€ncy ofpinion changes is reduced.
The method ofsampling must be considered. If, say, six framcs con-
stituted a group and t\^'enty-four bobbins is the samPle size, it tould
be posslble evea uith perfecdy rarylom sampling tbat a sample
could ba collected \rhich did rlot contain one bobbin from a particu-
lar frame. to avoid this it is usual to rrlali,f, the sasPling and
collect a number of bobbirs at random from each -fralne in the
group.
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(a) (b)

Fisw. 2.18. Cloup Mtftt chn/klor )m .obtt 6d rons.

_ 
An example ofthe type ofcharr used is shown in Figure 2.t8. In

this example two yarn cha.acrerilrics alc plotted, rhe count and the
courit range, measures of average and variability, resD€clivelv. Jf
rrquirrd, rhe lea (ount x strengrh product could be plorted on a
third chart. Thc action limits.for count contiol are related to the
a\'€rage. values of th€ full sample and not to tlre average values lor
the individual frames $ithin rhc group. These latter-values are,
however,.used ro .provide practical information. The highesr and
lo$elt individual frame averages are plotred, so that if a iarticular
frame regularly spins 6ne or coarse ils b€haviour is sponed ouicklv.
ldr :r.*p]., Frri:1. I I app€ars (o spin s:re :nd Frame tS'."u.sl;
check! on thr rwo frames would besuggesred. Und.r normat running
conditions the frame lumbers L,ould appear in thc highest and lori
est positiois at random.

. The average range and the individual rarEes arc ploned in a
similar manner. Again an acaion limit is calculated and the frames
sho\^ ing extreme ralues are;ndicared. A frame \hich resulartv
appcaru as rhe_one rvirh rhe highesr range u.ill, ofcourse, be caiefulli
{hecked, but it is also of interest to know why a particular frame
behaves ,rtr?r than the others. Examinarion oi such a frame may
Iead to improvemenrs all round.

THE BINOMIAL AND POISSON DISTRTBUfIONS
hobabilit]
Probabitity has been mcntioned very briefly in an earl;er section of
this chapter (see pag€ 3ll. -

By tossiDg a penny many times thc numlrr of times headi ..ilt
result and the number of times rails wjll rcsuh will be equal, i.c.
half the total number of rimes the pennv has been rossed. lf. .rr-
then, that the probabiliry or chanci ofgerting heads is \. "
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Similarlv. on rolline a die and calling 6 a success, the probability

"f..i,;'" l'o *lff u. i. The probabilitv ofgelting a 4 is also l - -^"' 
ts.".'irrr, if an e'int can happen in a number of wavs and if a

cerrain number ol these ways is regarded as a success, lhen the

i'"i.tifi,u .. chance of a iuccess is de6ned as the ratio of the

fu*U.t oi *rrt f.torrinq a success to lhe total number' e g when

i".'p..m." .i. .."*a aithe same time rhe chance of two heads at

one time is + ,/ + : l.- ir,. .r,"ri. .r?, a.,itle six wirh two dice = * x l : * I-rt th€

oaa"lnluuo". "f.."""€ss 
bc n:n. Th'n the probability ofa success is

ntn
Conversely, the chance of failure is

n+tl
Ifwe let thc probability ofa succ€ss be, and the Probability ofa

failurc be o. then- P+c:l

Tfu bkon;al di'dbutio,t
IIJr set" ofn erents "tc 

taken, the number of s€t5 having a successcs'

;i-- i1 .*"e:"o, 1, - 2) success€!, €tc , will be given bv the terms

of the binomial exPamion:
N(p + c)'

'Ihus, Ior / successes, the number of sets is given by
NnC, f c'1

n(n-rt@ -2)" (n-'+ t)
wnere

1 x 2 x..
Statistical theory shows also that th€ arithmetic mean of th€

binomial distribution is givcn bY

. Arithmetic mean :-2P

Further. the standard dcviation is givtn by
S.D.: t/b?q\

E:dr?rlr. Duriry atr cffLicncy survry o[a weaving shed' lixty-four

"t*.rvaiiors 
of thi six looms of onc weavcr werc mader I e srxty-lour

;"i"i *IJ"fi ii *t".t the rmbc' ofstopPcd looms is recorded in

Prin, o, Texlile -6
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thc bjielinstant ofoh,servation. It was found that distribution ofrhenumbrr ofstopped looms rvas as follows:
Number ofsropped Iooms O 123456rrequency B0Z2B22OO
Can tbb disrribut;on be reprernr€d bv rh; b;d;iaidisrribution ?The number of'sea ofevents' in rhis case is 64, i... ,i,r: ;;- i;"'events arc thr stoppages oftlte ]oorns, i.e. n : O. U.rrce the Unomiaiexpansion in rhis examplr may b€ written

-- l,I(p + c)" :6a{J + dr
N€w, we havc se€n thar for a binomial distribution ,, eoxats rh"artlhmet c mran. In lhjs example lhe mean is given by .

Arithmetic mean :
sum ofthe frequencies

64
(30 x 0) + (22 x I ) + (8 x 2) + (2 x 3) + (2 x a) + (o x 5) + (0 x 6)

64
: 546!.

52Sinccz:6,p:-X
64

I
-:0r135
6

and since, J C : l, c : 0.865, rle expansion becomer
64(0.13s + 0.865).Katicr pamdox;cally in this instance a.succJs, ir a stopped loom.Thcnumb€r of times that all six loonB werc.stopped, ifthc binomiallaw holds, is 

_given by the first term of the expansion, i.e.
_ .64 x- 0.135c : O 1;.e. a very smatt \atueylhe number of times rhar ih€re w.r.

by thc last !erm, i.e. 
no stopped looms is given

64 x 0.865! : 27 a
worlins out 

'h.-il;;.;,. ;;:PPP*distriburion: wc obrain rhc follouing

Number of loomr sroppcd 0 I 2 g .4 5 6

^-.j:!":'.v. 2? 25 to 2 o.2s o at omparmg thc €alculated and thc actual distribucions, wc obscrvithat aherc i! a rcasonablc agrccmc betwccn thc,o. W. 6.r.fo;;concludc that rhc actual dbiribution foltor* th" U;r"roirl ai",r;]i"_

T'hc co.nclusion raachcd abovc was by insFction only; thcrc are
::ati!ti+ Tcrhgd! of carrying out sigriifc.ancc tc!t" .# fo. Oo.Inc rcaocr a rdcrfcd to thc rcfercncd givcn (tcrtboott).
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T Poislon di:ibution
Wh€n th. chance ofa success is very small birt thc samplc i! so largc
that succ.sses do occur, a special form ofdbtribution arisca, In this
cas€ p is very small and , is very lar8c. Lct n, : z. Thcn,

$ + d' : cxp(-n)(l * a * - * - *.'.)

whdc cxp is the bas€ of Naperian logarirhms,
The proponion of 0 succtsscs : exp(-n)

I succcs: : cxp(-a)z
2 success€! : cxpe,zl)ntl2t
I succcsses - cxP(-n)r hl

Now, the arithmctic mean ofa binomiat distribution is cqual to n ,
which equaL rz. Again,

thcreforc,
Standard dcviation : \/(r?ql.

Since 9 - t -A thc variaftc: r4 (l .:p) : rl, - rlP. -fhc limit
of4-olr:tift&ofnp:n.
Hcnce the variancc oftte p"i"sn aistrlt 

"ti"n 
is cqual to iE mcan.

Altcrnativdy, thc standard dcviation i! cquat to thc squarc root of
the mean.

Thc Poirson dirrribution i! u!€d rxhen randomly occurring cvcrts
arc beinS studied. In tcxtilcs thc evcnts aic vcry sftcn cnd-trcalag€s
in spinning and $,caviag, and faults and dcfcct! in yarnr.and fabrics.

.E @r.. Suppcc thc number of warp brcalragc p€r udt lcn8th
of5 yd i! studicd arrd ihe rclult! arc a! follows:

0
I

3
4
5
6
7
I

0
26
42

t5
0
0
o
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The mean - 172192': 1.87
The variance : l.7B

Assuming for the momen( rhal rhe disriLur;on nearly follous rhe
Pri$r, dislribution, let rz : 1.67. Then

exp( n) : exp(-l'87) : 0ls4
The calcul:red frequency of

0 hreaks:92[rxP( -z)] 92 . .o.rsa
I break: g2[exp(-n) x l.B7] : 92 x 0.154 x 1.87
2 break:92[exp(-n) x (l.B7r)/(l x 2)]
3 breaks . .

t4.2
26.6
24.8
r5.4

4 breaks
5 breaks
6 breals
7 breaks
B breaks

The c-alculated frequency distribution ofthe breaks 1o be expected
is in reaionable agreement \^'ith the actual distriburion. Ifsuch a
good agr€ement is not obtainid the infcrence is that the breakages
arc not occurring at random but are being caused by-somc machine
defect. The necessary steps are the[ taken to Iocate the .ause.

'the above discusion ofl the binomial and Poisson diltribu;ions is
rarher c&densed. An cxaellent account of th6c distiibutions and
thci applicatior to teitile problems h Sircn by Tippctt ',. Z.xt.
ILtt. 26, Tl3-:f70 (t93S)). Thc data for the examples givrn have
b€en taken from Tippett's papers. The Poisson disiribution and rates
of occurrenc€ arc also discuised by Byearley, A. and Cox, D. R.,
An Outl;ru of Statistial..llethodtJot use in thc Tcxtib I utry,sth EAn,
p. 53. The counting rit neps at the card, using the Poislon distribu-
tion, is described by Linnert (.1. Text.lart. 52, P2B9 (1961)).

)
RANXtIIiC AND SUAJECTTVE ASSESSMENT

Many textile tests provide numerical results, yarn strength irr
pounds per lea, yarn twist in turns per inch, thread spacing in cloth
in terms of cover factor, and so on. Therc are properries of textilcs
bhich although ofgreat importanc€ are difficult to assess numeric-
ally. The housewife buying material lor curtains may not be inter-
ested in th€.counts of thc warp and rvelt or their r€spective nvist
Iacton and single thread strengths, but she will be in a position to
asscss thc fabric's appearancc, handle, and drapc, three labric
characteiistics uhich are not casiiy describ€d by a nunrber. If a

2.7
0.4
0.2
0.1
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ranse of fabrics is submitred f<ir examination, rhc housewifi.will

;.i"fi" *** them and mnk rhem in order of merit and lhen'

,-riai ,f'. price is right, she will buv rhe material which she

.onsiders 10 tc th€ best."wi... 
f"Uor^,"ry measuremenl is difficutt, a useful device js to

",t -li-,lr'. ;"n". oi.u-p'e" 'o 
a numl'jcr ol judqes or cxperts and

ask thrm to tr"nt tt.- in order of Preference lnsome(ase: the

,"r....t, *,*..t the judgts can bi calculated; in others perhaps

,fn". .1"fi"".f,f,. ".- 
of1"iag." rnuv ue 

'ompared 
with the ranking

oir* t" u-trUo.u,o.v irsirumenr' The decisioru c'f each judge are'

ii.o*!., p..to..f iecisions and so the merhod is referred ro as

s ubjeelir. asiesencnt.

Ran*inp and rank ranelatbc
s,,".i. il1, * r"r,.i. samples are ro he ranked in order orgeneral

""iiir-ri" "r.rr".'"n..,'na,lut 
r$o rxpelrs have been asked to

-^k. the inspeition. All six samples are given lo each expert In tum

and he ronks'them fiom I to 6. No l rePlesenting the-most unrlorm

i"U.l". ff,..."f.ingt "f both exPerts-are set out as follous:

td,

L€t the total nurnber of samPles be ,,, : 6, and the sum 
-of 

the

*"-".*-.f iil alr*.r(es, Jd!, 
'- 4 We can norv calcLrlate Spear-

.i,n's coefficient of rank correlation R'
ItLd"

R" | '-

n:l--'
216- 6

n : 0.886

6 x.4In this cxarnple,

theaefcre,

Sanltc ,

Ran*;ng Difuenre in nnk;ns

Extdt A E4ert B d dI

I
1

0
I
I
0
4:

E
F
G
H
I
J

2
4
I
3
5
6

3
5
I
2
4
6

I
I
0
I
I
0
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SFarman's .oeificient may talc valuet from -l to +1. If .B
appmachc! * l, thc infercncc to tr drawn is that thcrc i! a clo!.
agrecrnent between the rankings oflhc two exp€rts; whcrc R is ncar
U, lttle or no.agle€ment b indicared; and rl R approaches _ I, thc
tw-o cxpcrr! dilagrec itrongly-what A corBiae*l'ooa, n co""A"n
url€nor. Ulo6c agreemenr b showl in th€ cxaaplc givcn.

Whcrc the numbc. ofitcms rankcd is not less than"l O. it is !,o6sibl.
to tcrt rhc iignificancc of the valuc of .R in ord.. to ch..I ti;;ih.
degrcc of agrcemcnt has not arisen purcly by chancc. ifr. *i":f
srgnricance i! madc by calculating a valuc for r and using ihc ,
TabLs.

- 8lanpl". Number ofitcms ranlrd, 
't, = | 0, SIrcarman,s co€fficient,,R,:078.Then,

lln - 2\

':'^/(,-*)
thcrcforc, t : 3'!A
Thb value 

-of 
, is comparcd with thc caluc of t corresponding to a _ 2

dcgrea offrccdom- fic t per ccnt lev€l of, fo. a aigree" o?fr.caorn-
13 5.3b and thc calculatcd valuc of, ir 1.54; wc co,-ncludc that thc
dcgrcc ofagrccment bctwecn thc two cxperts L significani.

Ran*ing nr ta'dal judsa'
Morc than two judges may br askcd to rank a nurnber of items.
Suppo6e that five judgcs uere each askcd to ranl seven fabrics in
dccrcasing order of smoothness, No. I rcprescnring th. "-;i;;and No. 7^rcpresenting the roughcsr fabric. Ttrc railings couta Ue
set out as follons:

Sdnlb a c D E F c
rL

n,l'lcr./ .J SJuds. lO
tP

7
5
4
7
7

3

5
I
3

I
2
I
2
I

6
7'
6
5.
6

2
I
2
3
2

5
6
7
6
5

4

3
4
+

Ranl ktdl' 30 l6 7 30 t0 29 l8
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lfall th. iudceswfre in comnl(1c agrcFmenl, lhr rank totals would

u i, ir,. *i;"Js, to, ts, zo, is.30,.rrrrt 35,ic lite ls,6ve 2s'ttc'
i-fl" rr", .i ,fr. '.* L,ob i. t to , if ,h' j"ag"" had shou'n oo ability

i" L"U'o,f," fabrics, the ranking nLrrnl'ers rtr'uld be at random

^ri ,tt"..i"r.if'".."1 totals uuul<l- l'c tqtral 
"nd 

be one-5€vrnth ol
ii.,"i^ii+0, .qr"l .20. Tbe actual ra;k torals are now compared

uith 20:

Sanllc Rdnk totaL

100
l6

r69
t( )0

i00
8l
4

i70
(Sua .fd' - S)

Ilt S : thc sum of the squares of the differences,

z : the number ofjudgcs. and
r : the number of samPles-

The measure ofthe degree ;[ agrcement among thejudges tu given

,,t* the atfirient d contordane' ll/' 
S

In rhis example,

Dtfercno d

l2o - n. r.l

t,l,bf , n)llt2

570

(Difacnuf
d.

: 0.82 approx.

B
C
D
E
F
G

30
l6

7

30
l0
29
18

tt:

$,:
125 (343 - 1))lt2

The value of lll can vary betu'een 0 and +l' values ncar 0

t.d;;;;-"; agrcement and vatues approaching l.indicaiing
.t.* asiement. Thus, rhe five judgec in (his c-as€ exhrbrt a hrgh

;;J;a;;;;.--, "n 
tt. .u"i;ng ot tt'e fabrics for smoothness'

iT. "i*"in.?,* 
.r,u c.efficicnt oiconcordancc mav be tested bv

.€fer€nce to the F Tabl6.
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Fint, the value of ,,/ is modified:(l) Subtract I lrom S.

(2) Add 2 to rhe div;sor J,nr(,rr - z)l/12.

s:570_l:
The divisor - 700 f

569

Thus,

Hence,

569
2:702

W:--0.BIapprox.
702

. The next steD is to calculate r\r,o estimates of the degrees of free-dom:

The greater estimate : (a - t) l: u - 1: r.u
m5

t21
The lesser estimate : (,n - r) J(ll _ i ) .

t --)'t'sa 224

The value for F is then calculated:
(m_ t)ta/ 4 x o.Bt

t-tt l7.t apnrox.
I CBI

a

Since rhe. esrimates of the degrces of freedom are nor $.holenumDfrs, rt rs olien ne.essary lo inlerpolate \ahen consukins the FTabtes. In rhis parricular case i",.,pJru,ion i"';;;,#r,;:".*;j
oecause the calculared value ofF. I7.1, is relt above rhe I ner ceni
rcver ol r. J 99t lbr degrees uf freed.m of 5 and 22.lrom our cal.ulaiions $.e rherefure Lon(lude rhJt rhe fi!e ;udperare really in ctose agreem.n!, a (tosene.s \ hi, h t" ,"i J;; ;;;,t,;;:..rnf nnar lankrng may now be made by consideling rhe rank torals:

Santh B C cD

l81630 30 t0 29

- Final rank , 6

Note rhat samples A and D rank equal sixrh.



THE ELEIIPNTS O! STATISTICS 17

PAIRED COMPARISONS

ln rhe rankins merhodsjust dis(usscd rhe tomplele ranqe ofsamPlcs

;:':";;il;:; i;;,u,i. rr-". rhis hJ' rhe adranrace or beinc

;";lt,'i;i; ;;'; .";Jii'. mcrh"d ;r rha' ot onit'd ' 'nr'a'i'ot rhe

i,i-" r, sl;; n'o samp)es nr a lime Jnd rares one 'f rhcm as rhe

,-.lnrred srmplc. A n'$ parr rs rncn sul'mirted for examinaLion

H; ;;;;;;:; '.p""'"i "'ir arr.p'ssr're t"mr'inations of pairs

r,,.. i,".,r .uU-ir redi" theludge and hi' drcisinn' recnrded lt mav

l,i-'"i,,,,.' i-r." it,t the"deisions app"'' ;llnpical For jnd3nte'

i:;;i:I;;!'i.&rred to B and ti prercned to c' bur "h'nA
l"i''C'r,.'rrr*a rhe ludge mau rate C Lrrter rhan A The 

'on(is-
ii"".' 

"i 
,-r-ii,ar " 'i.*-'*a t'v thc .to$ui'nt o[ 

'otLtist'nt)
s,,-..$ 6ve blaclboards ol 1"r n are ri l'c.luiqed from the sr'ind-

,-i.t'[i,eeulnritv. Two peoplc make rhe test one d'trng as Juoge

ffi'ir;;';; ;" i;;'a".iiri" *'o.a" *u*its r\o ramPres ro thF

iia"ri' i,al.i;i..f.;.^+s hrddcn orcor-*scr-r' h" rhen.indicarrs the

I in a TaLl€:prclerred yarn. The prelrrence 
's 

re'o'oe'

SatnPt.

B
c
D
F,

I
0
0
0

-l

I
0
0
0
I

fficrr',cd, rhrna mark

i';ll.I#li'r. ii. r"-',r) ro,r'o" 'r''' rhc sarnplc nr rhe lerr rrr thr

ijiiJ","l',.- i' 
"l;r.*ed 

ro thar ar trrc h' rd or rrre corumn A

;"j;i;;.;i;;J 1,ii",,.. ';,* in thc c"rrcsp"nding ccrr orthe

tiili" ;"ii...,. ,r,"i ir,. *.pr' ar tlc r( rr or thc horizontal row

r:",:il..ii;;l;;;;;ri;;;..'"' rr'e hc"d or rhe corumn 'rhis is

;'.;:'i''J 
-"r;h ;ii;t'. ."*r,; "",;o"" 

possl-r)e' a nd " irh 6!e sampres

rhe pairs are as follo$'s:
AC
BC

AE
BE
CE
DE

AD
BD
CD

s - l- I - f
\2iA B C D ElSu,n:S

.3
2

2
2

-,

-11l0
0-01I
0l -01
001*1
1000-
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_,ft. .1-, I, -i:t,-.yt ""lro i. fo,,-r, in this examDl. .,r:
r ne maxrmum 

',atue of I, Z-,., is given by

,t2

r-". _- l0

Next, the value a : iI* _ I)/2 is r-tculated.
The coefEcient ofconsistency is lhen given by:

d x24
(l)/f : I --.- whanrr is an odl numbern -n :

d\24
(2)if - I -- whcn z is an .ocn n\rnber

rts _ 4n

Hence,

In our exampie, therefore,
T^", - T l0-2

and since ,l is 5,

4x24
tr:l___:0.2

125-s
The value d is rhc number of inr.nsistcnr dccisioni. Therefor.. whendequars zero rhere arc n. inconsist..t,rccisiona; iil;iji:il:
.iudge in the example gjven rhus shots a ..nr;r, ,n.."u'.. ot.on.i"_tency in judgin€ yarn btackboards.

Pait.d tunparnon' u.ith s.loat iud!.t
In,thc prey;ous sccrion the iaiied comparison iest r^.ith ohe i,,.tdF

::ll-: i,_':yss:o: 1, .xrension of rhis principte is ro emproy sive-J
Juut6, eacn makrng thc comparisons separarely and collectinc allrhe dara for anarysis. A Tabti is set ouias b.fil;;;;j:;,i.';
numberJ is enrcred ro indicare rt,c numbc, .fjrdft ;il;;;,;;rh:.$mpl: ar rhr tefr of rhe horizontat mrv to tiat;t rhe h;d ofri;corumn. l, srx judses were useC and fi.. .::nptes u.ere h"ing examlined, the fible mighr bc as folorvs:



ABCDE

-5464
I -5422 t-53
02I-0
2436-

tfii ELeMENT; ot srattsrlcs

. SonPk TotaL

?9

l9
t2
1I

3
l5

Ncxt, for cach valuc ofj, calculate the productj[(i - l)/2] and

cnrer it into a sccond Table:

B
c
D
E

B
C
D
E

San th AB C DE Tolal

t7
l4

I
25

e4-J

Thc sum, J, is the nunJ lcr of agr'snents in the completc test 
. 
If dll

.1fu{**+.r:'l"li*":',runm*U'11}il':?:}li
;::Jffi;}",."J ihe orher harlrtnh o rhe n,mber m ro,rd
'*.',. i,f, - lljiz times and wo')d. nplescn;H';l)lij 

"r11.menu (j being equal to ,,t)' and tne m

n(n - lJ

2

with six iudqes and fivc samplcs, J-.. bccornes 150' The measure

;i;;#;i;,;;tr," juaLo i"-Gii''a trc @'ntimt o! asu'n'nt'

q,ith thi svmbol ,{:

-l
81

,?(,"-1)x,('-l)

6 15 6
l06t
-r030 -0
3 15 -

-t00-
l0
0l
r6

n(a - l)
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In rhe cx.rmple.

Bx9-1
A __ _ |.6x5x5r<4

o.252

. Jl:::ll-l,l varue for,, is r, bur th( minimum depends on!thether fl rs odd or elen

--l

Where n is odd,

l-i, : 

-
n-l

-lA_t_

lfnh 
1;xjudgns, rherefore,,4_i. is 0.2. The(oeffici"nr ofasreement

u, vzJZ-suggesrs a meas,jrc or aqreemenr bFr$?rn the jud;Fs.

. .,,n":,,", ranling may norv be derilfd by consideiing-rhe ro,vtorals ot rheJ \.atues in rhe firsr Tabte, high numbers irii.rLi"n 
"ij,,;x:"il:::*"". 

.|. ,he sampre ar rhe reft of rhc row. rhe ranklng

A, E, B, C, and D
A,Iuller treatment ot re methods outlined wru be found in variousrexrhools on Starisrics. ChaprFr lB of Maroney,s iJ i;; ;;;;;;q'\(r a \ery-readdLIe arcount ofranking merhods. Texrile exam"otesor rhese rechniques \4i 

-be found in papers by Srockbridse lnd
1"1:,,,:s,9i tL Ir^t. ltut.48, T26 (lss7,) and Lansho;n andsondh, rm rJ. t?xt. kt. 49, pbtT (t958)). The former"deats wirh

;",:.rJl[j:r.::*::::d. 
the rarreh, ith yarn quariry asessment by

CORRELATION

\\'hen cxp-eriments are made to find out .ii.hat happens to one
p-r operty ol a marerint \1hcn chanq.s are mad. r. e".iil"r. 

",. 
_.".11\e,are lu.ky.. find lhrt (he rcsulF plo(ed on a grupl fi. 
"n,ushargr'r trne. 'Ihc luo \ariables, rhe properry srudiid and rheproperry changcd, are lhen sajd ro be Jineariy related and rhestraight Iine graph can be described by a lineat .,ir*i." .f *.-f"r-

v-mx+r
rrhere2-is the dependent v-ariable, i.e. irs value depends uoon thc
l1!. :f,, ' i. rhe independent variabr., r,r l"iil. .l'.,p. 

"r-,i. 
i,.,and. I5 a (onstanr, lh€;nrercepr on theT axis (see Figure 2.t9).
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Ficu/. 2 lg' Litun/ ttlttiowhi! b'h''a t@ odiabh!' x ond v

\'erv otten the plotted points do nol lie on a stra;ghr line but are

..^1,..f ;;.;:'', i; spire or ttre scatter a trend maY be obsrrved'

fil;"',"nJi"pp.'ia atichool we T:-111":,:?Jil"[: 11; H:
srraight Iine through thc Poinis' enotavo-%. 

fVh..."" t..na i"
so th"ar as many Po;nts were "b-'.il.it,;;', ,;; ,.orrelated,.
noted we say that the t\do quantltres

l:"#" !j i;L l't "p,.' 
z 'r'o'i" 

r''* the air pc-rmeabllitv and the

s'eft tsist fa.tor are cornaleo , ,. ! increas€i as the ind€pefi-
lf the value of the depe"9'* "ar'::f:l;'#;; ;';;.i;;;: -.lent variable r increascs, the correlauor

thc other hand, iI2 decreas$ as .! rncrrases' the correlauon is nega-

lll'.]i"ir.'. J p.i"'*bilitv/twist factor example a positive correla-

.l'"ii".,i* .r*', -athematical methods of drterminins the.best'",;*t f;:,: il,ile a"al'bre 9111 ;Tf"ffiil;;i'I':Jffi
estab"lished rh. amount ofscatter ol,theJe 

correlarion coefficient, r.
degree of correlation, is exPresseg lt llt'.l""lli..i"*'riil ."*a,-
Th"e maximum varue oI I r' -.1,.'19':11;". :i;ui"r,iri..r ;,r,. *i"i-
don (in other words. all the Potntsl':-1n-;;i". 

":.,.i,'ilJ,. 
e "a*,mum value is - l, indicating Pedect i'ill*.* ;. ,"n.0* -"-of 0 tells us that there 'ts no corr(latron

ri.lered, Hence, values ofr approachrng +l and -,).in-dicate hiSh

'J."J^ir.",'."1 
".r"*,pr':;:ht'9.'il'or.'J lllii,'ilfi;,n",n"

These few notes on correlation n"".,1"r'"i.;;,",a" *0"" n.
rcader will hav6tome td* ":'l':_::[i:i tn,"r,. ..r.*,".* rr'.

['j't'i";:i:t*#*it 
j#it.x':'is1i*:{*'rurx'

book on Siathtics'
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DATA PROCESSINC

.\fost rcst resuhs are numerical in character and ir is not surprising
:1::,-:: :1i:,,, methods of processing a*" *. u.r"g ;.,,i.iilgareo. An exampte ot the pmAress made ;t. ,his direcrion is ie::-:ibel
lL.l"i9:.:l *1**neranl Eward (r*,. R.r.:. 3s, 2rt(r#;i;r,ara trom lhf hbre_ and yam-t$ling 

'n""t,ino "r. "jli*,"jprrnred 
-on pap€r tape for visual observation and 

"imuharrcor.irlpunched o-n to IBM cards for sukrquent auro-"* a"i" "r"^,,i1r ne use or a d,g,ral hbroeraDh. whi.h ;nd;caies fibrc leng'th charai_
:::l::,*.1:_dlqi:t form, is ciearry-a pointer to the ryp."of d;i;;_qulreo trom teliii.j i-atruments of lhe f,tturc.

rUR'fHER READING
nxtboot' ltdhodtutov)
srE rrLEy, 

^., 
ed cox, D. \. /^ Outtitu ol Statanilat M.nod! Iot Uc in h. nnihhdir1 (5rh.dD) (W6l Indurri6 R*;rch A'sirtioh. tq6,\\oao\ty, a. t. Fel,.ton Fkd., (3rd .dn) (p.u@. r..j*.li:isor

" lliff;.ii'illi.,i:il.""'.:.Y&lr;a4t' c^!'ot cl'ok:'aL -&nr 
r*ic't

"'i,il,I;1;;,'r?liiil i;1;LT:'&;iErr' ! H c s"'r"i'at M'tldt'rd rdtit

Tqisk (M@. adoti*.d)

lEn-) Silln&ol M.tta& in R.6.[ 6dt+D6.rio (Srd cd!) (Oli6and Boyd, EdinbuEh .nd Lndon- rq57r
rtrBER, R. 

^. D.,isn oJ E N,i arr {6rh .d;l I
London, I95l) oliE tnd Bovd' Edinbwgh -d

BRowNr EE. x. 
^. 

,,/,.r.,i.t E pdituntotbn (H-M.S.O.,lg5+)

' i:,T;,]r|a " rt' M'tLods oI sta'id" (aIt '&i rwiri'- -d Nory.t,
yuL E, c. u., ad xEND^L!,t... A.InbodLtin

(Gn6D, Iaodotr, I9+9) to lu rl@'' ajfstati'tia lltll.l cd^)

Stotitti.al t LL'
rrsEi. R. 

^.,.trdy^r!i,,. sro*a r"*, f- ar"j,a, Agiatb.t. ad M.dral&r.d.i (sfi cdn) (OIiv6 rDd Boyd, Edinlul} "fu r^i." ,"ii,-- '-'---
>, 

^aror..t. tF'r.) ro .!Jo statbtiri@ @d Bil,l,,i.t ar,pt- i iiir"*,1,r,. om"cunivdiry coI.a., London)

''#.';"ii;J;H;*:1iil1' "^nw 
***"sed*id r"r" (c'm-

Stdirtt'{,dndbtrti{.,

''ii,"i,"*"i6;i "*o'- u'o'oa' in rou" n.'".."r' .' (PL tt t. Ta'. r.d.

"ii,Tll t iiri "'*o- M'rMt in TdtL Rc'ach -t lPr. 2) ,. Td. hn.
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NrwlEra. R c.'Thc Impl.m.nurion of Quatjtv Conrrol Chaas in SPinning

Milts.' ?. f. . 1rn. {9, P229 (1958)

"";;:'i;.*;;;i.;;;-;. 
;Ex;ihotarr"hnique ror \rlr In\'srisation

--.iiti"g l,i w*.;g.'J. r.d. rtu, ao P532 /!q4q\

.-^,,r s ? ,cn.formiN L,-,tr,. sp""'n"",,o*: r' fal 'ldr' {t 56-(1954)

:;;:;;.';.;si;i;,;;1 ap"ii,v oi.r'"t' A Roi'w or cmrin@u samprins

a^-. , 1 'r.n. t t. 8. P467 11957)

";il.^1^:. ;i;;;;;;., i iqu"ii'v cont'r i" cotron sPinnirs Md w'av'
-'i"i- s"i. i-ii".r n-'r;'r' 7't /d'' rf Pr''o irs57\

' ^ft*:ir#r*si'I +;l*"x:*raai :"'*' ::'y :":''l
";:il;;.i..'"'. ;;'di".i .r c"*i i,' w'*L'd sP;nrin8' , 7a' rd'

',*'?",lTtil, *'"" nE,t th. c,n.' i' r'n t/L't's2' P2se (rs62) 
.

oNEr' c 
' 
!w^LD' r' r' Auroma& Data A'quisition

"^s""* r.i rit'i'; v.m T^tit's.' n RB J'35'213(1961)



J
THE SELECTION OF SAMPLES FOR TESTING
w.E Iearnid in Uhap(er 2 that 

^ 
sanpt.;a arelari\ely smali trac(ion

u hi(h,is selected ro represenr a popula(ion. Two imporranr rfasoru
Ior only res(ing samples are rhe r;me required per (est and the des-
lru(trre na(ure ol-many ofrhF resrj.Just hov small rhe sample mav
be rn relation.,- .i'c poputation can br ilustrared hy one eiample.
Suppor a bale ofcotton \^eighing about S00 lb is ro be tesred lnd
lhe rnrormatron rFquirFd i5 rhe s(aple lenqrh of lhe colton 6bre. Bv
using a suitable sampling merhod (he weighr ofcorton 6bre actually
tested ma) be abour 20 me.

Bale weight (in mg) : 500 x 453 6 x l,0OO
226,800,000

Sample \eight (in ms) : 20

Sample weight iO I

226 800,000 I t,34{).000
Thusj less than one eleven millionth ofthe bulk has io rcpresent the
bale.

The sa.mpJing mFthods are governed to a large exrent by facrorc
such as the follo$ing:
(l) The form ofthe material.
(2) Amount of material i\.aitabte.
(3) Nature of the test.
(4) Type of testing instrumcnt.
(5) Information required.
16) Degree ota..urac) requir.d

, .Within th. timirarions imp *ed fur particutar cascr, rhe under_
Iyrng prrncrple c,t mosr sampling merhods is rhe selecrion ota razdonsanlb, ftee from 6iar and therefore truty representarive of the
population.

1'HE RANDo.llt SAMPI E

In th;s.tlpe olsample everv indivi.tr,:l in rhe popul"rion has an
cqual (hance ofbeing inctudcd in ir. The numtxr in itre s,mpte must

84

Bale reight
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bc sumc;"ntlv larse to include all the variations ofthe individual! in

ii" p"pri",;,1". e-r..y variable marrlial will require a large number

in order to obtain true r€prescntatron'"" inTi a,;1;'n s""ara HaadbookNo ll,P 2l (I963L the nu'iT rdl

'.-ri. i. a.n'.a * 
" 

rample in which all the 6bres in the population

il"I"" ..r"f .f,"*. "f 
beinq represented The exPr€ss;ons 'random'

una:n"-l.i.ut' *ry ,hus be-inrerpretrd in rhe same way when con-

.;a..i* if,. .a*,i,i. of a samPle of 6bre In a perfect numerical

."--ri.',h. o.oo."lo, bv n,rmber of. say, long, medium' and short

nhres would be the same in the samPle as in the PoPulatron, e'g rn

ii.i,rl. + *;ifi"" t""s, I0 million medium length' I million-short

iir.*. Sr.f' o.rf*ti"i'is well nigh impossible and thcrefore a-

random sampie with its corresponding random error ts th€ tyPe ol

sample with which we nolmally oPrrare'

AII E DTASED SAMPLE

Where the selecrion of an individual is influenced by factors other

,fr."'.f,"".., . .r-rl" ceases to br truly rePreffnlative of th€ b!l*
antt a biasclsamote iesuls The cause ofthe bias may b€ th€ Phys'cal

.i.-.,.*ri* oi the individual, ia position retative to the pcrson

a"irrr'ttt. 
"nt"oli"s, 

or perhaps some subconscious bias introduced

;ffi"i ;;. Fo-i irsLnce, unlas special methods arc used' the

iJ.;;;;;;;"; " s,.ate. ih""ce of b'ing selecred from a strand

"i'i".i.f tf'"" ,f,. 
"Itlorler 

6bres, a bias duc ro the Ph,tsical charac-

i..l",i* "f ,f,. loneer 6bres. Again, a testing-room a3sistant may

r;.ki." U"Uui* fr.-rn ,he top lavir ofa case ofvarn (whether to save

Ii*..iiir,.iJ.raigging d;wn'into therase or because he has never

t*r i.iJ .it..*"., ;e io nor know), but the bobbins chosen wiI
L'-ti*.a i". to tieir position. Subconscious bias is naturally a

ti"ti.. ""ti..,, ir mav be that the person selecring cones wil1rick

,i. i.i l."ii's..* ri.e from ridger. cobwebbed rnds' rtc 
' 
without

rhinkins about;t.' iil .-r..i 
"r 

ui"" * the (Fst resulb mav be negliSible or consideG

able. Where lhe reaction of a fibre lo, say, a ch€mrcal trealment I5

t"irr studied it mav not maner much whethrr the samPle rs brasecl

;;;:;;i;. b#;6bres or not where th' lensrh chara-cteristics-

;i;;;;i;;i:;id" .re to be d€termined, then a bias.in.favo-ur of

tt'" to,ie'.i nu..s will matter very much indccd Similarlf if any-

"ii* "i.*ri, .t ,rr. 6bre is relited to length' therr th! resuhs of
rrc nJasurement ofthat property wiU bc affected also ln wool the

i;;s*;;;;;;'; g.n..utiv io"'i"' than rhc short fibrc!' hcnce a

Prin, o, Texlite -7
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det€rmination of fibre fineness based on a length biased sample uitl
'We i,ill now look at some ol- lhe methods used in the sampling of

fibres, yarns, and fabrics.

sAMpLtNc roR TItE DEfERMINATToN oF FIBRE pnoprttlss*

The sampling merbod used to selecr a 6bre for teslinq depends uoon
the form in u h;(h rhe hbre is ava;lable. Thus, fibre i;bal;s, in sli;er,
card web, yarn, etc., will demand different techniques. The test
r€sult of the sample will not necessarily be identical to the result
which would have been obtained by tesring the bulk. T.r,o sources
of error may be present, random error and error due to bias. Ran-
dom error has been discussed in Chaprer 2 in connection with
sampling distribut;ons. Bias has been mentioned brieflv in the
prer inus secrion.

A point to note in relation ro 6bre sampljng is the degree ro \lhich
the 6brcs have been mixed or blended. \\Ihere the bulk ro be sampted
is well mixed, as in a drawfrarire sliver, the sample may he selected
from one region and the assumprion made that 6bres fr.om all parrs
of the original supply are represenred. Where mixins has teen
limited o. B,here it is kro\a'n that the marerial may var,s fr.om region
to region in the bulk, samples should be taken from alt parts oithe
bulk in order to achieve a representative,test sample. This is knot{n

. as <oniagandis an important srep in the preparatio; of man,v samples.

i " -.--.. _,J

Oir.(tion or.tiar €ri3

Fisa. 3.1. Tk '.,t at' oJ ajbr. i" d 'titd
'Se_.lso_T.T.S. No. 77 '-\l.rhod! of Fib( Sahptins tot Tcstin. J- T. _ ttut.
54, SI9 (1963) ; B.S. Handboot s*o. t I, p. 20: Sd,rIirC M.ttud, I Fibn Lagth
B.S. HandbooL No. I l, F. 90.
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L?nEth a .xbl bier.d sanqks
Thi rrlaat ofa 6bre in a strand is tht dhlance parallel to the strand
axis thmugh which it cxtends. Figure 3.1 illustrat6 this point. Thc
chancc of a fibrc bcing selected from a strand and includcd irt thc
sample is proponional to jts extenl, and unless spccial sampling
techniques ire used the sample will be'extent bia$d'. By and large'
the tonger fibres will hav€ the grcater extcrts and, b€cause. ol this,
a badly selected sample will have a bias towards thc longer fibres

A representation oian idealised sliver composed of 6-, 8-, and I0-
unit fibres, all parallel to th€ suver axis, is shown in Figrrre 3.2.

Supposc we select for our sample all the fibrcs which cross the line

A-e. ft. sample would consist of six fibres 6 uniB long, eigbt
fibres 8 units long, and tcn fibrcs l0 units lor8. This sampl€ would
cofftitutc what is termed a'Willinson Tuft', that is, a samPle of
fibres which traverse a partrcular cross_sectional ar€a Wilkinson's
papet (J. Tcxt. Sci. pp. 76 and 103 (1S28)) deals with colton frbr6;
i iuxi tv Townend (7. 7. .Ittt.2g, T55 (1938)) dilcusscs rhis
type 

_of 
sample for wooi. Samplcs choscn in this way aft lherefore

extent or 1e[8th biased.

Fism 3 2. Id.ditd tliw \

To obE;n an unbiarcd sample, only lhose fibres whose ends tcr_

minare in a givcn,or n should bc aelccted (TowIJ.e'Id' J. T.*t. In-rt.

26, Tl30 (1935)).
Rcfcrring agJn to Figure 3.2, imaginc thlt all the 6bres which

p.ot*de p,-ast-an arc iombed away and d\sarded. kt AA bc
movcd ba& io BB, Thc fibrcs now ProtrudinS Past BB arc tho6€

r^rhos€ cnds tcnDrnatc in thc ,orltn AA/BB. Ifthcsc 6bres arc coq$cd
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a\ray_and ,Idssified inro lengrh groups. ir h.ilt be seen (har thele are
lrne-l'bre.s,n earh otrhe b-. B_, and I0-un;r lengrh qroups. Thus,
the hbre lenqrh has nol inHuen.(d the choicc of r'he hl,r.rin.lud;;
in.the sample and thereforc an unbiased ".-pl. i, "Jj.,".1.-ihi.principle_ is uvd jn severat samptinq mcrhods hherc rhe r,l,r.s;;e
more or Iess in a parallel order.

Ttu'squori ng' r ct hni que*
The sliver is opened out inro a web and placed on a black \elve(
pad. The end ofrhe stiver is then squared off a gt*" prute i, ptu..i
over rhe hbrrs ro acr as a conrrol, and a sma frin; isl"fr ".";.,i..be)lnd rhe-edse ofrhe ptarF. AII the proirudi.s EU*",,J ."i;.;.;
and drscarded. l'he ptare is moved back a Iillte and a second fr;nse
rs removrd. Apparenrly lhe erilent b;as has been avoided s;nce a"I
the €nds of lhe 6bres have terminated in a givFn volume. Dan;els(7. T?xt. hut.33,T137 942)) found rhar ir was nrcessarv to r€Deat
rhe.operation until the 6nal posirion of rhe plare edge was at ieasr
a drstance equai rorh€ lengrh ofrhe longest fibre piesenr from irs
onginal 

.pos;tion. Th;s is necessary b..a;,e 
".h€neie. a srrand is

broken rhere ;s a bias of long fibres at each broken fringe.

Tlv cut squaine nathodt
Where thr marerial is comfgsed of 6bres in para et order, e.q.
sxver. rovrng- and ) arn. a modified squaring technique may h useJ.
r he t\1.'srcd lbrms ofmater;al are 6rst unrwisred, opined our I littte.
and Jaid paralhl on a btack velvet pad. A glass ptite h ptrc.,l;;;;
rhe h-brcs $irh irs Ieadinq edge at righr angles-to rhe itrano aris.
rhe lrrnge rs cut across $ith scis_sors as near lo the slars Dlare as
possible and rhe fibres shose cur ends proiFc( .r.","*.jr.i r,,
for.eps and discarded. The glass prate h ih"n ..".d b".k .b;
I 

.mm and aga;n rhe projFcting fringe is ramoved and discarded.
r.hrs opcra(ron js repeared. Fina y, afrer a rhird mo\.emenr ofrhe
glass piaie. rhe tringe is removed and used as rhe sampte.
. For wool rops and simitar forms oI mat€riat it is rerommended
rhat lhe l.ading edSe ofthe glass plate be put ar an angte ofaboul
b0 degrr€-s io rhe slrand ax;s, and rhat rhe cut should b-e made at adrtance liom the end greater than lhe lrngrh of rhe tongest fibre
Pres€nt.

'Se B.S. Handb@L No. lt. D.24-
ts.. B.s. Handb@t No. tr; ;. eo.
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r.l nt 
'amblt 

ld th. 'L\te, )tarl. liortan aPpa'otu|

it . U',i. instrument is di..,*'d in ChaPrc! 5 hut it is of inler'sr
, n.Lc aL rhis noinr rhar th" lrrft ''l rrrrron 6l're on shich the

-.,.,*.."i.,i.,,"ae tan bc prcparcd 0om hhrc in 'livcr lorni

i" p:r...r, rclter pad and qla*, plare lor 6hre-' onrrol as\'rFmof
comb. is u.ed. t he l,ack$drd muvemenr ul thr elats Plat' ts rcl'ra' ro

by a s,vstematic remgval of toP and bottom combs'

A 4oninz Ech ique Jot rau colton

iiii. i,L "t',r,. mar.rial is not homoeeneous. a number ol sr-rh-

.;;;L, -*, l,e ralen at random from drffercnr places in rhe bulk'

fh. nr-t.' of sub-sampte< depends upon rhF degree oI hetero-

s€neiry o[ lhF bulk and may bc found bv expcriment or kno$n.b]

"-""*;""."- fl. melhod (hosen 
"hould 

satisfr rhe rFquirPmFnt thar

,.ifi."r" -nlpl* 'r'.rld lield rcs,.rlLs bers'en which rhe diff'r"nces

u'i 'ruri't;.rril i^;gni6canr. for slilers and rarn' rhe-mixing uh;ch

Lr. ,rr'.. pf^. arirg proe"ssinq has qteatlv reduced thr deqree ot
i"i.,.*.ni;t'. It is sriil pre"'nr. ' e ;n diafting uaves isee Chaprer

' ta",ll'. 
'rhen 

sampline from bulk material, sur h as a bale of ras

,oi,o", r'r,. ..q,i*d n,m-ber of6brs should be taken one bv one at

.""i"- fr.* b;f*.rt partr of rhe bal' Since thjs is impra'tit able

1r€ use a s-vstem \4'hose object is still to sample from as many parts

of the bulk as oossible.-- 
it . fotto*;'ie p.o..dur e is tak"n from the B S Handbook No ll'

' 
li ,is6:r. ris,* s.r is , pictorial rePresentation of the.method

','ed *hen pr.pi'ine " sampl' for the stapling rest by (omb so'rer'

Srep L Ftum the Lulk. " sampl( of about 2 oz is plepared L1

scle.tinq abour eighry iarqe rults rhos'n so far as is pos'

sible, over the bulk
SLeo 2. Divide rhis sample into four quarters

i,"I .r. i^l. ri"*".mall tufis at random from ea(h quatter' size
' anoroximatelv 20 me.

s,." '1. illi*rt.h"il be haived four tim"s, di"carded- alternatelv-*" ;il 
';eht ""a 

l.n hands and rurning ihe rufr thtough a

'iehi "igl. 
U.,""'" 

""ccessive 
halvinss' Sixteen 'sisps' ale

.h-"s oroiuced from each quarrcr sample'

Sreo 5. Comline eath set of wrsps into a tuft'
ii.i O. rtli. *.t ,,r, in turn bv'doubling and drauing'bettteen

the frngers.
Step 7. Diride each tuft into four paris'
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Step B. Obtain four new tufts by combining a part of each of the
former tufts.

Step 9. Mix each nen.tuft atsain by doubling and drawins.
srep IU. iake a quarrer from each ruft to ma[e the final sa"mple.
Nore: In St€ps 7 and lO the division ofthe tults should be made atright,angles ro the direction oI lhe fibre Iengrh. If th. diriri;.;;;;
i:lli** ll. tendency ir ro producf t\o parts differins in their
rengrh constrturron.

(6)

()

(2)

(3)
(4)

(5)

o)

(8)

(e)

(0)

F;€uL 3.j. Sadpti,sld th. ud ,tnpthg kn

Dr.. sanptins n?thodlu uoot ro givt a rundom nnptc
Th;s-method h suirabt€ lor sa;pting from sti\.e;s and sebs in uh;ch
tn€ hbres are €nrangled. The merit of thc merhod ;s the reducrion
to negligible proportions ofthe risk offibre b...k.S" pr.r.;,;;-;;
cut squaring merhod. The mareriat shoutd t. cipiUt. or fctnu
spread into the form ofa web without seriou, .iir,u,Lun... -'- '"

- | ne r'co rs stamped over I small rectangxlar area rr.ith a block
of brass, covered on one face wirh filter papfr soaked wirh a suirable
oye. rrrrres passtng rhrough the dyed patch and therefore having



a

!Y

F3
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undyrd ends are o€glected. Those terminaring w;rhin the pa(ch and
thus haring one or borh :nds srained are rale"n., ,h. ".",;". ft;;::having only one end srajned shoutd b. si"." .,ty h"tr r;.'a;,rl;;.;;
wf'ght rn rhe compurations. The size oflhe parch mu{ be aDDr.,.,i_
ate in area.and shape. For example, a sma'll parch ""d I.;;;f;woutct produce roo maoy fibres passing righr throueh. A d"erailed
accounr ol rhis method i5 given by patrnei (.7. T?;. \n,t. jg. T8(rs48)), and in Chaptcr 2 of W.LR.A. H;dbook, T6d,p' ad
Conhol. tsee B.S. Han;book No. t t, p. 23.)

T7u tong 
'anpline 

wth\d to gio. an ?xt"ert bi,!j,.d uoot ranlte
The sampling methods previously describ€d have hdd as rheir
ooJectrve unbiased samples, but in the rong sampling merhod an
exrent biased samp)e is obrained. In effect] the irioif , ".i. "isurgical.tongs.becomes equivatenr to rhe Iineee ;,i rigr,. t.!. iL;
malerial should be in a more or Jess parallet -a*, ,La *,fi**,
rovrngs and yarns .an be trea(ed in rhis way. After opening our rhematerial into a rhin flar shect, one pair of tongs ; i,".a io .i.-"
about.lhree groups of 6bres at right angles to rhe fibre dire"rio;.
I he clamped fibres are then remov€d from the rest of the material

and car-efully combed on one side ofthe tongs G.. Fis"r. ,.;tai;;J(b)). Aftercombing, a second pair of rongs-ct;.p" fi; ;b*, ;.1;;
cor4bed side ot th€ sample as showtr in -Figurc'3:a (c). caLe beino
taken to ensure tha! rhe limbs of both p"ir"-of tonq"'r i. ,","f;t rX
each orher and in contact. The 6rsl pair of tongs is rhei remored
and the uncomb€d fr;nge combed. The fu y combed sample is rhen
lransferred to a velver pad ready for funhrr testins.

Experjencellds shoun that Lhe Lesr rlpF o[ronq"-,o ,,. .,..*e;-
cal Iorcfpr Tlese have a rarr her gripping dericiand hare learher
on the_tace ol one limb and Iongirudinal flurc5 on lhF urtrFr. .q.t all
I'mT the aim is to avoid 6bre brrakage during clamping and comb-
'ng 

(see atso rhe W.I.R.A. Handbook T,,tini",d C;,!,;t, p.2 .

Corc lamlline of nu uoot
In addition to thc wool a bale of raw material contains other sub-
stances such as grease, vegetable matter, and moisture, and for
commercial and lechn;cal purposes it is neccssar y ro knos rhe Dro-porlrons ot the various materialq. The methodr oianolysis a,e eivenin the chemical resring section of rhe B.S. H"rdb;k ,"d ;(h;;shndarcl rcl€rcnce bookr. For accuratc dctrrmir,arion of the olo_ponrons ol woot, elc. a representativc sample of rhe bulk olrhe
matenal rs requirrd. By using the core sampting merhod it is posible



lo obtain samples from a number ofurLoPened bales in a del;very of

;J;;;;#;;. ,h"m (o form a rePresentative slrr.rPlr of the lot'

In nr;nciDle a narrow tube about 2 ft long and 0 75rn rndrameter.

r d,iJalli,i, 
^ 

rftr.p.utdng rip a( one end The other end is htted

i.i'"''lil .ir'"iai"'*i"'. *"n"ul pressure' coring -is 
used;

,tternativelv an adapter to fit a power drill is lavoured rn Amerrca'

1'#i ;;i. ; fi;i.ut in the'bale coveriog and the rubc either

i;;;i; ;";;;ii;.. driued in As the tube cu* throush the bare

ilr,"o;;;;;;;;*r;ot is ro'cea up the inside or the rubc A slir

il#;; ;,d" of the tube enables thi core to be ejected bv means

li""ti*ur. il,i.. rie ejected cores mav be collected in a plastic
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bug ,icrrred to th" top end of thc coring tube'

cutting tip /E-

Figa.3.5

Th€ core testine ofwool bales for yield ;s d;scu$sed in the W I R A'

N.*"-u.u...i.f.i ,..1 1962 from * hich source Ihe follow;ns err ract

is taken." iil. ..-*.r.irr ,, rpos€s about 2l lb $t ofcorr samplcs should

b.;;;'ili;;.;;iloea r'o'" uuout ?0 corcs using th€ *'.Aus-
ilri. i"t.. "' ^r.,,250 

cores using the Am€rican drill' when a

:.ffi;;;;';;.;. Mer;no "oot 
ibour I0o bates ar€ Processedi

.-" -lth rfre Austrafian tube one corr Per bale is ample Comparison
"";;;J,; ;;;; i;;;.f comb tesrs has sho\n this Plo'edure to be

'- ilii"r'.l* -.,t.a .fcoring is used the fol)owing conditiors must

be comolied with.
ir,-iiT *arfu .f,f,. bale at the time of coring must be lnown'
);1 il;;;i;;;; ;; .apablc orpenetrating to anv part orthe bale'

isi The tube murt be cntered in thc direction ol comPressron ot rne*' 
t"i.--.. ir,"iir'..ut is prrpendicular to rhc tavers of fleeccs'
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(4) Thc core in the tube must remain unchaflged whilst thc tubeis being withdrawn from rhe bale.
(5) Thc cores must b. placed immediarely in an air tisht container.
-, 

rhe rmportance. of coring ar (he time ofr^eighing in is obvious.the su_bsequent_yield dererminaticn U.;rg *tcrirrcj 
"n rte.o"aiiIlon ot rhe woot ar lhe time of corino.

.. 
The rechnical problems ofcutLing "rin 

design and maintenance arediscussed in drrait by R ober* ff.htt. tii:s2, T416 (t6di;j. Th;Amencan method Is given in (hc .4Sf,tI fianlbaai: .Coie Samplinsor Raw woot in pacLges for Determi*,i., 
"i cr*"'wili'titY

Presenf, .4STM D 1060 5B. A furrher reference ," "...;;ii.*l;tound in rle. try.t.R.A. Bu .tin Vor. 24, No. 3 (J,,r; tdti'A;
coring tool described in the nores abo\e was deveiomd i* rr,"
Uommonweahh Scientific and Industrial R.esearch drg"ri.'",i;in Australia.

YARN SAMPLINO METHODS

In general, yarn is available as a number.ofindependeni packagesand rhe problcm of sampJing is the seleclion of a sma nrlmber-of
:):l p"IyF:" ,--. i 'arge 

number. The popuration may be a frame
or nng boDbrns, a skip of mule cops, a bundle ofhanls, or a detiveruoI yam 

-on 
cones. O(her forrns of yarn wi 

"o aoutt o.cw to it lreader. Less convenjenr forms ofyarn will be found in fabrics. raoe-ano Drards, erc. rrom our earlier discussion we lnow that a randlmsample is preferred and for mill experimenrs ana .*""r.f, o..rt ."..rs.taken 
.(o ensure thai rhis t ?e of sampte is obtaincd. ii routinemrll l€strng, ho$ever. rhe n;.eties ot randomisation tv mea". "ipacks of ( ards and Tabtes of random ,,*t .," ... ""uii..J 1"",r,1interess ofspced and economy ofefforr. f, ,"*r ,ot f. i.f.r."J*i,.

routrne.mrll sampies are rherefor€ biased; rhe randomisation ismerely less reFned lhan in research work.

rh. L'. of nndon nunbos
ln Canbidg Ehn,ntat) Statiltiat Tables, Ta.bte No. B is ,Ranjom
Sampling Numbers . A short exrracr i, q;"., ;, f"f,f. f.f . S"i[..that hfty bobbirls are avaitabte for resiing and rtut t.n u..ii fisele((ed at rand^m. The bobbins coutd be numberqd ., ;.;;.;;placed in an orderry fashion on the bench in, sav. ;;;;;I;;i"::.\o. I oflng the first bobbin on rhc lefr hand end of the rop row. 'Corsulting Table 3.t, we read the numbcrs in pain..sta.ti,.
anyrvhere. The 6rst pair on the second rine h 7r, [;'i;";i:
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crcater than 50 wc ignorc it. Thc ncxt Pair k '[9' so into rhc sample

:X;il;; il. &:04 follows alrd 
'o 

tobbi" No 4 is th( second

XiI.l. i;.t"""i* l" thh fashion, ignoring numbcrs higher- than

io and numbers alrcady selectcd, thc final samplc conssts ol boD-'

Lins No.49,4, s, lo, 3i, ll,48,3B,3l, and 23'

'T.bl.3.1. R@don S.n ias NMb.n

,nfi 42 28 23 17 59 66 3861 02 10 86 I0 51 55 92 52 ++ 25

:Y;l;;;;;n; i;ii sizo rr s+ 48 53 e4m s4€ 5738

fifi Eii Z;;; ii 1; ises aosa 78 7r s7 18 't8 tr 06s7

*X;ri- s?ff ffi:? ii;l *l; :;3i llil il31 i:;;
a\ 01 77 g7 36 14 99 45 52 95 69 85 03 83 51 87 85 56

U;i t;i, s, i6 ,i 60 48 € 06 77 64 ?2 5s 26 6 5r

]j;i ;ifr ;rii ;ti, 8s 6s 2744 no e2 63 37 26 24

;ii A o; ii 6s a2 +z 70 51 55 tx 61 47 88 8:i es 3't

ili6 \;;; oi ;i 66 ,6 24 7t 22 77 88 33 17 78 08 e2

m 6,1 5q 07 4295 81 39 0641 2081 9234 51 90 39 08

H; 66e;;so rs {s 31 83 rsoT 67 tn 4e os 27 47

;i;6 ;;# ,irio l;os 48 88 5r 07 33{o 0686 3176

il;; ,oA ;s1i ,iM oe s6 6045 2203 52 80 ol 7e

;1;;;i;; ii 4i @oi (nlt 8s 21 r42e 552{ 8s7e

22 37
25 57
23 66
82 37
73 +9

2t 42
52 03
6a 57
33 8l
3l 96

There are other mcthods of using the Tablc of Raadom Numbers

""4;; 
;;;;; is again referred to thc sta dard textbooks on

statistics."1i Jri u. aDpreciaied that in addition to the numbering of

r".i.** f"r o',ipii^g, tr'. princiPle can be exrended to spindles'

i"indiig ,"iu, and other production points'

ixiipr,rs or sattPLINc MElrxoDs FoR YARNS

The followine arc extracted from the BS' Handbook and are

#i'iJ .-iii*i.",. r,ow sampling proced,res differ according to

the test consider€d.

Ttu d.t.r ination oJ)om cauat (B S 2010:1953\'
Takc a unit sampli of either sixreen or e;ght Packages.as dehned

trl6w- Unlcss otherwisc required by the materials sPeoncauon or

;;,;;il;;;' ;isuiro ro be'tuke" trom thc unit samPle for

;;;;'t;;;". wherever pracLicable, ta!c thesc steins from six-

tcen $cpaIatc PackagEs.

.se also B.S. H&dbook No. II, P l13
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For-spun yarns from cops, spinning lrame bobbirrs. rubes. ororherlorms ot primary package, take sixteen packages; the skeins

shoutd-be wound tiom rhe top poflions oleight olthipackages and
trom about halJ:.way through the remainine eiehr_

With.large packages suci as cones and c-heeL, take eieht oack-
ages and wrap lwo skeins from each: where tt i, i, a.". iil rLf--
abre 10 take one skein from rhe outer portion and one from niar rhe
mroole. ror contrnuous fjtamenr yarns, one skein only need be talen
rrom tne outsrde ol each ofsixteen cones or cheesfi.

C.o.unt.a{wn rcnowd rtonJab;( (T.xtit. rnstitut Tcntatiuc S!ftijet;on
No.31.1955'r
Cut.from the condi(ioned fabric ar least iwo rectangular suios con_tainingdifferenr warp ends for determining rh. 

"."ri, 
.f *"rp'r*rr,

il!- 1: 
hi": rive recransutar srrips represen(ing differenr wffr;ack:

ages ror detFrmrrung rhe coLrnr of\4eft yarrs. AII the strips should
prererably be.rhe same length and about 20 i,. t..g. rr,!i, *ia1r,
should be su.h as !o contain at least 6fry lengthS ofiither waro or
wefr yarn. whichever is under corsideraiion.

Tuit i,)am in padtaqe Jom \8.5. 2085 : tg54)
Take the test specimens in equal numbers from rcn oackases. no
specimFn being ralen from wirhin I yd of the end ofihe pi-ckage.
Allow a minimum dis(ance oI I yd b.t" ee" .o^..rrrire 

"p'e.i_e'^.

Lca streneth of rpun ranls
Take twenry packages. from each ot which a comptere lea mav be
wrthdrawn. II rr!enty packages are not available a sma er muliiole
o, Iour packages may be used. provided rhar in takine ruentv lias
equal. numbers can be uken from each package of a group offour.
e.g. erght packagesJ rhrce teas from each offour packigeiand two
Ieas from each ot rhe olher four packages.

sinek ih1d tr[it. k (Iar C.R.T. pndutun .r6b)
Specimens may be raken trom any rype ofyarn package, from an
unwoven warp, or tiom a woven or knitled fabric. Ar l./rr Grr_
Specrmens shall be taken for each t..r o" 

"i"gl. 
y..r";;J;*;;;

yarns of medium to fine counr, but rhe numb"er may b" ;d;.;d";
thrrly Io! coars€ two-pty and for cabled yarns. These;ha[ be selecled
so as to te repres€nrative ofthe sample.
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, FABBIC SAMPLTNG METI{ODS

Almosr every day the problem before the technologist in the testing
Iaboratory is the extraction of the maximum amount of useful
information from a minimum amount ofmaterial submitted for tesr.
This is often the case where fabdc testing is concerned; a sample
with pocket handkerchief dimensions or less js accompanied by a
request for comprehensive testing. Ofcourse, ifa number ofpatches
wer€ taken from random places throughout the wholc length of a
piece ofcloth a good sample would be achieved, but in the process
th€ piece woutd be l€ft full of randomly distributed holes and oflittle
value commercially. Therefore the expense of testing must be con-
sidered and *here the fabric is available in the piece it is usual to
take sampl€s from the ends.

Some practical detaik for testing the tensile strength of cloths
have b€€n reported by the staff of the Testing Department of the
B.C.LR.A. (J. Text. hst. K, Sl (1945)). Included in the article
are suggestions regarding the selection of samples which can be
usefully applied to tests other than tensile str€ngth dct€rminations.
For cxample, it is pohted out that the rcgion near the selvedg€s
olten posssses dighily differeat properties to the body ol the cloth.
Thcr€fore fabric within, say, 2 in. ofthe selvedge should not be used.
The reasons icr these differences will be appr€ciated whcn one
watches fabric b€ing woven; the extra strains on th€ yarns at either
sidc of the cloth are usually noticed and temPling will also have its
effects.

Firw. 3-6. Fobti. s.tullins
G,
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A second recommendation is that no two samples should contain
rhe samt_thrcads; in other surds, as many ofthe;omponrnt (hr€ads
as possiblc should be represenred in the sampl.s. Fisurc 3.6aa) and
(b) show how thh principle may be applied to lhc se"lecrion of'strios
of fabric for terls;lc tests. Incidentally, when wcft *ay strips are
selccted it is suggesred thar some of lhe strips should in;ludc fabric
woven from rwo \dcfr packag6. This is bcciusc the wefi tension at
the start ofa fresh package may be much lower than th€ lension at
the end of the old package, thereby giving ris. to a change in rhe
fabric slructure and some variarion in strengrh, 

"n 
.ff.ct k"no*n a"

the 'cop end eff€ct'.
In practice, the sampling merhod will depend upon the form and

amount of material available; obviously narrow fabrics such as
braids and ribbors will require different methods to those for \a,id€
fabrics. Nevertheless, the aim should always be to achieve as repre-
sentative a sample as possible wirhin lhe lim;lations imposed.

' FURTHER READING
.Sampting and LnSrh A,atFi! ot W@1.,7 n . !n,.. 25,.tt3}

(r93s)
ro-w N!ND, s. 'FdrhB Adyan.q in rhc Lnsth Analysi! of U'@1.' ,, Li. ,rrut_

29, T55 ( 1938)
D^nrErs,.B. E. 'A Nd Tehniqu. for rh. Analysi! of Fibrc Ld$h Dnuib,,rioq

in W6l.' 1. T.,t- IBt. Xit, Tt31 (t942)

^N-.o.'PracricdD.iailsinT6ringClorhsfo.T.nsilcStterat\.'J.nrt.Ian.?,6,sr (1945)
p^ LU. i. e. c. 'Th. Dye Sampling M.rlod ot M.durin8 fibrc LftBrh Di.r.ibu-

iion.rr. r.r,. /6r.39! T8 (19481
! oN,E. (Ed.) 'T6tiDs dd Conrrot.' trl@t A,r. Vol.3, Chap.2 (W@t lDdusric

R@arch AsociadoD, 1955)
ao_lrRrs, r !. 'Improved Too!. for Sampting W@l by prsure Corins.,r. r.n.IE. 52, T416 (1961) lioprR, N. 'Thc Core T6r lor D.kminarion of W@t yi.td., T.,L nUL p. 2tl

(r963)
D^rtD, H. c-DowNEi.J. o. Th. Va.lidny of pr*ure Coring tor Erimatior ofrh.

Conror of Bs M.dic in w@l8.t6.,J. f.rr.Iar.5a, ir*t ttSOUlrurcy^NN, v. D., ed D^vrD, H. c. ,Pr.$ure Corins I r S.mDlin, T..hninu.
for D.rcmn,ado. ofrh. R.B.in ofS.our.d w@t.,r. ror. r-; SZlrer rrgki

co_LDrHwarr, c. !. 'Pr.paBlion oI v.ry SmaI RQr4ntadv. Slmpt6 of R,wCottd.' T.,t- R.'. J.31, p. r0.l2l (1964)



4
MOISTURE RELATIONS AND TESTING

INTRODUCATON

Some of the most important properties of a textile 6bre are closely
related to its behaviour in various atmospheric conditions. Moet
fibres are hygroscopic, that is they are able to absorb water vapour
from a moist atmoaphere and, conversely, desorb or lose $ater in a
dry atmosphere. Many physical properties ofa fibr€ are aliected by
the amount ofwater absorbed-dimeruions, tensile strengthi elastic
recovery, electrical resistance, rigidity, and so on. When in labric
form the moisture relationships of a fibre play a raajor part in
deciding nhether the fabric is ursuitable for a particular purpose.
The imporiance ofthis point is appreciated when fabrics for clothing,
both outerwear and underwear, arc considered. Additional factors
arise in these cas€s since the structural details of the fabric can
modify the apparent b€haviour of the fibre. For example, fabrics
woven from a hydrophobic material such as 'Terylene' can pick up
water by a 'wicking' actior along the fibre and yarn surfaces.

The mechanism ofwater absorption is a subj€ct beyond the scope
ofthis presentvolume, but perhapsone or two points would be useful
to bear in mind. In an orderly array ofmolecules the side chains will
be linked, but in a random arrang€ment a number of free links or

--Thooks'rvill be available- and irth€v are ofa oolar character ti.e.y'' passessing an attraction ior polar chem;cal q;6dF sncT-rfita; i-
OH, carboryl COOH, carbonyl CO, etc.) then water molecules can
attach themselves. Orderly alra) s ol molecules occur in the crystal-
lin€ regions ol the 6bre structure and random arrays in the amor-
phous region. For a first approximation u'e could conclude that th€
absorption of water takes place in the amorphous regions. 1'his is,
of course, a simplified explanation of the absorption of water by
6bres and thc literature should be consulted for a detailed discuision.

An entertaining but neverth€less thought-povoking article by
Hearle is entitled 'Moisture- Friend or For ?' ( Skilllrz's Silk Ra2. Rtt .,
p. 640 (June, 1955)), In rhis arricle thi :ielvs of numerous workers
in this branch of tcr(tile sciencc are dilcussed, some of the apparent
contradictiorB cxplaincd, and many confused idcas on fibre/moisture
rclatioru chrmed. For a fuller treatm€nt ofthc aubjcct, thc read€r is

99



IOO PRINCIPLES OF TEX'TILE TESTINO

refeffed.o Mo;stwe ifl Tcr,ilrr (Eds J. W. S. Hearle and R H Peters)

{Texrile Incr;tutF; Butteluorrhs. London. 1960): a^d also Pb! al

bnooris ot Textib Fibr"r tds W t. Morron and J w S Heatle)

rTixrile I-nsritute; Burr.r$orrhs. London' 19621

REGAIN AND MO1STURE CONTENT

Th€ amount of moisture in a samPle ofmaterial may be expressed in
terms ofRegain o, Moisture Content.

Resain is-de6ned as rhe weiqht of wa(cr in a material exPressed as

" o.."..r,,"no of the oven drv weiehr (oven dry weight will be

d.ined sho-rtlv). Moisture content is rhe weiSht of t'ater in a

material expre'sied as a percenrage of rhe tolal weight'

L€t Oven dry wc;ght : D
Weight of u'ater : ,47

Regain : .l?

Moisture content : M
Then, toow toow

R =- ^nd M=-
D D+TI

n
arldM:+

l + (x/100)t - (Mlt00)

actual vaPour pressute

Atrulbh2tu eonditions a,1d rdatiaz hmiditl
emo,is orher thinqs, (he resain ot a textile material depends upon

ttre ariount ofmoisture prcs;nt in the surrounding air' The damp-

nesJ of the atmosDhrre can be described in terms of humidjLy"

eith€r absolute humidiry or relative humidity. BoLh rhese (errns are

defined in the B.S. Handbook,
AbroLutc hanidig. T:he weight of water p'*ent in a unit lolume of

moist air, i.e. griins per cubic foot or grams per cubic metre'

Relattui hunlditl. Thc ratio of the actual vapour Pressure to the

saturarcd vapoui pressure at the same temperature' expressed as a

p€rcentaSe.

x 100 (per cent)

saturated vaPorir Pr€ssure

An altcrnative definitioo for relative hrrmidity is the ratio of the

absolute humidity of thc air to that of air saturated with l'ater
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r'aDour al rhe same temperaturc and pressure This ratio may then

l,e'exuressed as a perceniage At ordinary temPeratures such as those

u, *ti;.h pto..rting r.d Gsting are carried out, the two ratios are

:lmost idintical. It is convenient to describe a given atmosPh(re rn

terms of relative humidity rather than absolute humidity because

the resain of textile materials appears to depend upon the relative

lumidltv rarher than the actual amount of water vapour Present'' 
iince'tt 

" 
telutire tr"mid;ty affects the regain of a texrile material'

in.l since the DroDerties ofthe material are inffuenced by (he regain'

ir l, ,,ec.""ury'to lp"cify the atmosPheric condiiions in which testing

should be carricd out.
Stdndad atnosbhsr- This is defined as an atmospherc at the pre'

.,ilino baromet'ric oressurc with a relative humidity of65 Per cenr

,^a .'t"rno.tutrt" irfZO'C (68'F). Ccrlain tolerances arc allowed'

T.ltins ;bnosblvt.- An atmosphere for testing is speci6ed as one

with a rilative irtrmidity of65 P€r ccnt Plu! or minus 2 per cent and

a temDerature of20o t 2'C (68' I 4" F).
ln irooicat and sub-tropical rrgions thc dimcuhies of achieving

, ."-o.io,r.. of 20" C are understood and so a lugher standard

t..peiutr.c m.y b. uscd-27' I 2'c (81' 1 4'F)'

'HE 
MEASUREMENT OE ATMOSPHER!C CONDTTTOI{S

The instnrmcnts used in the determination of the humidity are

1..*r,," brtromet * or psvchromctss, There are method! such as

ii. -."i-ift.. chemical, and thc dew point methods which may

be u_sed. but as thcv arc not commonly used in testing laboratories

". -ilts rhev arc onlv mentioned herc in passing Details of these

-.rt'ods wili be founil in standard phvsic textbooks'

The three nrain types of instrument are:
(l) Wet-addry bulb hygiometer
(2) Hair hy$ometer
(3) Electrolytic hygrom€ter

Ttu u.t-onl&r bulb hprcnutd
irir,. lrfu ofi **"io--cter is surrounded bv a wet steeve of muslin

ir an atmcDherc which is not sal.urated, uater evaporates into the

ai, ur o tur! which is proPortional to the ditrerencc belween the

..t'"f f',rrniaity ara yiO e.. cent humidity, i e satur:tion condi-.

tiof;*,h... 
,in.. the rvaporation is accompanied by cooling,

,.rnp.ru,ri. indicated by the thetrometrr will be less lhan

Prin, oI Texlile -8

thc
thc
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room tcmperaturc. By mounting identical thermomctcrs in a f.ame
and arrai€ing one of lhem to have a wet muslin sl€cve ovcr its
bulb, two temperatures can be read d ectly, thc dry bulb and the
wet bulb. Thc diff€rence is noted and Tables consultcd from which
tha p€rc€ntage r.h. is dcrivcd. For examplc,

Dry bulb reading
Wet bulb rcading
Difrercnce

:680F
:61.F

R.H, per cent from Tablcs : 67

A typical instrument of this type is sholrn in Figurc 4,1. The
muslin sleeve, or wick, dip,s into a reservoir ol distillcd water. A
Table is pdnted between the two thermom€ters' For factory use this
type of hygrometer serv€s its Purfose, but, due to mdiation cffects

and lack ofsuitable air movement around the instrumcnt, the rcsults
arc not sufrci.ntly acclEate fo! use in tcsting laboratories.

Alrcmativc designs ofwet and dry bulb are availabl€, such as the
sling or whirling hygrometer and the Assmann hygrometer. Ir1 thc
slinshygromet.r the thermometers arc mounted in a frame pivotcd
on i handle. This enables them to be whirled round at 2 or 3

rev/sec so that the air speed past the wet bulb is at least 15 ftlscc.
After about , min the whirling is stoPped and .he wet bulb ther-
mometer read immediately. This procedure is rcPeated three or

FicN, 1.2. ln-dLtl', bd' bstc
tut t,Slir,tt lll ht. tob.r\

Fitd 1-3.lsM-W hxttukt
(t, n. d.l
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four times until a minimum reading is obtained. As before. rhe
difference berween rhe wer and dry bulb temperatures is notej and
Tablfs consulted for Lhe percentaqe r.h.

The Assmann hygrometer is a more re6ned inltrument. T\ro very
accuraie th€rmomerers are mounted inside a prrcpex casc with theii
bulbs in separate air ducrs. One bulb has a cloiely Gtting muslin
slecve which is wet our with distilled water. A clockwork-or elec-
trical)y driven fan draws air rhrough rhe ducrs and past rhe bulbs.
When rhe wrt bulb rhermometei indica(es a sleadv value borh
thermometer readings are raken and the percentage r.h. calcu)ated
from rhe Tables. Figures 4.2 and 4.3 show Sling ani Assmann rypes
ofhygrometer.

M.ftuDrin-st iLt|run nlt
Hygrometers are available in which the mercury of the ther-
mometers is conrained in cylindrical steel bulb,s, rhe dry bulb copper-
plated and the wet bulb covered in tin. The Uutts can be moJirea
some distance away from an indicaring dial on which (wo pcns trace
out the temperarurc changes on a circular chart which rotates either
once p€r day or oncc per week.

Fi,E. a.a. rhdtuhtttutt th (t4t I h.tt dAdth7n,)



MOISTUiE RELATIONS AND TEST1NG TO5

Ttu hoi htuorwut
H;;; Ii"l; h; the properrv of lengthening or shonening a! rhe

irrmia;i, 
"f,1" 

trrr""rding air increases or decreases By anchoring

"i""J,1rr,l*,. " ""itabli 
lever svstem. the relative humiditv mav

i. i"J*..a directlv and, if requ'iied' recorded on a chart Great

"."',.*r " t* a.-.d with thl tlpe of irstrument; for erample'

io *l,t ii, s o. + p.. 
".nt 

for lhe range ofhumidity 30 ro B0 Per cent

"iJi.-*."iwJso" ,. 70' F. A co;bined temPerature and-humid-

;;;;;iilir",--.nt, called a 'thermo-hvgrograph" is shown in

ii"*" l.+. ?fri. uses a bimetallic helical coil for rhe temP€rature

#;;;"; ;;t; band of hrunan hair for the percentage r'h'

mcasulement." fft. -"i" "ar."*ges 
oflhe hair typ€ ofhygromeler are rhe dirfl:t

*J;rrns arra rhe eliiination of the need for distilled water' L'rs-

;:;;;il;.-; ;';;.t, however, such as the rrequent caribration

u"";*t i **. precise irstrument and the rather slow resPonse to

cianq€s in atmosPheric conditions'

T\u .Lctrobti hlercm,tc
ii* r,.-i.f ,ir,s type of instrumenl is an €lement consisting of a

;;;;;;; ;;;.;; phtinum'clad electrodes Round these elec-

i;.; t 
-;;; 

1, "ll.l' "t *.v fir\' fibres impresnared with a

.;;J, ;r.h ;t lithium chloride, which has the Propertv of very

;;;il;,;t"; equilibrium urith the surrounding atmosphere

i{. li.".Jr.!i",.".e of the chemical is governed bv its moisture

content and so, if a corstant roltage is applied to the element' lhe

current flo\aing wiU vary wilh changes in the percentage r'h ol tne

"i-*rr,.,.. fn. ,u'iai;"" in curient h t'ansla(ed into Pointer

rnou.it.rrt o"... ".ut. 
or dial graduated in Per cent r'h'

"-itt"-"ar""tug. 
of *ris type o}irstrument is its raPid response to

.h,nses in the iumiditv ofthe surrounding air' onlv about- { min

i.-r"r.".r.J U.f"*.(e direct reading can be tak€n In addir;on'

;;i;;;;;;,a,re needed, thererore rorced air circulation is

;;;";;. wh;'; required, oi coune, the instrumrn( mav be

mod;fiett tir produce a permanen( rccord of the chanqes rn the

perc"ntage r.h.

",. "ON"O' 
OF TI1E TESTINC ROOM ATMOSPHERE

In the orcvious sections the insrumenls describcd are those used in

,* ir;*^ t of the percentage r'h, but ir is oftcn necesary to

"r"ri,fr. "t-.tpftU"'conditioi's 
of a work room or testing labom_
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tory. Somc ofthc instruments describ€d can bc modificd !o that anair conditioning plant is controlled by them. Such cont.ol'i;i;_
menc! arc referrcd to by rhc makcB as .hygrostars, or .humidostaE,.

.One controlled syltem is shown in a simpliGed form in Figurc 4.5,
which reprasents rhc systcm uscd in the icsting I"b"r"t.; ;i ;l:
Bolton Tcchnical Collegc. The rhcrmoctats and hyg--.r., 

"ont"oivalves opdatc by comprcsscd air. Thc air input t,iitre conaitllnir-
plent may comc from ouside or be rccirculated air, or a mixturc o_f
both. In all irBtancc! it is Eltcred bcforc hcatinc and conditio;i.o-
A fan blows rhc conditioncd air into thc labor"io.y rt rougl, ,p..[i
ducts with louvred outlets in rhc cciling. All th. *iiao*" 

"?. 
a'o"H.

glazed to prrvcnt condensation in cold weath€r, and double doors
arc uled to prcvent unwanred air corn;ng in from the corridor whcn
pcoplc pals rn anid out ofthc laboratory.

Tt r.(.Noq.rD ll..:i-,\_-/ Eaaa

L19

Figo,1.5. Ai...i.!ition;as,ttdld h.r.,ti!. t ltiis tabdahryat BottD Tthriat Coths.

---_--_i__--_----__----

I
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where a larse air conditioning plant is not justified a s€u'

contained unitlan be installcd. In the Reynolds and Branson

automatic unit two'towers'are used, onc fo! adding moisture and

one for subtracting moisturc from thc air. Each towcr draws in air
from near floor levll by an exhaust fan and discharges the air in.an
uowards direction. Thc wetting unit consisls of a doublc walled

cilinder which is pacled wilh either 6nc washed coke' Pumicc, or
t'irh 

"ontt.t 
oorcclain rings. A sprinkler fed from an automatic

siloning tu"k le.p" thc uni-t saturited rnith water' The drying unit
contains silica gel for the drying agent.

Tabk 4.1

H,PO..lHlO
Licl.Hro
KC.H"O.
C.CI'.6H'O
Caclr.6HrO
Zn(NOr)r-6H'O
KDO'
ca(NOJ".4H"O
Ca(No')r.4Hro
NaB..2HtO
M8(C!HrO')r.4HrO
NH.CI + KNO,
NaclO!
NHICI
KHSO.
Z^SO..7H.O
Nasor.THro
Pb(NO!)r

rtu TrblG thoyr dE (l.rn. nund v pccn!'F '! 'h'-
ii:;;-i;;l;d;,.d " 

i, Mb' ' 
;nh r urr.d rqu@u

;i;;; ;i;;;i; -rid "hE. 
(N B. -Thnrrbk L' 6'

;-;;;.;; L; th. H;rb'"r'.i.La nt,dadPt\ti'"d-

Ch.minry l rh; Ce ln uk
ohio.))

cnshnt humidnv m.t b. 4hi6'cd bv usirg loturionr of rulPhnri' a(id at

aid*."iJi..iii* G p.i db@^ o! aan 'ttt 
a d Pb't' (35rh Edn') P 23 r0)

Thc automatic control ofthe humidity is accomPlished by means

of a sensitive hair suspension which, in conjunction wit'h vacuum

relays, operates the wetting and drying tans TemPeralurc control rs

I
l5
20
3l
35
+2
/t5

5l
56
58
65
7 t.2
75
79.5
86
90
95
98

tlte.c)

2+
20
20
24-5
t8.5
20
20
2+.5
.r8.5
2p
20
25
20
20
20
20
20
20



ro8 pRrNcrpl-:Es oF rExirLE TtsTtNc
provided by a rhermostar ically conrrolled hea rer of I I+W. The roomtemperature js broughi ,o \a ithin a lerv degrees of rhe d;.1;; .;;-rroned r.mperaiure, preferably by a space heating s\srem rrhi;i

reasonably constant tFmprrature. fn-e i t<W trear.,wnr rnen rarse rhe remoeralure to. and mainlain it at. the desiredlevcl. As in the case of ihe Jarge scale system, ir i. d*ir;;l; ;;;;;double glazing and double doJn. On a'n e,en smaller scale. a cabi-net can be given automaticany conrr.oled humiditj..d i:;;;;
To obrain various percentages of r.h. in a small cabinet a simolemernod rs ro use solutions of different acids and salts. When left rorrach equilibrium in a given space ,h.". ,"tr,i.^ pr;r;;:;;;;i;

steady re)arive humidities. Thise solrt;ons rrd ,h;..;.;p;;J;;
r.h. percentages are given in Tabte 4.1.

Figr/, 4.6. R.sa;n_titu .u/a., onn h2no6i,

RJ]CAIN_HUMIDITY FELATIONS OF TEXT I LES

Suppose r$o samplrs of rhe same material h.ere laken into a eilebalmosphere, one complerely wer and the orher dry, and at inrerrak
or trme lhe regain values for each were derermined. B). plo ing therega;n aga;nsr rime for both samples rrvo curues would be obra]nedsomethrng lLkc those in Figure 4.6. The regain chanses fairlv ouickli:ar.nrst and thfn.more slowly as equilibrium .oraition. ui.. ,p-proa-chrd. (-)nc m;ghr expe(t rhar the tu.o curves uould meet, birtcunolsty enough rhe equil;brium regaio values differ. The samDh
\4hrch rvas orig;nally wet has a higher regain value rhan rhe orh'ei]an eflect known as .hyster6k' (look up the hystelesis effect inmagnetsm ,or comparison), The behaviour of teitile materiah can
T ::rdl.d ligl rhe curves produced by ptorting regain against
rela(ivc humidity (sec Figure 4.7). Culre e L rl. 

"-U*,:pri". 
.-r..,

that ls, thc regain-r.h. percenrage relalion aJ a material takes upmo6turc, (;urve D ir rhc dcsorprion curvc. Thcse curves havc I
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characteristia sigmoid or 'S' shape. It should be noted that the de-

;;;;; i;. Eocs not follow Lack the absorption cune For in-

stairce. ooint b is the equilibrium condition at 65 prr cenl r'h when

"""..iJf'.a f-- tf,. ".t side, and point a is lhe eqr-ritibriLrm reqain

"Ii." 
-"""r*.f'.a 

from the dry side; this is the hv3teresis eflert

-.ri;o.i.'J .".ri.' e.ample which absorbed moilure up to poin( c

,"ria, if ,1" atmosphere bec-ame drier, fo]low an inrermediate

.."...'f-* ."-. e' io curve D Similarly, a whole family ofcurres

could be drawn to illustrate varying conditions'

Fiad. 4 7 Abn,tiedtsdlti'n @"

Absafition cuflcs of l)ariou naLcriak (scc Figwc 4 B)

Thc ioltowinq should be noled w;th regard to absorPtion curves:

il"'ii,. "irnir*l'" 
of rhe seneral shipe of thc curves' s-shaped

''' ;;"i-il4;";i.,.'avo,,It" th' ucetute *olecule the oH groups

Jiiiliri*"-*r',.r, j,tr".t *ut.' are replaced bv the aceta(e

nrouos which are retatively lnert and do not aitract waler

i.pilry; tf,"..l. 
^. "f,rrp 

inirease at rhe lower end ofthe ruwe'

I
c,
P

lP'r "nt)
c , .oi@n

N - nvl@

FiEs. 4 .8. Ab'dlnu .@4 tot uti'u nokr;al'
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2) Wool and viscose myon- exhibir similar ab,sorption curves.
Lrrtterent r€sults appear for variout wools, dependine on the
prevrous hisrory of rhe material tested.

(3) Thc low absorption properries ofrhe synther;c fibre nvlon is oneol the reasons Tor rhe difficulties of dyeing and nniihing such
material.

(4) The intermediate posirion of cotton berween wool and viscose,
and the syntherics.

Son. fa.tols afccting the ftgain of k tib nahiak
Rdatiw hutnid;t - Thb has lusr been discussed.
Tinc. A matenal placed in a given armosphere takes a ce ain

amount ol rrme to reach equilibrium. The ,rate 
r..rf co ndi tioning. de_

p.nds.on scveral facton, such as rhe size and form ofthe sampli, rhematerial cxternal conditions, etc. Tbe rare of change 
"f ;";;;;content_is discussed by J. Cran} in Chapters 7, B, unj 9 of rhe te*r-

book Mol'tut. in T.xtitr!.
. Thii-time elemrnt-is reflected in the procedures for resring set out
'n tnc B.S..H-andbook. For example, in resting yarn for co-unt it is
recommended that: .prior ro reeting condition ihe sampl"s in tle
atmosphere tor tcsring . . . for nor less than one hour for vain in hank-
and for not less.rhan three hou's ofyarn in a o,h.. ,ypJs.fp;.k;;;
and reel them in that atmosoherc_'

T.nfuarurc. For pracrical'purpases the effect o'f temperature on
regarn ts not mportanr. ir is the relative hum;d;ty whiih plays rhe
major role. A change of I0" C wilt give a chans! in tf.,c i.eli" "icotton ot about 0.3 per cent, but since it ;s unlikily rhat rhe'iesting
room temperarure will ever be I0. or 30" C th is effect can be ignor edl

Th" pnuioa hLto? oJ ttu sanph.It has already been se." r,i" ,r,.
prcvrous hrslory of rhe sample can affect the equilibrium reeain.
I he hys(eresis effe.t is a good example. processins c,n ako ch;",.

rhe regain. When oils, waxes, and other impuritiei are removed rie
regarn may change. The official regain for scoured wool is 16 mr
cent and Ior oil-combed rops t9 per (ent rsee Table 4.2t. In ihe
srudy ol rega'n-vatuej rhe phlsical and chemical hisrory of rhe
mateflals must therefore be raken into accounr.

rtu intoptplation of ftBain Datuu, absorptian and dtsorytion ru .!
A word ofcaulion is necessary here to prevent fahe conclusions hcino
drawn from Tables of regain and the eraphs of the r.h__reoaii
rflationships. The moisturc retationr of thill,. may not be djr;rtt
lelated to the moisture relatiors of th.yi 

"r 1rtri. For example,
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rabk 4.2. AU.M B&d on tls Dq W'itht of iu SahF wi ba Ct'@iat

Adlic hatrd-lGittins Y.tu'C.iri,i* ."i-i. ""p[ "p" 
end )o-3 produdd bv thc "-r

Pollsnid. 6 (nylon 6)
Poly.mid.6 6 (nyton 6 6)
silt

i -i"" .i"pt. .p..nd vartu Produed bv !r'' w@l

ri

.!*

6
!l

t2
1
4

t2

Caboni!.d c.!d watc

NolL (NobL, Lirtd. or Hold.n @mbed)

Noib ( Schtumbcrgq)

Thr.ad w6!. (sam.(r.d or D..hoidllv Puned)
ii'.J ** ii.t t"-"r.d or mechenicauv Purl'd)

Y.B iw@lt.n dd rcnt d)
cloth (w@I.n dd wont d)

't7

t1
t7
'17

l8l
l4
l6
I6
l8l
t6
181
l9
l8l
I6

fabrics produced from hvdrophobic fibre such as'Teryltne'can hold

i,"". "Ir""r" "f*.,.', noi;, tt" 6brc but oa thr fibrc and varn

";.?;:;;1;J;; wirh larse surrace area! avairabre can retain

;;.iI;--;;;,iil of free -ier' The problems. confrontins rhe

r..ir""t"ii"i when designing a fabric for a rPecrnc purPdc arc

obviousli made even more complex by lhc changes rn riore De-

;;;;;i;;-;*bled in particular structural forms' The wetting

#;;;;;6;;" or tiu.ia iu a subject on is own and the

reader is rderred to the litcraturc cited'

F,anfiLr to ittultruk so,nt .[au of r'goin on ibt' pto!'rti'!
n;--";*. etsotpLio" of moisture b accomPanied by changB rn

,r'. ai-.nrion. oi 6bres. Sweuing is mostly lransversal slnce tne
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Tabh 4-3- Diruntiuat Chans., Duc to Aberytion oJ Moirtt

54. irs l%)

cotton I zr", I r.r.,\a@r I 2s.,, Iij.Yiscose I *,,, I +.0 .2.0,,,

Acra(e | 8,,' I o:'uNylon I tzn' I r;n,sll. i ,s,,, J rj i.z*
l Jjl 'i swollen diftnsion - .ttu aimn.i^-

\a(er molmutes penerratetetJrfen rhe mure or les parallel molecu_rar charns and Fxrrr rheir forres outrrards-see ,fabl;4.3). Ahhough
the TaLle.shoss rhar rhc I,:.:grh of rlre fihre inc,eas.s'du" ro 

".b_sorDeo mo/sture. lhe ncl rFsutr ofab,sorbed muisture in fabrics is adfcreasein lcnerh 
.r.e. shrinkage.. again 

" 
fr..,i"" 

"irh. 
;;;;;;;

ot. lhe hbre assembly ralher than rhe jnherent 6b.. b.i,"ri.;;.
Drmensronal changes in rhe iabr ic as it passes lrom one atmosphere
to anothcr may re.ulr in rhe urinkled appearance ofsui!s railoredrn one a(mosphere and u orn in orhers. especiall). in i Iimates M hercnrqn humtd,hes ale lirund

r ,r:! I swouen diftnsion - dq.dimtuion.. . Nbre: Swellins : 
-.. --'.-. .--

-;n.,i "v ''."^"i";- 
Y loo lP'rc'nrl

: , :(:l) Moeh*d. T.,t_ R6. J. rj, s6 (ts+7)
i(2) Va,to and Or. .Criruto:e,n; C.lt.t"* Dci*tna., Hith pottur-

^ \bl. V, p. 4 t2 flnre,scienc.. Nry yo,t, l9{3r
13, Abbdr and G@dh8\ ,. T;L tn q,7232 \tg4g).L, z&o p.ston and n-imk^i j. r^t. ki_ &,paTi lsis)

-t

-,-19lr"o*. 
ofsudling h raken in rhe dFsign of warerproofs. A

close wfave can te ,rsed which becomes euen cto5.r as rhi com*_
nenr yarns suelt. rhus pre\enring ,t " p.r.,-i;." 

"i".".. 
'""'*-

.,-tlahrni.al hrcpotnr. The gen.ral effect of warer mole.ules ;n rh€nbre a ro reduce the size of rhe forces holding the molecLrlar chaini
l:.c-elherl 

rhelcb:/ *eakening rhe nu*. r r-i,"".,i-....pir"," 'ii
rhls are lound when lhe vrgetable 6bres such os coron and fla* areconsrclered-an increase in srqlgrh is noLed.) Nor only is the maxi-- mum strengrh rcduced lrut (he srress.slrain .ur!e assumes a differ-
::*T; Th" yi.]q point may.be shifred, a"a .ppriJ l..ai *i;.i
on ory nores \4outd not cause damage, may srreas the 6br6 belond
lhe lowered yield point.
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Orher me,hanical proPerties aff€cied -by regain include ext"n-

.r;t,;, .;;;,; ;;;;'.,i. dexiuurv. ana ahrrirv ro be 'ser'h) nnish-

'"1I):;::;;;',"r.,,,.,. rhe rrrore and ar,er'effFcr ormoi,rure on thF

. .lll'r.,i,i';'i"".. .i t"*L;1. mur"iut' i'*ost srriking The Iario ot

:i'. ;..,;, #; ;i';'"";.g,i " ".a,' r'r gt' r"gain can.be. or rhe.ordn

li l,na."a, "r ,lo*.rni" ro on', a circumd2nr e which has led to

il'H;;;i;;;;;;e meten based on the mcasureirreirt or resis-

rance values of textiles.'" Ai""""i*,.;."i 
"-oerties 

affecred Lv rhe amounr of moisture in

'.;;i.;;i ;;;;: ;i"'t..i,i. .tu'u''"ii"i" and the sur'Fptibirit)

i. static troubles. Changes in dielectric charact€rstrcs are a source

:;:;:; ; ,h.';.;;;;',".n, or tt'' irresurar;tv or d;\'rs rovinss'

.rj i.*i." i.p*i'v tvpe tesren lsee ch:nrc 8)'

In oro(esses where the regarn o' t* p'od"t is reqrir.ed to be

reasonablv constant, e g. in warp siTing and (loth. nnrsnrng' uo'r'

tL" 
'.s;srance 

and rhe dielectric effecis ar' utrlrsed rn tne or\rslt or

lll",'"'"i'"ii.i.-",'in. sii,i.v rl..t,i.il Hlsrometrr uses the resrs'

ir"..-r'i'.i"r. rra (hr Fi;lden Drimer"r takes advantage ol the

:::l'":'i;':;:.; ,*. rri."..+F, r'**, (sept and Dec ' rs4s)\'
"'HHi'#;:''ii;;;;il,;;. is absJrued bv textire materiars

"JJ'i:;:;;i;;;; 
ii.J heat is rer'rred to as the'heat orabsorption"

[:'-:: '* il;;t"hi oi" "..pr' is I s and it is then comPletelv

i:i'.:r: J,'.' ;:l :J".i'J, ..p'.'-'.J r 

" 
-'"tories per gram or"drv

-^terial. is termed rhe 'heal of wetting A Dractrcal exampre or t '
iffiiiJ,::';i:;il;i.ct is seen wh"n crorhing is considered rn

ili#J:;;".#ili;g i.o*;"ao"'= to o"tdoor:,sualv goes rrom

;;;;;.. *irr' 
" 

to* percentage r'h into a rold environm"nt

i' if ;';l-h.; ,.;;;g. 'lh rh' iegain' partic.lartv of the-outer

;;;;;;:l;d.,* u,'i h.,t is srnerated' so actins as a buffer ro

ti:':;::^;il:;;i;.i""g; i' i'-p'**" \'hich the bodv wolrrd

ljii..*i.'"'ii.i.'u;.a;th:in Fi'lr &i"r'' chapt'cr I2' gives some

e,,,... fo. iff*t.ut;on:'In Pats;ng from a room al lB" C and 45

::;::;;;; i;;;; .,tside itmosphere ar 5' c and e5 PFr (ent r h '
I ',-":. *".ii.' l".l't 

seighing I kg u;ll produce 100 000 cal ot

ilI't..';;;';;;, ^ ,3.-,"r bodl metiborism slt producc in

' Tn. 0,..., appliration of su(h theoretical tacts in the des;Bn of

a".ii"" i. .., lJ.i*ple as it mishr aPPear ar 6rst slance A recen(

:iil;'f ;;;;.;;;'ioJ*.rr "ia asio'iar's in \^hich rhev di\cuss

,i. i,r,t"i"[*r.a vilue of sorption in clo(hins assembli$ (' 7'rr'

larr.'56, T624 (I965))'



The merhods r:mployed io thf d.rffmination of reeain varv inrefinement and accurac'. and rhc merhod .t ".." -"1, i" al"j.,i.l
telated ro rhe objecr of rhe resr. In res€arch u,.rk 

",..i 
;";;;1,.

usualty demanded and a period ofseveral morth"-mav t...q"il"j
to complere 

'he rnei.urement. For many mill p*p# ,p;J;;;
rs ess€nrral and one olsevcral rapid but les accuiare mithods ma,
De used. Ior commercial purposes where goods and marrials arlt'ought on a^ wcight basis, certain official allov,ances have been

l!l:9 rp., t:i rl: ,.lious rypes of materiats (sce Tabre 4.2). These

'14 
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TIIE MEASUREMENA OF REGAIN

values are only.ay'proxiaatr, rhc regairls whi.li ,t. -",..i"-i"'*"riiexhrb't when in cquilibrium with a slandard atmosoherc. Th.r;,,,:1.*:,",r: 
i.:+ l" rh^e caicrilarion ofinvoice weights.

ren. ot regarn, r.e. rhe weight of moisrure in a
as. a.percenrage of the oven dry weight, ir

icmeihod ofmeasuring regain musi bc to"weigtr
t11 d4*{1!i} ;. n{""+# ;';;'il-#il[il: i
rtre.,ampre in'la br;gi""r.-,Jr,r.,,,.'j& i;:;ffi:l [ ;.LiT
:till:-Tl: :lIi dry weighr' h denned as ,rhc ."*,;;;."G;;

Conccl intoic wtighr -
In_commercial lransactions whcre tcxtile mat.riati are Daid for bv
weight it is clearly nccessary ro havc agreem.nr f.,*..r'G.i"n'i

i.e. the weighr of moisturc in a

follors that

?I:ii,:d !y drying ar a teriperature of r05 13;C1i,r*-S'1;3i:l9b4 the drying condjrions specified in(lude a reLommendatior to
use a \enrilared dryin_g oven uith a posirivety indu..d.ta;.;;;;.
Ia-hrn successive weighings at intervals of20 min differ bv less rhan
u.U) per cent) ir may be assumed rhat a conslant wcighi has bfe;
reached.

A[.adequate sampling scheme should always be used where
possible so rhat rhe samples on which rhe resls are made are ran."-
sentalive of the bulk. Somctimes the samples c.",ri" 

"il;, 
;;. :;jorher types of added subsrances which ;houtd b. ..-;i,J;;;;;

oven drying. Recornmended m€thods of doing thi, .." ;;;;Appendix C of B.S- I05t :1964. Since an accuracy oI ore oarr in
2,000 is demanded in rhe heighin& it is obvior, ,t ri;i; ;;"i:
permits the wr;ghings ro be Iess precise rhan if a smalisamot": i;
tes(ed, lor exampJc, a 200 g sample requires weishins ro d.t o
\ah€reas a 20 I samplc woutd need weigHng to 0.0i g. i" p**;i
m9'sture absorprion during (he rransfer from the dryirig ovci ro thc
balance, the weiShings shoutd be made with sampies irmainine in
the ov.n; alrernarively the malcriat is weighcd ii rared sroppeied
contaiocr3,
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seller on the €xact weight to be paid for' The buyer cetainlv does

".i"*"r, i. "* 
r.. ."?."" ,'u,.i at the price Per lb of rhe texr;le

*",.'i"f. a l"ol,..t in"oi." ueight' i< ther"fore derermin'd Whrn

"..nt;u.tt.t, i. a.fi"ered and weighed a sample h taken and tests

-ade tI enable tbe correct invoice veighl to be calculatecl l he hrst

.,." i. ,. a.,..*ir. ,tte oven dry weiglit ofthe sample' This may be

i"'i"J.i,t 
". 

*i,ft * *irhour clianing the sample before taking it to

consrant weiqht in the drying oven'
i-*"'-i7 ' 

-ii. 
-.i*r't oirhi "o*ig"'ent 

ar rhe time ofsamplinq"" i - ir'. "'.i arv rveight ofihe sample (either with or with-

out cleaning)
S - rhe orieinaiweight oflhe sample

C - . rhe o"en drv I'e;qht of rhe con'ignment'
d

-then.:Wx_
s

For samples dried out *i,hott 
"ltuni"g' ,,100 + R,\

Conect invoice weighr = C ' tt * I

where R, is rhe official altowance (sec Table 1'2)
' For samota dried out after cleaning.' tioo I R, - ,4, -L Bi

Correct invoice w€isht: C ' I 

-l

\ ltn I

where U?, * L ) B,\'ts the toral allo\^''nc€ for moistur€ regain'

"rtr*f.i""., *r., firty matter' added oil dressing' etc'
''-i" 

1i.3.-rosr 
'rse+ 

a special rable prot;des rhe R'' '4' and B'

"rU"" fJ. tf"na.a sample is considered and the relative ProPor-

t'"* "f.".f, ""-*".nt 
is known, thc allowance can be calculated

i"J.*-pi., riir'" ulend h an 80/20, cotton/nvlon mixture' the

allowancc is calculated:
/BO \ /20 \
l-xB'sl I I -x4l
\lOO / \t00. /

: 6'8 + 08:769/0

Mrittut. kniap oo.rLt

fi;;;;i.:,;';; of testins instrumrn* offer moisture (rstins

:;*';;i;i;;i;; io rt'..t'-"d"'d"'t out in B S r05r:re64and

;;il';;; il ai;purv ir'. *o't' one examPle is thar made bv

ri."i, ti.". it rig,.,.L +.s. re't"'a "f rh' oven include:



(8, @kD of J@t s. &a at C.. LlA
Ficw.4.9. Moktw. t st;ng M



MOTSTURB RELTITIOIIS AND TESTIIIO l17

tI\ Forced hot air drausht thermostatically controlled'

1Zi An u"tomutic botunlce to eliminate fie ne€d to use small loose

weights.
(3) Wd;hing is carricd out with the sample insidc the heated com-

Dartment with the lids closed.
I4l i oreheater in which samples weighed in theL oriSinal condi-

tio'n can be panly dried brfore trarlsfer to the mnin oven, thus

Thc deLrmination ofthe regain by lhe use ofthis type oftester is

direct and follows the recornm;nded procedure' Methods which arc

irrdi"."t, ,r"irrg o.r. o. unothe! oI th; €frects of regain, are checked

against the drying oven mcthod lor acclracy'

Th, W.I.R.A. tabid &rina oom

f't. W."f I"a.i"t l." noearch Association have developed a ncw

i*ins oven which can brins a I lb sample of lextile marerial from

"."rif **.i" to dry weighi at an accuiacv of 0 02 g in from 4 to

6 min. Aiart from the lieating sFtem, this ncw oven features a

Sartorius direct-rcading balance, capable ofweighing to an accuracy

.io.m 
". "it 

a o".t rt i ovtn. The bdance has provison for attach-

i"" tt'.i"r. to its 
"nderside. 

Extemal means have becn devised for

.""r".ti.ro t-ne pan to the balance without opcning thc oven door,

,..I a safltv deice to prectude overloading thc balance is incor-

borarcd. Fo; + lb and core samples a smaller samplc holder is used

io maintain the correct packing dcnsity and minirqum drying tim'!'

THE OVEN DRY \ivEICIIT OF WOOL

when samDles of lextile materials are taken to oven dry weight in

" ".*if.t.i 
drying oven conslant weight is assumed to have been

u,oi*a *n.n i".Io.ive wqiSh;n8s at intervals of 20 min differ by

lers tf'." O OS p.. *"t. ln thi casi of wool a correction tu made for

thc moisture p;esent in thc hot air used for drying'' I 622't \
Percentas. correclion : 0 053 19 470

\ 760 - ert

whcrc r is the relative humidity 
=6I, 

and 
' 

is the saturation vapour

grcrsurg in mm Hg,

brott d!, to buava',r, Md rcawctin cfarrs

Wi,ii i t"-rt! i" *.ished whilst itill in th' hot drying containcr'

ur.v"r*yl"i ".""*,ion 
cffecu can lead to crror io tbc dry wcight

irin, of Iextile -9
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of the sample. Such errors may exceed I per c€nt in some cases,
Mackay and O'Don ell have studied this ptoblem (J. Tcxt. Iwt.
55, T333 (1965)). They suggest rhat by usjng steel woot as a sampte,
i.e. a non-hygroscopic material, the mill laboratory may experimeni
and determinc the value of the aorrection weight needeJ to com-
pellsate the buoyancy and convection effects. It is suggested that
the error duc to hot weighing.an be kept below O.l per cent of
regarn.

Ihykg b1 nearc of a clunical ooa
Wh€te a rpccial drying oven k not availablc, an ordinary chcmical
drying oven may be used in conjunction with glass wcighin8 bottles
fttcd with ground-glass stopperr and an analytical balance. It is
convenient to number the weighing bottles and to record their
w.ights if moistwe det€rminations ale to be faily frequent. Thc
testing procedurc is sraightforward but a point to watch is that the
weighing botde must be placed in the ovea wirh its stopper across
thc mouth, and in transfer from oven to balance the stopper must
b€ftted so thai moisi'rre is not picked up. Caoling in a dticcaror
before weighing is recommended. The drying and weighing should
be repcatcd to check that all the moisture has been removed, or at
least the oven &, weight has been reached and rs constant.

Carnr.ation oJ rtu ;gain
Weight ofbolttc + slopper : ,r1
Weight ofbottl€ + stopper + sample (moist) : ,r/r
Wiight of botde + stoppcr + sample (dry) : ,r/s 

-

Thcrefore,
Weight of moisturc : ll, - W,

weight of moisture
Regain : :-,x l0o

oven dry weight 
/

W,'Wt
x 100 (pe! ceno' w"- w,

Drying b7 ncaw of a conceat akd hot ai drr.n!
This method still_ustl the basic principle ofweighing thc sample in
it!. original condition, d:lvjnA otr lhe moisrud re-weighing, and
calcularinS thc regain from thc wciEhinqs. The samot." aLc 

",-ann.ain tared containclr fitttd with capr ovcr cach end. fVhcn tt e w&gh_
ing is carricd out lolid caF arc usca, tut whcn thc conrainci ir
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Dush.d into thc drying unit one caP i! removed and thc other

L.ir"Ju, . ,.tt*l"i .ap to pre,.nt lo's ofmaterial and to allow

,il'r..-"l .r'"it. e ,lermostatically controlled curent of hot air is

ili"'I' ir,?"*l the samPle for about 15 min, after which the.solid

.r* .* *ri*.a and ihe container we;ghed' The Process is. r'-
oe'atcd, this'time drying for about 5 mh When successive welgh'ngs

ir,-Ji*i'. tt'u, 
" 

.o*i"ni weight has been reached, the regain b rhtn

."i"J.i.J.'e" .*.*rle of ihis tvpc of instrument is the Revnolds

"ni 
s-"*" 'fupia ic'egain' appiratus (see Figure 4 10)'

ti@t.4.10- Ttu RatuUt d'd Brdon'Rolid R'eain'
- ..ntA;ns\ ed hdtuttat.onhot

rxg c.s.t.p'o.'DrREcr READING *EGAIN TlsrER

The determ;nation of resain bv us;ng hot air for dq;ng thematerial

""*"lit' .."ri.." " .."ttuin urnount of calculalion based on rhe

'"J,r,i. i,r."itt.i".* "nd 
(he samPle qeight before and afier dryins'

ir?. ;t .*ri*a for the laborarory staff ro colleit thc samPlc' lo

*"r-."i ii. ,*t, ."a to report the resuhs to the interesl ed .part 
ies'

Thc need for a regain tester which can be operar'4-by mlll oPera_

.Crturonwcalth s.i.nlific and Indsril R's'rch Orgoietion'

Lttd. .\"ot ttu told ntal



\2O PRINCIPLES O' TBXTILE TESTINO

tiv6 for purposcs of mill process control, and which will give quick,
but accurate rcsulrs, has led ro the development of lhe 6.S.th.OlDirect Rcgain Teste..

Percentag€ regain : IOO X

D./ing unit

Weight of moisrurc

FigB.4.!t. S*.kh ofC.S.I.R.O. Dbe, R.Eain T.rt ,

, Tbe- rapid dryiag device is a vertical frce+tandinq unit aboutthrec teet. ltconsbE ofa healerr a thcrmoctat cdntrol, an< an airolowcr. An alurninium sarnple can which 6t! ii the too of theqryer has pertdrariorB both in thc base and the lid to alt,,w r}Iep-aasaF of air but sma.ll efiough ro pnevmt drc 1." "i rq_;f ;;s:unPle.

-A proportional balance is used and thi! gives a pointer deflection
which d-epends upon the rario ofthe undrij w.iglir ,r,, r.iiri jJ"J
Y:c_| 4 by, is independent of rhc a.tr"r 

""r,il. rr,i, "ii.ir"iJthe neccssity ,b! calculation.

. Dry weight of samplc

W_ W,: 100 x 

-

w.

: 100 x (#-)
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The lever-type proportional balance indicates the fttio lryllw2

and thus the-sc;le may be calibrated directly in Percentage

"To muk" , lest the wool is packed 6rmly ;nto lhe can so lhat
channelling of lhe hot air is min;m;sed. The cold can and samph

".. otaceJon lhe balance and (he irblrument is adiusted lo read

,..o1 Th. 
""n 

;s then clamped in the dryer and hot air blown

throush for about six minutes. The hot can and dried sample are

..olui.a on the balance and Ihe po;nter indicates regain direct)y'

If reouired. the scale can be calibrated to read moislure contenr'

The rangc of the apparatus is fiom l 5 Pe. crnt to 30 per cenl regain'

A small"correction weight is incorporated in the weighing s)sttm
to compensate for buolancy and ionvection erron when the hot

can is weighed. It is stated ihat the accuracy of this instrument is

within 1O:5 per c€nt and iI a furthq correction is made for the

moisture contint of the air th€ accuracy can be t+ Per cent'

Dnins bv infra-red radiarioa
fi. i.i.'i "" speed of testing is ;lluslrated bv the Townson and

l{ercer instrument which employs an infra-red lamP to dry out th€

samole. A 5 s sample is us;d, a (orutant original weight which

enuble" th" bulrnc. i"corporated in (he inslrument to be graduated

in Dercentas€s of moisrure irlstead of grarns Times quoted for the

t..i i"cludei min for viscose fibre and B min for 'orton 
The accuracy

claimed'is that the results are reproducible to within 0 2 per cent

uith unskilled operatots.

Drying bt desiceotot

ror iuiine mill l€srinq (he time required for drying bv desiccator

is too great, but for r;arch a desiccator may be necesary'

Ttu W.I.R.A. elttrieat Uso,lukr
This instrument has bien designed to determine the regain of
material in the interior of a wool bale or a roll of textile material'
Fisure 4.12 shows the eeneral design ofthe instrument Before des-

",i'bins 
the oocration oirhis devicelt uould bc useful to exPlain that

" ttreinistor'is a stmiconductor whose electrical resistanct varica

sr€atlv fith variation in temp€rature. lt is vcry small and thereforc

i.o"iies an air flow of -rch lo*.. velocity, for obtaining the true

*., b,rlb ,.rnp.t",t t., lhan a standard thermometcr' An additional

.d*,antagc ofthe 
"mail 

size, and small heat capacity; is that equi-
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Fieo. 4.1 2. Th, yr.r.R.A..hdncat';*'u 
*" 

"

librium reading is reached \ery quickly, Furthermore, electr;cal

iI;TJ"J""""[ jl"n 'asier 
to read accuratelv because the reading

The probe, conraining a thermistor in rhe rnd, is inserred ;n rhe
malerial. Air is draun from rhe interior of rhe mar.rial over Lhe
thermistor (measuring the internal temperarure) and rhcn out and
through an eirernal chamber containing u.et and dry rhermiston.
r hermGtors A and B form one arm ofa bridge ofwhieh C forms an
opposing arm. Wirh the switch in posirion 

"l rt. m"r". ,eads tf,e
drtl€rence b€tween wet and dry bulb lempfrarures in rhe extcmal
chaErber. ln position 2 rhe meter reads dry bu:b.temperature in lhe
extemal chamber and in posirion 3 rt. t.'-p*"rr..'iq rh" ;nt.ii.
ol tn€ matenal (probc remprrarure). From these three Ieadings the
regam ol the material can be derived.
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Three Poi$ts must b€ aPPreciated:

i l\ Tr.t2tive humiditv is the ratio, expressed as a pcrcentage' o[thc
t" *"i., "rp"rt 

i. it e atmosphere to the sat.ration water vapour

or l'Fluiu*r;o" *.ter vapour pressure i! lnosn accurarelv for
t'' i.,,J-*r",rr. a.ra ..n ue iead off Gom published Tables;

..i,".q"ir,ty, if thc water vaPour Pr€ssure can b€ measureo'

..i",ii tr#airv can be immrdiately determined at any tem-

rar i"ili'J'"i.. ""p"". 
presure in the atmosphere does not chanSe

t"' 
*'rrin ii"-"rrri*pr,ic temperatttrc changts' provided that no

watcr b added or subtacted'
The W.I.R.A electrical hygrom€ter makes use ofthe above rela_

.i"i.'il'*;;iil;;-"v"tr'' p'ou' is inserted deeP into the

-"jij"i l"a }.; ;,:kcd ihro,ghihe p""tr Dast thc thermistor in

its end (the interior tcmperature rs rrcasured)' The air is continu-
'""ur"ili'\e';"J p"., ,h; fibr.sin the interior' so the water vapour

-*-'.. n th,r of th€ inlenor when rn equilibrium Now' when the

t=H;I?.."Iil;:'r-t ,"J"*t"' the instrument its tem-

i'j-,*"Jri-i""" chjnqedr it will aporoach room temPerature

:iT"'Jl:, i;i; ;;J;"'J'h;;, ti'o'igi rt'" wals or the piping'

iliThl#;;;;; f,cs""re #rr be-unartered' see (3) abo'e'

because no air will have leaked in or out'

.*:i:#;#:.i11i;;i'!"r- i*iiii"+:n:*.fdand fie water vapour Pressure can D€

iil,.]il;n';;;;;ure will also be rhat orthe interior' so that

:ff :t;;i,byi;;""""'",r.f iy'1p;;;;;""*f,'ff 
d,';:;",1i:

probe temperature *: obY'l tn". 
:':11^,ionship between retarive

From Tables or graPhs grvrng th€ re

i'i-.iiiv ""i *gir'i'r tf,e mirerial being testid' the regain orthc

material is determined'

-Ablr. dLre to hvsteresis, thelf is a difference bctween the regain

.i'#l;i;; ;;fi;;iing'ec"irib';'n rrom the dry side and thote

;;ffi;"#;;lii;;;,he'wei side- Ir rhis is not talen into accouni

;Ii-: -.., i. ,. eror ofup io about l 0 unit ofregain Houever'

IlXLliiJ. i ;l *,.1i i"i'" *r'''r'* 't" -aterial is aPProachins

.o;ilibrit'm from thedry or wet srde- and rhr error can thus be fiuth

,*."H*lii *'Jt ;ti:ihru;"*;,f, :fi stilJ#ii
Research Association.)
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TNSTRUME.NTS USINO EFFECTS OF RECAIN ON
ELLcrRIcaLrpRopE*rrta o" ru*rrrr r nrrii^r,

R.litlancc nvlhodt
The enormous differenre in rhe electrical res;srance of a text;le
111T,!"1. *1,:T 

'.sain valueq offers a -.rl"a "r 
*,;-.iirg'iii.

regarn,ndirectly by resistance measurement. Two examoll of
rnstnrments based on this effecr are rhe Shirley moisrure meier and
the Hart moisture meter.

Ttu Shiley noi:tutt,pl.r. This insrrumenr, see Fisure 4.13. is
manufacrured by the Rfcord Elecrrical Co. Ltd, 

"rd;;;;.;;;fioesrgned lor the m€asuremenr of the reqa,n of raw colron and srev
colton yarns. However, Tables are i,ailable *f-L,.i, 

-.."'U."iii
operator ro test other materials and convert Lhe indicared reeain to
corrected valu6. The etecrrodes consisr of a *",-l c.rd";;, i;:
sulated from an outer circular sheath. When Dressed inro tha "^t,^-the 6bres bridge rhe iruutarion and their resisi"r.. i" -"*;;;J. i;;
electrodes are used, one for raw cotron and lhe orher for varns. thi
difference being rhar for yarns tlie spaci"g U.,*.." ,f," -"arli"-Jelem€nts rs in.reased. This counreracts the increased conductiviry o"fyarns due lo the more or less parallel arrangement ol.the 6bres
cor-rpared_ wiri the random arrangeme,it of rhe 6bres in loose
cotton. lhe ind;caring unit translai€s the resistance value inio a
regarn readurg on one oftwo dials. One dial covers th; normat ranse
ofregaia values.from about 7 to l l per cent and the other cater;;
two range!, 'Damp' from g to 15 per cint and ,Dry, frim 5 to 9 per
cent.

- To mak€ a test the correct electrode is 6tt*ed into a holder and the
instrument adjusred ro ,ZFro,and .Maxjmurh. ,."di"g. f;;;;;;ki;;
thegointer indication. A 6rm pressure is rhen us"a .-U;,gii. Jl"i
trode and rhe 6bre irro close conract and the reeain iI read otr
directly. To save tiring the op€rator by repear.U t.rfrg, 

" ".;;ipressure drvice is avaiJabte which spring loads the elecirode hotder
to a 45 lb/inr pressure. A rangi ofother iypes o[elecrrodes are avail-
able to enablc t€st! to be madr on wool yams, viscose cakes, wood
pulp, powders, etc.

^ 
Iu.a-series ofcoEparative tests against rh€ ov€n melhod it waslound that.lor 84 lEr cent ofthe ,esuhs rhc differcnces berwe€n theoven and thc shrrley moisturc mrisrregain values werc 0.3 D€r cenr

or tes..R.asons for tie d ifferences inctude variation (wi r} in simoles).
e'rgrs in rhc oven test, and difi'erences in the aec;J;;op.j;;i
vanour.oll6nq
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The speed of the test enables a number of values to be obtained

fr..'r"i.* ,r* "t,t 
e material and an average value ro bc calcu'

;;.';;;;,iJ;' 
".int 

ro note is rhat dleing and other chemical

i..",-.rl ut,.. thi elecrrical properties of the material and rt rs

"i-.i",""" ,"";rri. . 
.alibrate'ani draw up conversion tables with

a suffcient deqree ofaccuracy lt should be noted that cautron must

be used in tes-ting materials so treated'

/,.t\

+o}\:.!r, .t

!!

:
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Thc Hat noistwe rr.l.r. In this insrrument, manufacrured bv
Geoff. E. Macpherson Lrd. lhe rrgain is not indicared on the merei
lcale. Instead, the relistance of the material, clamped firmly be_
tween flat, circular electrodes, is balanced to give a zero meter
reading by a variable resistor. Alter removal of thc sample, the
resistance of the variable resislor is iself balanced bv pressins a
range of buttons su.cessively until once again rhe maei reads ziro.
Depression of rhe burrons brings inro circuir different srandard
values which are calibrated againsr lhe resistanc. ofrhe malerial at
known regairs. A system of this type eliminates variation in meter
readings caused by changes in rhe electrical characteristica of thc
circuits used, e.g. ageing valves, decreased battery voltages, etc.

The range extends from 2 per cmr in the case ofcortoi and Iinen
(5 per cenr for wool) up to 20 per cent. An accuracy of0.25 per cent
is claimed in thr dry range fiom 2 t,, lS per cent. An adlirionat
Ieature ofthis meter is a staric suppressor which ensures rhat a stead\
meter needle is obrained wlren tesring fabrics in spite o[ atmospherii
conditions or stray electrical 6elds. An account oJ this irstruient is
given by Toner, Bowen, and Whit€\a,ell in Tet. Rcs. J.IB, p- 526
(1948); and 19, p. I (19a9).

Figut 4.14. Tt Shdw TrlN 2 tuinne tu6. .Vat, 4 ptqtir containo
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Cabotitt rulhodr'iliiir, 
^"i*, ^n,t 

T:tP' 2.'lhb instrument' see Figure 4 14' is

i.s-.Jr"' il. -l*'rement ofmoisturc in *ool and is unaffected

ili:;;;;i;.h";*es oI th" oil contcnt in the tops A { lb sample

k'.la;d in a (all plaltic ton(ainer and compressFd by a specrarry

'ilr.a iia . a con5tant pres:ure (the lid weiehO and the testd

.*flf,.a .". Mo;t*. utr .rt 1L. 6i61'<rric propenies of rhe.wool'

ihe change beinq dep'ndent on lhe reqain The measurrng crrcurt'

ii'"*i-"]."i.1* it'e resa;n bv m*""m'nt of rhe dielectric

"il}l.*i;i[ .i,l,. sample-and rire scale of rhe m"ter is rherefore

".,-i,ri.Ji' ,.*;" '"tue TlIe makers state that over 95 per cent

3i rJ."*t..i;" c'ea( Brirain use lhis tvPe of merer with satis-

factorv results.'--iii eaii, o,i.",. tt l)rietourline orthis device' which is manu-

r".i"rJ'ii i"rJ"" felecrronics) Ltd, is included here to illustrate

;;:;;;";;. of the controt of *gain in processing and how a

measu,ine principle can be used as a basis ota controlsysiem !rgur€

i-is .r,.":.it " .i.o-de unit cn a rvarp sizing frame' Thc material

lB, ftYb, ol tut&r lEt6bort') LA

Fisu.4.I5. hoa$iLs aP noti.n of leit@d ptin'ilt'
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passes berween rhF rwo plates which form rn air spaced condenser.
vana(ron in regain produces variation in r.he diel"<rric consrant ni.th6 condenser and this cha:.:ge in the capacitance is measured elec_tromcauy and indicated on a mcter in rerms of resain. Suirabte
circuits can be desjgn€d ro rontrot the ,p.ed 

"f rh. m;c;i"a;;-;;;
the delivered yarn has a uniform regain.

TIE Fa i .t.ctnni noirtur. nl!.nt anajser. Orc of the Drobleirs
associated wirh the measurement ofmoisiure ir'u..t i",h;iim;;i;;
of obtaining rruty rcpresFnrarive samples from b"lh ;i;;. -ihl
molsrure rs not uniformly di5rributed and valiatjon is observed
when tesrmg-lvool samples drawn from the ourside and jnside of a
bau ol top. ro avoid rhe srmpling probt€m the Forr6 electronic
mosture crnlenr anatyser tesis rhe complere ball usire the caoacirv
method on a large scale. In an arricle on rh;s irstiument 'f f",1-
lnsl- Ltd..,.p..256 (Nov. 196+)t Breen points out the advantages of
this merhod:

(l) No physical or electrical contact neeal be made with the sample
being tested.

(2) Tle- eledrical 6etd which passes rhrough the enrire samote
produces a scalc deflectior proponional to lhe arerage moisture- content.

(3) The _capacitancc method b quict, rhe rime consrant of the
tortd analyser being a few mi iseconds, and an actual measure-
menr inciuding handting ofthe ball oftop requires only 30 sec.

(4) The-capacitance tcsr is completely passive and harr ess to lhe
wool and no w?ste is g€nerared.

Figo. 4-16. Pli,tilLt oJ tl, Fortt .t@honi. @ktv. .onknt eatad
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(5) The capacilance lest is not substanrially influenced by most oils

and waxes or extraneous vegetable ma(er.
{61 lt has been verified lhal rhe capac;tance measuremrnt is nol

influenced by valiations in pH betreen 6 6 and 8 9

The seneral piinciole of thc instrument is shown in Figure 4 16
.fhe reidinss o'n the output mrier, which is sca)ed from 0 to 100,

are cal;brat;d by firs( tesiing sample balts oftop in the analvser and

thcn in the usual drying oven. Other models of the instnrryent are

desisned to rest conei ofvarn, samples ofbulk 6bre and even entire

balei of fibre. A comparison of the Forr6 method for measuring

moisture in wool toDs;irh standard condit;oning house Praclice ;s

reporred by Hullah'(r. Zxr.,hsl.56, T287 (1965))'

A NOTE ON ELECTRICAL RECATN1TESTERS

The use of electric meters for the measurement of r€gai[ has been

corsidered bv several authoril;es and a word ofcaution is requircd

on the use of these instruments. It is pointcd out by Mackay (T'xt'
IBt. dnd Ind.. p.l3 (1963)) tfiat, 'Elrctric.al m€ters owe thrir poPu'

laritv maidv; t}leir measurirg sp€rd, a few s€conds is lpical, thcir

"heaones 
and lheir rclative impliary of oPeralion Their (hief

drawback is t}at the readings can be aflected by factors other than

the rcsain of the textile. Foi example, the preence ofdyes or anii-
stetic;gents, the Packing density, and the 6bre quality 

-For 
this

rea"on,-un eiecttiil meGr usually requires a seParate-calibmtion

"""insi the drvins method for everv material on which it i: used

^i.l f"" diferent iorms of lhe same material. When calibratcd this

way, the resulB oft€st! by the Wool Industries Research Association

at Leeds indicate that ihe accuracy of the b€st of these meters

operating on a uniform maierial is Probably about t I Per ccnt

recain over a limited range.'-:uo'to.' 
ana Heatte (F@sial tuotctti.t oJ 'r' il' Fibru' p l5s\

note that the accur:acy of thc Shirlcy Moisturc Meter, an instnrment

based on the variation of the textile's r€sistance \a'ith change in re-
q.in, ttu" 

"n ".."t"ry as Sood as that of the drying oven method,

i.oria.a tnat it t as been ial;brated Howcver they point out that,
llnstrumene based on the variation of dielectric corstant are also

availablc, but thcy sutrer from the disadvantages thal the lteight
and distribution oi the matetial bctwcen thc platcs of the condenser .

must bc controlled, and that the vadation of drelectdc constant

with moisture content is.much less thaa the variation ol resistancc'

Wherc it can be aPplicd, a resistance mctlDd is betrcr'' ,
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5
FIBRE DIMENSIONS AND qUALITY

TnE unit from which the many complicated textile structures arc
alscmbled b the siogle fibre, a vcry small beam characterised by
great length rclative to iB cross+ection. This unit is itselfa compl€x
structure built from atorB and molecul.s. In this chaptcr we shall
coisidcl the measurement of th€ dimensions of fibres and the
assessment of other fibre properties which are of importance in the
waluation of thc raw materials available to the spinner.

Two important dimensions are fibre length and 6Deness, and as
we shall see shordy there is sometimes a &lationship between rhese
two quantities when natural fibres are considered. With man-made
fibre! both the 6bre length and finen€ss can be controlled indepen-
dently, although even here the influence ofnatural 6bres may srill
be felt because man-madc fibres may have to be processed on
machines designed to euit the dimensions of natural fibres. Further,
when natural and man-made fibr€s are blended, their dimensions
must be compatible. The measurcment oi natural fibr€s is a task
which is not made any easier by th€ fact that v-ariatio[ cxists not
only bctweea diffcrent typfs of the samc mate al but abo within
the samc ty?c. Thus, the Sea Island cottons are long€r than Ameri-
can cotto$, but within a samplc of Sea Island or A$erican cotton
therc is vadation ir lengrh b.tw€cn fibrcs. B€causc of this variation
it is n€cessary Irot only !o derive a single lmgth valu€ to chamcterile
a given sample but also to obtain ar index ofthe variation pres€nt.
In the sections which follow we shall see how these quantities are
determined and how the problcrns presented by different materials

FIARE LENCT4 ME-ASUR E M ENT-GEN E RAL

tutqung, uzighr and hngth ditr;butiotl'
A logical apFoach to thc probtem would bc something [le this: A
rcprdcntative samplc o{ 6bres i! taken and the lenrrh ofeach in-
dividud fibrc mcasured b;er a iuitablc scale. Thc iatues arc rhen
classified and the neccssary statistical calculations carricd o\rt to
prcd|dcc the a,ilhtntti ,n dl 

^rd 
thc .o.fv at of oadatrlaz. In addition

lo thi!, 3omc graphical rcprcsentation ofthc r€sults may bc desirablc

t34
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and could be in the form ofa histogram or frequency polygon. This
basic method is uscd in certain instanccs but in otheB the adthm.tic
mean is not the most convenient quantity from thc point of view of
the mill technician who had to decid€ on the settings ofhis machin-
ery. We shall see that in the measurement ofthe length ofcotton an
alternative quantity is used. For the momeni, however, wc will
coniinue to discuss the original approach. The cumulative frequency
diagram or distribution curve is another \eay of presenting the
lengh values in a graphical form and is often preferred to the usual
frequercy distribution curve. Its construction is fairly straightfor-
ward and is illustratcd by the following example.

Toblc 5.1. Iznrh nI.@tnak of a Santb of 5m Cotd Fibt !

r35
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(x + in.)
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6
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I I.2
t52
12.4.
t.2
r0.4
9.4
7.2
6.0
4.0
l6

1.0
4.0

I1,0
22.2
37+
fi.2
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71.8
8r.2
84.4
94.!t
98.4

100.0

Suppose we measured the length of€ach of 500 6bres and grouped
the values in classes as shorvn in Tabte 5.1. A histogram of th€ fre-
quenay distribution is given in Figure 5.1 ; in this case it ca be scen

that it is an asymmetrical distdbution. To enable lrequency distri-
butions to b€ compared it is convenient to exPress the frequenci€s in
percentages, as shown in column 4 of Table 5.1. Thc cumulative
ilas ftequencies in column 3 are obtained by succcssively adding the
class freqhencies in columr 2, €.g. 5 + 15 : 20, m + 35 : 55, and
so on. Figure 5.2 shows thc cumulativc class frequcncics plottcd
against the ctass length values, the formcr on thc horizontal axis,
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the latter as ordinatd. Here, again, the frequencies are easily trans-
formed into percentages if required. It will be noticed that the
cumulative frequency diagram has a rather smoother appearance
than thc histogram.

r36

20

Clo..lenstt + (r+ir)
- -- - - -- - - W.ighrdnbibt.im

- 

F4req dnkibu.i@

Fieu, S.l.Itirog.M of @t onlbtu lagth disttibuti@

The distribution presentcd in this form is 
^ 

fl.qurtut d*ttibutk\
i.e. rhc nraalars offrbres in €ach class have b€en considercd. In some
.as6 lhc urigla of 6brcs in each class is considercd and a roagit
dbdb inn deivca.

20 40
Cuhulotiv.p.rc.irog. -+

Fit@ 5.2. Ctfidatiu fi.qu,ct dizgr@ daiut JM Fituc 5.1
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If it is lnown that the weiSht Per uni-l length of the frbre i!. $c

""I.'i* "li- nt* lensths. th-€ wiight distribution can be derivcd

i'.",li,i'. i^j'ii-rlur".l.i. r*t tt'i*'igt't p'r.un;t lensth of 6bre

ilJ'i. ri"], ir'.';.,gt't or a class will be givcn bv: clas lensth )<

:^::;:::.-- ' r:T,ble 5.1 can now belecast intoTable 5 2' The

UilJ';i;"t"';t ";;pt i. t"k"' * 4 sg/in Tbc corresPondins

;ilh"j; ;;; ;;ative weight distribution arc shown dotted

ift:?ii;;. i ;;; s , in rig"" 5 r tt" '*" cr'rm'rativc diagramr

;.'.i;;; smooth curvJto emphasise rhc diffcrtnce in their

shapca.

Tdbh 5.2. W.isht Distrilurid oI tht Sat*L in Tobh 5'1
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CutuLtiw P'r<"rt'g! *

Fisd' 5.3. SMtuda .6'nadd lr'vatq ifi'sart of Fic@ 5'2
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Somctimes thc fibre weight per uni! tengrh is not constant bur
varies- uith rhc 6bre lengrh, e.g. wool. Here the class u.eight rvould
be cal.ulatrd by multiplrinq rhe class lensth {tass f,.orr".rr., o..r_
duct by the.value oftr for rhe ctass lengrh. The rest ofrhe aritlimeric
would be as before.

A lrrgr, distribution is somerimes called for. In th; case the total
length of 6bre in each class is calculared. Thus, the 6bre length in
each. class is rhe class lfngrh m"lliplied by the class frequen"cy. A
Table is set out and rhe resuls examined as befo,e. If rhe hbre
weight per unit Iength is constant, then the l€ngth distribution and
the $eight ditribution curves will coincide.

Up to now we have discused rhe disrr;bution o[ 6bre lenerh in
general terms sirhout reference lo speci6c merhods for meaiurins
the length characrerisrics ofrhe different fibrcs. For convenience thl
various types ot 6bre will be lreared separarely. Ir is assumed, ot
course. that the samples tested have been properly sampled. Another
point to bear in mind is ihat alrhoueh rhe measurement of fibre
length is mainly used for the assessm€nt of lhe raw mateaials, it can
also be used ro see what effeet procesing has on rhe fibre, e.g. eal-
.ularing.ihe amount ofGbre breakage, determining the efliciency of
the combrng process, etc.

COTTON FIB&E LENCTTI MEASUREMENT

Cotron is grown in ditrerent parrs of the wortd. Aner piclting and
ginning, the bales have ro be assessed for quatiry. One of rhelttri-
butes-of cotton which requires ;easuremenr is the .sraple tength'.
A deinition ofstaple length could be as follow.s: .A quantity"est!
mated by personal judgement by which a sample oi6brous rarv
material is characterised as regards its technically most important
6b,e Ien$h'. The firsr determ;narion of ihc lenqrh characierktits
of rhe.orton is canied out Ly classers uho us"-the hand sraplinq
method. In essenc€, this consists ofselecring a sampte ana prepi.in!
the.fitres by hand doubling and drahing to giue a fi;rty...ii
straight€ned tufi about I in. rvide. This is lald on a flat btack'baak-
ground and the sraple lengrh mrasured. The exrreme (ips oflhe lufi
\1ill no( br the limirs used for measurement sincc rhey represenr onty
the longer 6bres present. The shorter fibres will li€ ir! th;body ofth;
tuft. The classer chooses Iimits where the.e are reasonablv u,ell-
defined edges. rhal is, where lhe density of rhe ruft ch,nges mosr
rapidly. Since the measuremenr is ofsu;h a suhjerrive nat;re, it is
not surprising to find that diferences eiist between classers. The
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-..d.ohical sDrrad o[ the centres of the markets is alm a cause of

iiil'.-l'.."*;,-Ir.. u"* of staple length measurement An addrd

::;i;i;"; ii;",ii. a;n.Jnt tvp'"' or'ottons mav be crassined

i* iirf..."t 
"turau.at 

even in rhe same markets'
"'s.l;;'ii. 

'.01. 
I'ngrh is gi'en on a penonal judsment it is

"#"* ii.i iil'i is rhe-possiblli(v tor thi shirting of the basis.of

ffi;;".;;;;;;;;*ber of lears To counteract this tendencv' the

"lt'ii"",i-*..r 
aericul.rre has a range ofomcial shndards for

"Y:l;"lllilii:'1.1" "i,i...1.. .r,ir".u.. e siven turt can then be

:':::i}".*il, ;il."..,.rr],r*.ri* ';n 
check his standards

lii',5""-.* i'"'i,i;*e to time. From the fo'ego;ns nores ii must.not

i*'i"f.'..a tlat the accuracl of rhe staPle lenglh ar determtneo rly

:;"'"i;;...-;';;;i;;erv hieh order' rie dasser is an rxPert at his

ili,;il;;;;;;; r,na'or."*p.'i.n" ro tt'e task, and his m'thods

',-,,iri ir,. i".i."" rle staple iengrh derermined bv the classer mav

i:;;;'i;;;;;,, ,i*,..n,i or an in'h' arihough the U S

O.p',r,-.nt ofAgt;."tllrre recoS $ ditrerence ol a thrrt)'secono

.f an inch.
.i..t,rdv of rhe consisrencv of stanlF Iengrh classi6carion has been

-"i.'ur'r-*a \.'1. Text last 5l, T375 r1960)) The Iollowrns ex-

:,;-";".;. J,"-,rv and conclusions of this studv'
"i';n:::",,;; ;;;;;iih; Unir'd Stares is sord partrv on the basis

^e -""t. t."r.t. it is thetefote essential lhar assessment ol stapre

ii"",fiuii"tl ^"al accuratelv bv diffcrent classe'" in the same-

:::::: ",;;';il";;; u^i' r,J" v",'," r.^r. rhere is a range or

:::,:i: ".:;1.i"1";,.r, 
'L.i".J' "i'n*.,;.;n 

uprand 'otton 
and

::'^: ':;^i:';;; h:" 
"r 

e oreoared bv thc un;ted states Depanm'nt

:;",ii:;ii;;;;;;;.iI'ql"r"'.ip"^';"rr) suirabte curton'\^ith

::tr;;i ;;;;;;;-;orto.i. or ug...a nominar srapre.ren^gth rhe

ili,lii". ;"''. 
"..",a1 

. r,'"... ";rh' 
rvpe' 

"r 
tnown staple' ro' use in

i',Iir".g .,'."a;*,;ng individual t'r'ls ofclassification to a com-

"'""^-1 ..,,.. a;-"-s hale Leen made on four ser ies of vandard

,' il'i',,"i'.i i^ ir;p".;.a ro:: ro IssE staristi'al analvsis orthe

ili'l". .ti,;,.a i.' rie 'trccti'e 
lrnqrhs derermined rmm comb-

i;:.'";;;;; .i,t. ,)p* 'ho'sihot {i) 
no detectabre sross

:il;.";;-;;.,;;.; in'ine reuer or stapti length crass;ncation

i#:?'i.? tv'J.-ivp. *,npr* durine rh; period and (ii) indi-

i;5;'.i;; 'J-r,., ;i^, somerimes t'e-in .''o' t'v 
'1 

inch' but a

iiii'*.,i.I. .r L' ;".L bet-een acrual and nominal staPle lensth i3

utlcommon.
H;;;; of the relation between effective length and staplc
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Iengh has been investigared. and is summarised borh by an eouarion
and in lhe torm ofa dcrived rransformarion rabh. e rough r^iorL;ne
rufe ro obtain the srapte iength js to subtrac. * inch fr; eFecriv:
lenqrhs ber.reen 34/32 jni h and 39/32 ;nch. t in.t to,Iong.. corton"
and + inch for shorrer corrois.

A small range of srandard types is available for American-
Egyptian colon of rhe Unired Siares. The limired data sussesr
rhat rhe slaple lengrh is nearty g inch shorter rhan rhe.trii;ve
lenglh lirr cotron b€rween I i inch arid I* inch staDlE: an anomatv
is noted for rhe longcsr, lJ inch, rype. ihh co-pa,." wirtr a reri_
dency in.rhe Unired Kingdom ro assess long staple EsI?rian_type
cotlon.about rt inch loneer ttran ttre cor.esponai-n! .meciil,e
length.'

The equarion refen ed to in rhe sumrnary is given below.

Z-S:2.1 + t.t3(L 26)1(St_L)!,' x l0-6
where Z is the effective length and S is the American staple.

Tobb 5.i. T,at{tutioa Tabt . p,.dL tiol al Awndr lapt? S ltdn Etat;* Lrua r_

lb Cou zqt aI tb l.,tih r^tttuk) lunii: rlj2in.) "

38
39
4A
4l
42
43
44
45
,16

41

29
30
3l
32
33
34
35
36
37

34-8
35.6

37.t
37.9
38.8
39.7
40.7

I 41.9
43.1

Siqh jbft n.a'uftnent
It is porsible, wirh patience, good lighting, a micros.ope stide over
a scale, and medicinal paraffin ro c;ntrol rhe 6bres. to measuft rhe
individual length of couon fibres, Each 6bre is raken and genrty
straightened ovcr rhc stide w;rh the rips of lhe litte finseJ, thi
length is rhen recorded. Th;3 merhod is obviouslv reai"". i"a i;-"
consuming and nol used in the mi laboratory. lSee B.S. Handbooi
No. I l, p. 29.)

25.9
26-9
27.9
2A.A
29.8
30.7
3l-6
32.+
33.2
34.0
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Fibn rottet n2lhod!
As single 6bre measurement tahes time and hand stapling requires

exoerilnce (atthouch even then rhis is a subjective test), alernative

-irhod" hu". been' d.vetoped. One ot the most popular is the use

ofthe fibre sorter, examplei of nhich are the Baer, the Shirley, and

the Suter Webb. The 6bre sorter is an instrument which enables

rhe sample to be fractionalised into length groups Basically, the

operation involves lour main stePs:

ii) Ttre preparation ofa lringe or tuft with all the fibres aligned at

(2) The separation or withdrawal oI fibres in order of decreasing

length.
/3\ The DreDamtion of a sorter diagram by laying the fibres on a

black r"eivet pad in d"creasing orde' oflengrh' rhe 6bres parall'l
and their loiver ends aligned along a horizontal base line (see

Fisur€ s.5).
l4l The analvsis of the diaAram.

Enelish and American 
-mcrhods ditrer in delail The EngJish

,ysteri *itt U aesdt ed here and a note on the American method

will be given later.

Tht Shilev conb sorta
iii" i'.til*.nt .o*;ts of a bed ot combs which control rhr fibres

and enable the sample to be fractionalised into length grouPs' Nine

t ottom 
"o*Us ""a 

'"ight toP combs are used, each set spaced I in
aoart excep! the firsirwo bottom combs which are + in apart'

ii'.,r. thc di"tu".. from a row of botrom n'edle< to a row of top

...,lles is * in. Manipulation oI rhe fibres is by a grip, an aluminium

J.o'"o-,'"na a blunt necdle The procedure is given in the B S'

tfinAfr""f. U* for convenience it is included hrre rlhe samplr is

iJ"" i" ,t 
" -'y d.".'ibed in ChaPter 3, the u'eight of the sample

beine about 20 mq).- -:ii'. *"-"l..r,i be carefuilv drawn and doubled several times

..,it,1. nf't , ar" straiehtened and parallelised lt is advisablE lo

keeo the bundle as na.roiw as possible throughoul rhe uhole process'

Thi method ofsorting is as follows:

rll The sorter shall be placed wirh rhe back towards (he operaror
" 

""i J" too."-tu siall be lifted fie prePared samPle sl''rl be

sliehtlv tw',sted and placed in the lower combB, at the righl-
l"-"J Jial or rrt. -n.i as it faces the operator, *ith a small ruft

ptotruding (sce Figure 5.4).
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Figd, 5.4.Co b satut kchn;qufor @ onfibt hngtn

(2) By means ofthc grip all the loose fibres shall be removed from
ihe protrudirg end until there tu a straight edge A, the loose
6bres pulled out being plaeed betlr.een two glass slides. Later
these shall be re-incorporated in rhe oriqinal sample.

(3) A tuft shall now be pulled from rhe sample, care being taken
to grip the 6bres as near the ends as possible. This hrft shall be
combed several times (combings being presen;ed) and trans-
ferred to the left-hand side of the soder, so that the co-terminous
ends ofthe fibres are almost flush with the nearcst comb B and
the tult is straight and at right angles ro the combs. This tuft
shall now be pressed into the combs by means of thc dbpressor.

(4) This proccss shall be iepeated until all the sample of lint is
transferred to the left-hand side ofthe sorter, all combings, etc.,
having becn re-incorporated ir the original sample.

(5) The soner shall now be turned round so that rhe frort faces the
operator and the longest han: proj€ct towards him (C).

(6) The top combs shall be lowered and 6tted in the rack so as to
grip the tuft and prevenr uncontrolled slipping ofthe 6bres.

(7) The lower combs shall be dropped successively until the iips of
the longest fibrcs are seen.

(B) The 6bres shall be pulled out in tuft! of successively shorter
lengths bv means of the grip, the longest first, the combs being
successively dropped as required. The 6bres shall be combed,
straightened, and laid doifn on the velv?t pad with th€ straight
edge agai"st the marked line.'

Examples ofsorter diagrams or 6bre arrays are sholr'n in Figure
5.5. It will be seen at once that rhe outline produced by the upp€r
ends of the 6bres is very similar to the curve of a cumulative fre-
quency diagram which, in fact, it is. Provided that the fibr€s arc
evcnly spaced on the vehet pad, distances along rhe base l;ne are
proportional to the number oi 6br6. E!'en withc::t further opera-
tiors thc visual examination ofthe fibre array will provide informa-
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tion regarding the general length characteristics of the cotton, its
variability, and the amount of short fibre. for a more detailed
analysis ofthe diagram it is recessary to take .i tracing ofit because
this is more convenient to deal with thao the actual diagram on the
Pad.

.a
-J',,

0 85 l]5 196 27s 377 4s8 52 55.6 3S:
Sum oI bElin. udinF 153.2

M.rblalh(/lE)----7.1
B,{lin.l.4rh

MlMl.alh(. ilin.J -,t 7l-2&,
Fip@ 5-6. Cmb rqt6 diaetun @abtb

Anausi' oJ tlu soth diaeran
In the constuction of thc cumulative frequency diagram the
frequercy of the fibres in each length class was knowri and the dia-
gram derived from this information. In the analysis of thc soter
diagram we more or less work the opposite way $ound, the curve is
known but the distdbution over the classes is required to be found.
By placing the tracing over graph paper ruled in sir(teenths of an
inch, th€ diagram can be readily divided into { in. classes. Figure
5.6 shows a curve divided iqto + in. (or $ in.) dasses hy erecting
the limit odinates at + in., + in., # in., and so on. In practice,
the construction of thc ordinates is really unnecessary sinc€ the ruled
tines of the graph paper enable the basc iine readings of the limits
to be taken dir€ctb and rccorded.

Avcrugc or mean hneth. The sum of the base line readings divi-
ded by the base line lcnglh gives the mean leigth in units of I in.,
the class interval. Multiplying by 4 expresses thc inean length in
{y inJ 'rnits. We are actuaIy finding the mean height of ihe cur"e
by dividi g the total area under the curve by the bast length. A
study of Figure 5.6 should show how tlrc arithmetic work.

Ma.xinun lneth. This is read directly from the diagmm.
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Modol length. The mode of a frequency distribution is the class

value of the- class witb the highest frequency; in other words, the

most 'fashionable' value. Since distances along the base line are

assumed to be proportional to frequency, the modal length \a'ill be

siven by the cliss whjch has lhe greatest base length. In Figure 5 6

ihc modal l"ngLh is therefore l ;n. We will meel this rrrm'modal
len$h' again when the Shirley Photoelectric modal stapler is
described.

Fisd. 5.7. Cc@ki.d .ndltit dJ Mb sot" didera

'Efictite tength. This value has becn defined as the l€ngth of the

-"it t"lt oith. t""g", fibres. It is obtained by a geometrical-con-

struction on the sorte; diagram, a construction which also prodr'rces

several oth€r useful quantiiies Figure 5.7 illustrates this oP€ration:
(l) Qis thr mid-point of OA, i.e. OQ. - ,OA.
izi n--'" Qao* qp' parallel to OB to cut the curve at P''
13) DroD the D€mendicular P'P.
iqi N{.iL .ff br equal ro loP and erect rhe PcrPendicular K'K
' This is a 6rst approximirion to the effective length'
/5) S is the mid-Doint of K'K.
i6i from S draw SR' parallel to OB to cut rhe curve at R"
(?) Drop thc perpendiaular R'R.
{B) lvdark offOL equal to lOR.
iqr E-.t.t'. 

"..o."aicular 
L'L. This is rhe effrctive length'

' rrt*.... oir. i. t*o DoiDts to note about this construcrion The

short 6bres are, in the irain, iSrored; this action is jusrified sinee

the class€rs deliberately reject ahe short fibre when hand stapling'

Furth€r, the etrect of ihe initial raPid change i length Irom the

maximum is reduced, therefore the effective length is a character-

istic of the bulk of th; longer fibres. The term'effective' is used be-

causc it ;! to this length -valuc that many machinrry s€tlings are

rclated, in particular'ihc distances betwcen the nips of successive

pain of drafting rollers.
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Thc full geoinctric construction b not alvrays necessary in practice
since the tracing can be placed ovcr graph paper and the analysis
madc mentally. With a reasonable degrec ofskill on the part ofthc
operator in the preparation of t}le sample, the diagram, and the
tracing, the subjective €lement of the measurement is largely
eliminated.

Thc rclation bctwecn clcet;o. ie Bih and rta.pl. lngth
We have seen carlier that basis ofjudgement ofstaple differs bet\a,een
markets and types of cotton, These diferences can be accommo-
dated by making certain corrections to the efective length. Lord
and Underwood report that, 'For American Upland cottons, from
about I in. to l1 in, staple and classed on thc basis of American
Staple Lengih Standards, a simplc conversion lormula is

American staple : 0.9I X etrective length
For Egyptian-type cottons no staple length standards a.e in univer-
sal use, but on the averagc it is found that the staple length is equal
to the effective length.'

Incidentally, in the same atticle (Ent. Cott. G/, Ra, 35, No. 1

(1958)) a neat d€fiflition ofthe eff€ctive length is given; 'Ihe effcc-
tivc length may be defined statjstically as the upper quartile of the
fibrc len$h di$ribution curtail.d below the value equal to half the
efcclive lengrh.'

Pdc.ntag. rhortlbre , {

This is the p€rcentage of fibres less than half the eflectiv€ length.
In Figure 5.7 the pcrcentage short frbre is therefore given by:

RB

- 
x 100 (per cent)

OB
Disodskn
The uniformity, or perhaps more aptly the variability ofthe cotton,
can be expressed as the 'inter-quartile range'. In Figure 5.7 L'L is
rlne upr6 quattih aj|:d M'M b tt.e louet quartitc, \ ,hcr€ OM : *OR.
Thc diflerence bet*,een L'L and M'M, NL' is ihe int€r-quartile
.a[g€. This measure of thc dispenion may now be expressed as a
perccntage of thc cffectivc lengtb :

NL'
DisPelsion : 

- 
x 100 (Per cent)

, L'L
Here again the inriuence of rhc longest and shorte.t fibres is

minimised. Simply stated, the flatter the middle section of thc sortcr
diagram outline thc lowcr the dispcrsion.
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A not. on tlu An.ican methbd oJ the analtsi: oJ the lbe Lngth distribation
A targer sample is used, 75 mg as against about 20 m8. Separation
into classes is accomplished by means of two sets of combs, but the
groups of fibrcs arc placed on the velvet pad sepdrately and later
raked into groups so that the range olfibre length in cach group is

+ in. These $oups are ihen w€ighed on a sensitive torsion balance.
A $€ight distribution is obtained and, by catcqlation, the 25 per-
centile (i.e. Ist quartile) is determined in order to give a measure of
the staple lcngth.

Additional calculations are made to d€termine the mean length,
the variancc, the standard deviation, and the coefficient ofvariation.
The details of thcse operations are found in ,4.S.T.M. Hotdbook Jor
Tenit Matetials (D 1440-la5s).. (See Morton' W. E., and Hearle,

J.W-S., Phlsnat Pnpenies oJ Texrilc Fibres, p. 94 (Textile Instilute;
Burterworths, Lordor, 1962).)

T1L 'Ustet' aPle diaeran apqaratlt
Tbis instrum€nt is made by the Swiss 6lln Zetlweger Ltd. It is de-
signcd to reduce the time tak€n to produce a sorter diagram and,
at the sam€ timc, eliminate some operator errors by the use of
mechanised 6bre control systems. As with other methods, the samp- .

ling ,rArst be unbiased. Drawframe sliver may bc used and has the
advantage ofwell mixed fibres. Where raw cottoBis tested, a samPle
b€tw€cn l0 and 30 mg is prcpared as descriH in ChaPtd 3.
Repticate samples are recommended, two for drau{rame sliven and
thrce or even four for raw cotton.

The apparatus consists o{ three main uaits:
(l) The mechanicat comb sorter and transport comb (see Figure

5.8).
t2) The tuft forming unit.
(3) The gauging unit.

The sliver or sample is placed on the bed of comt. and the top
combs lower€d into position. A sliding grip handles the 6bres and is
Srst used to remove anr protruding 6btes. Fibr€ remova.l can be
continued after one or two-comb,s have b€en droPped; in this way
a form offibre sampling by the'squaring' method is achievcd. A raw
cotton sampl€ should be laid irside thc front mmtB, ther€fore one
or two combs must be dropPed and lifted b€fore fibres can bc trans-
ferred from the cornb bed to thc (ftnsport comb.

The sliding grip is rxed to transfer thi fibrer from rhc iombs to lhe
traDspor!' comb, thus r€sulting ifl a build-uP of a fringc of fibres
whosc dght-hand ends arc nominally aligncd (nominally bccausc
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clrmD,e

Fisw. 5.8. m.'Utt ,' statld

the combs are sct at 2mm intervals and, therefor.e, there will be a
spread of 1 I mm about a mean linc). This sprcad compares favour-
ably with the spread ofthe aligncd ends ofa fibre array on a velvet
pad.

_ With sliver a random sample has been selected becausc the right-
hand ends of the fibres have all tcrminatcd ir a givcn sliver volume.
With raw cotton the whole sample its€f should b9 unbiased if
correctly selectcd.

The fringe of cotton is transformcd into a tuft by means of a tuft
forming device whidr produccs thc Erfr clamped in a holder. The
dght-hand ends of the 6brcs are thus gripped for a distance of* in,
along their length.

The ncxt operation b to measure the thickness of the tuft at
intervals between the point ofgrip and t}e fip afrhe ruft. This is
dooe by the gauging unit. The ruft is placed inro a narrow stot and
a fccler Iowered on (o it. A consranr pressure is elierled b€caus€ the
fceler is spring loaded; in order to reduce friction effecrs and, ar rhe
samc time, pack the 6brB, an etectrical vibrator maintains the
fceler in vibration for abou! 30 s€c. At rhe end of this time thc
poi$tEr ofthe gaug€ dial will have reachcd a consrant position, thus
alowing a .eading to bc taLen. Siqca the tuft tu gripp€d for it ill.,
the 6rst rcading will be thc thickne$ of the tun it ; in. from ttrc
aliFcd en&. Succe.sivc rcadings are. taLen at ]| in. intcrvals by
lifting _thc fcetcr, moviog thc holdcr along *;in., and lowering
thc fcelcr again. A serid ofrcading! is takcn uiitil the tuft tips hav-
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been reached and the slot is empty From the reading! a staple

diagram is derived.
fhe underlying theory of the measurement is fairlystraightforward'

fh" pause re.dine is propol tional to lhe thi'knos or cross-seclion

or rl! tuir. rn. tfiick;ess will depend, in rurn. on rhe number of
6bres in the cross-s€ction and the cross-section of the individual
6bres. If- the lattei is uniform, then the gauge reading rvilt bc

dir€ctl-v proportional to the numhr offibres in the tuft crcss-seciion

,t 
",ch 

ooint ofmeasurement This !vill be the case rvhen, sav. ra;on
stoole is beine examined. The hishe'L Ieading wjll Iherefore be the

fi..i o".. Tu-lrh 54 si\es the riadings obrained on a sample of
r,isLose ravon rouine io consL'urr thc fibre diagram all the readines

are con..,red ,o pi...ntug. values relatire to lhe highcst readinq'

The percentage vilues ar; then Plotred against.the Iength and the
(urve drawn (:ee Figure 5.9).

T.bl.5.4. thtn' Stopt. Diogrd Al\a'db Rddine'
(Marerial: viscce rayon st;PI. tak.n from rovins' ll denier, I i in )

3

5
6
7
I
I

l0
II
l2
t3
l4
l5
l6
17
l8
l9
20
2l
22
2'
24
25
26

.27

590
564
562
556
536
520
503
490
418
+?6
466
459
458
455
455
44X
4t8
+o7
394
256
158
82
2A
l0
3
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100
98
97
94
9l
88
85
83
8l
80
79
76
78
77
77
75

1l
69
67
4'
27

.t4
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C@utotive frcquen<, p.rc.ntog! +
Fis6.5.9. Fibt. di.stdn d.ktnitutt b thr.(J!b. alrdnbs. yA.ok rc)d drr.t*ir.ttudJto tMnz

With cotton fibies a complication aris€s. It is kno$,fl that thc
cross-section ofa colton 6bre is not uniform from root end to thc rin-
Th€ thickest part of rhe fibre varies fmm abour 4 mm to 14 mia
from rhe root end and h€nc. the 6bre tapers towards both rhe root
and the rip. In rhe prepared tuft.ofcorton some ofthe fibrr(will be
clamped_ at rheir root rnds and some by their tips. The net effeci
is th_at when measuring the lhickness ofrhe tufr rhi maximum eauee
readrng rnay not bf the first readinq bur a later one. r*ererrhetes
it is still the itr6l rfading which is laken as 100 per cent. irresoecl
tive ofits position along lh€ tuft. and all the othei,eadings are con_
verted to percentagc values accordingly. Tahle 5.5 gives th-e readings
obrained for a cotton sample and Figure 5.lQ shous rhe resulrait
fibre diagram. The analysis of the diagam G carried out in the
normal \aay. An account of rhis apparatus is given by Honnegger
\J. Ta,.t. |Nt. A, P57 (t951\).

Exper;ence wirh this instrument has shown rhar ir is nccessarv to
use cenain corrections to the effective len$h drlermined by rhe
geoir€trical analysi! of the ,Uster, 6bre diigram, e.g. for cotrons
add * i ., and for rayons add * in.

Th' 'Shith)' thnto.t.4* statt t
Thc usc of rhe comb soncr enabld the effcctive Iength and other
us€ful information to bc extracted from a sample. but often .rl,
thc staple lcngth i! really rcquircd and thc lim.i"i.; ty ,h.;;-i

PRTNCIPLES Or. TEXTILE TESTING
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(x + i,.)
Dial

920
900
882
855
836
8r0
78t
J45
700
652
59A
532
468
39s
322
244
165
92
55
32
t4
5

4
5
6
7
8
9

l0
lt
12
t3
l4
l5
l6
t7
la
19
20
2l
22
2l
2l

100
98
96
93
9l
88
85
8l
76
1l
65
58
5l
43
35
27
t8
l0
6
3-5
1.5
05

I

Cunulotic lcAeft/ P'r"'tog' 
-Fisw 5.t0. Fibt tti.st@ ihk nned bt th'lJtkr' .l|eoeLt .l&i.D.ou , 6kt i

.f..titN rtath tdEth 40132 in
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sorter rnerhod is in many cases loo grFar. The phororlecrric staDler
has be.n devetoped for use $hnn quick.r rneisur.menr< of sraole
renglh are $anrcd. When hand stapting uas d;scuss.d r$.o poinrs
werF made: hrsr! that rhe short fibres are deliberar.lt. djs.ounted-a^d second. rhai rhe lFngrh measured n ih. d;,t,r";t;;;;;';;J-lrnes near rhe edges of rhe hand_prepared ruft.wh.,e rhe densirvol lne tuii rhangcs mosr rapidty. The dersiry of rhe lufr is relatej
to the number o[6bres. Srafling ar rhe exrremeedsF ota fi inoe. rhr
dens't) will be io\^.at first and rhen incrcase as the main bodrioirhetuft h approaeheLl. The .densiry grad;enr.can b. ,.gr.d";'; i;;rare ar uhich rhe rufi densir, changes along rhF luf;tenqrh. A;;.er(arn. drsran.F liom the extreme edge rhe density gradieir wi be

f- i."T,- and simitarly ar rhe orher end. -l hi photoelecrric
stapler dete((s thcse rwo poins and auromarically...o.a" ,t. air-tance betwefn rhem, i.e. rhc staplc lenglh as esrimared by eye bylhe cotton ciasser.

A samplc ofcorron is taken and 6bre frinses pr"Dared bv han.lIn &c prepararion ota fringe rhe shorr fibres?'.;-;i;;;,i,;;J
the remarn'ng fibres man;pulated inro a thin orderly frinqe ani laidcarerury on ro a smalt pad covered wirh btack vetver. Ii i" re.o--
mended thatrhe rhickness of the fringe should U. 

"r.f, r r,.t i...ei .rIne Dk.k vetwi can tle seen through the cenlral part where lhe
:-er.tsrly 's 

gr%test;. th;s prev€nE m€asu,ement! oi staple tengrh
ernng on rhe hiqh side.

'* ,'y"l*?,.u:r. Figure s.]l ). The pads are ptaced i4 turn onan endless beit iruide rhe srapler. The betr js moied by rlra ine axnoD and a r'rnge is broughr into posirion uhere two strips, ii'htratl across irs qidrh. Lighr reflecred from each jluminar;d striD-of
nbres ,alts on to one of rho phoroelectric cells connected in ouJosi-
t,on_to eaclr orher. The opposed cells pass a cunenr rrhich is'oro_
portronat-to the difference in lhe ;ntflsiry ofrhe lighr refle(ted f;omthe two ittuminatfd srrips of 6bres and hence is iubsranr;allv oro-
poruonal lo rhe densirv gradient midway bei"een rtre "rr;ps. 

j.ia-
uons-rn currenr are shou.n on a sensitive gatvanom"re.. a:ihe frin,.rs advanced irside rhe insrrumenr the galvanomerer deflecrio'n
stead;ly inoease, lo a maximum vatue, jidicating ,h. ;;;;;;
dens'ty gradient_ This occurs when rhe two strjp, of Iight s(raddl" arne across rh€lringe which is equivalent to lhe line which the corton
crassrrJudges by f).e and uses as onr of rhc Iimis for measurement.At thls point the scale of lhc insrrumenl reads zero, A swirch isnow set so lhat,sub-sequ€nt displacemfnrs of rh. frirg" 

"re 
.ec;;;;;rn lhrrty-seconds ofan inch. The fringe is advarced iurrher and rhe
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!,alvanometrr dellrction falls from ie first maximum value to zero

Ill"ri.'t*i 'i.rp' "iiili lit,*inu" the uniform crntral part of the

Iringe.

Pholoei<t'ic

'ellsFie, 5'11 Ttu'$'nlr' PhototLrtti' nodal nofur

Continuing to move the fringe, the galvanometer deflection again

-*o 
_u**"Ao- 

zcro in rhe oPPos;re dire'tion and atlains a

-1,i,,- 'f,t".'"r*. ihe rail "ni of rh' rrinse is straddled bv Ihe

lTX':?ll;fiH;Ii',,.* ..'.a t''*"""the two positions.ot

-ri"*r-]."ti,v g*aient may be termed the P'E sraple and the

value of it is read d;rectlv from the scale''";.";;il. ;l; ,i; inlr,,-rment has sho" n rhar foI the main range

"ril#i.;;:';;;iio", 'r" *"tt" rrom th' P E staPrer are.crose

-.*"..t "iu""f. 
f.r*th based on Amer;ran standards Anest;mare

of the €fl'ecti!e lcnsih is given bY

ttr"Jrive lingth - PE staPlr \ Il0
When the frinses a'e p''pared by an exoFrienced operatorr rne

dti;;;;..;.i"J' the highest and the losest val,es till be less

;:'j:'lo ";.';;"' or the m"ean val,e and rhe lensth estimat€s will

ii::ilf; ;;;, i; i + i' " medium stapre American-tlpe

::;'::l ;";";i *;"r.. ii" r. *.a ro (orrect anv smarr drirt in

;;::;:;;:; ;#ii;; 
" 
*': 

r $"': :i": Jff :':iffi :1Un flX!1;
For exampre, suppose th..-1": :Tll".i;;.2. ir;. ,a.io r.. ir,.k 28 6 and an operator obhrns a varue

:.:il;"1'- i;i; ;.n ihen rx correcred tv multiPlvins them bv

the facror 2d6/27 7, i.e. l 03.

5;:H:;;; ;;;;pu'e und t'"t o"' r'rnge is onrv about 3 min i

,#:'i,"";;;;;;ii'l"ngth e"timote c"n Le P'oduc'd rrom 6!e

fringes in a comparativ€ly short trmc'

Pod hold'.g ft ige or nLre
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Thc 'Fibrosraph'*
Photoelectr ic celts are uscd in rhis Amer.
ing rhe rensth charact;;;; j;::il; ;:il;T.ji#::j,'ff :::Tthose in rhe .Shirle), p.E. srapler. A frirg. .f..,,.r-; ;;p;;;; d;takrng abour l.oz ofcorron and combing rt try means of tM.o han.l

i"',,:, ii:llT.:i'iH1T:,,.":,:.;T1l-*T."ff{::',lli:J Iilil il:caught. rn rhe Leeth in a random paii...t"rg.ir,.ir'i."g.,i.. fr,lItbre lrrnges are placed on the measuring urut ,n such a \a.ay rhat rh.vI'. over a.,ong narrow slot U.t,;na 
",l'i.t .r. _.r*j-;; ;;;i:letecrric ceth. A tight source ittr*inrtes rfre ia"gi1;",i:r#::;;

l'ifl:lij,l';;T:l':t-::.c1i!: fi,,ss h measured ",*,d;;i;.Lne measurement the fri.
dcnsest region, r". ** ,r'. .",,,i'i#'tges 

are scanned across the
trares \^.,1 be a minimum. A" ,h. .,-;,i19 

th. light u hich pene-

nb* *d.. ,"^*. ;;;";;;; rs;;ilrii"ill:,: ffi;j,...,;:;ll:Ji::I he new'Seruo-Fibroqraoh' auroh,ricatty rr.;;il; ;;;;:,il
l,T. .1".1* of light reaching rhe ce s, not ,n rerms of intensirv nr,r,um,nation but as a special f... "ri,.q,;;'J;;ili;;:,irr";curve rs rraced out.on a card which is then rem.i.a f."_ rf,. i*i*-meDt and analwe.l

...jls.u:-..r.,rr;,1 shot^s rh€ type ofcurve produced 7nd rhe way inwhrch rr is used ro provide the required informarion. t-.r X Ue-.pornt on rhe cur\.e I in. lrom rhe horizonral axis.

Retorile nuiber of frbres (p€..en!l
Fisd. 5J 2(n). Abbln o! th. Fib/oetupn .uru

ff ',i;f#*+:;1;:q$ii,*'#$trx;;f, ;i:,i"it*:r,ffi



FIBRE DIMENSIONS ^ND 
qUALITY I55

Cofftruct lhe tangent to the curve to cut lhe horizontal at N and

,r,i..rtrJ *r" 
", 

eL oA is then the average length of 6bres longer

,i'",I ir. o;t.** .long ON represent rhe frequencv percentage

^f 6h'.r lonper tban + in.-;,"oi.;, ih; io p.i .*, mark, construct (he tansent sr-to.cut

'r'i ".',iJr "-;" ",T. 
Or is then the uPPd halJ n'an l?nsth of fibrcs

i:;#ffi; ffi ;;,";Jo,' a *eigrt a;iiit'tion rhe ratio oA/or
','i;b';; ;;;';,." the rengti uaforrnn' rdri' or the nbres rhe

upper h.rlt mean length appro*'mute" to t-he 
"taple 

length obtained

hv rhe cotton classers.

Th. Diritdl FibtoeruPh
i"i'Li,-. ;.rri,""l,r'. Digital Fibrograph pre5rnts (he test resulrs in

i,ii'"i;;;;;;;;;i i.#. Prercra;rv. a speciar 
-nbre 

samprer' a

'ir'r.**-a*'. is used to prepare the beards or lrrnges oI cotlon

+i:';;i;i;;i".;;tng ihe'beards bv a risht source is simlar to

i;::'lji:',ft .";;;;;i?"g'.pt' t*'r'";g;'rs trom rhe measu'! ins

;;.;; ".. fed into a 
"epaiati 

transi"rorised unit' The signals are

liJilil'".l, -".*L.J-ina 
'r' ""ur" 

ted back to rhe mea:urinq

;;;;1.; il' r$o four-d;git counrers racing rhe operator'. one

Ilil"''i' iiJrJ :G."nti rhe other. 'Lensth' A servo-forlo,'er

::.lil .;;;i"i;. pr'oto't"";' "it' inaicares on thr 'Amoun..

l'^i]).'.' 'i..'.J",,'. .umber of 6bres in the sample lreards at the

Jini"f'...,f'. fl*lt beam passcs rhrourh rhem A servo-compLrter

["'i,l*il.],i,. "l;-uer 
ot'fibre' at the-o ls in distance rrom the

""-i'.-"i"ir'" ""-r teeth and computes the number of 6bres

llll'ilJ.ii,i -'ii* aiC.*,i sp* Lengths \ahen a span reng'lh

:. "-rF.,.rr !h. .omb carrier moves untrr iire number of6Lres under

I'h:'i;;i'il,.; i, lq,.i,. ,r'. numr.r'r or nbres corresponding to

lii:,'"?;;l;;;,; ii. span rensth is rhen indi'atrd bv rhe Lenqth'

:::;i$'-';t$'t,;t;,l., i" ;i.t.'. Ihe movemenr or the comb

'" i,1tooor. ,t 
^, 

,t,. i*trument hcs bcen properlv che(kFd and 'ali-
*:l#I,id'i;;, ;;;pii r,u' r'"n prai'd';n the rishthousc' rhe

;:ii;". ;-"i;; on th€ consore is deprcsscd and rhe 'Amouni

.*,.t."uat 1500. Bv deprcssing rhe 50 Pcr ccnt sPan rengln

;:iil',;::i.;;;,: ;l',i'l 'r'.,"ri '"* 
*oi 7s0 and the'I-'cnsth'

..."". ":;ri 
indicate the 50 p€r cent "pan 

length ralue in inches

ii.i*;;;;;;l;;-rr butio"s are roi t : pei cent s L and 67'7

;*':.J;;;.i ;;.;;; sct or nxedJengrh Puih -bultons 
ror 0 rs,in-

E:;i;;l;;; o{5 t;. enabrc the percinrage or fibres shorter than

0 5 in. to be calculated.
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Span laneth. The rerm \pan lencth, i!

ln:".:I-b *... d ia g ram 
.a 

nd *n",, *, :l;:'.';$ lj;H: ?1,:l:J.,rror rep,esrnr a srrand of fibres *rgtt Oy 
".turnp. af i |.o"".

:-o::', ::.,h: rishr of (he a ramp are,.moved. f he,,_6., ; ;;;;;

:'ii:?i[iii1:i,i%il:::;'fi :r.::ff :?u;a::*:;:;:
I?lll1-T:"01.,-...-D is rhe 2.i per cent S.L. si_irJr, ,i.o/./.p.r cFni s.L. and 50 per cFnr S.L. "aro *n t..;.rrf;La. ii
ll:^o::l,ry'l"o our that ihis approa.h to orrrainins . ;;;;; ;i
-ili" 

je"Stn b more- rcatisric than the array or sor(er rechnioue
:::e.1 ts.a measurc qerjved from fibres orien,.a ;. , 

";_;r",-r^ilT"to hbres rn process, i.e. randomly arranqed rarher ,t., ,t. ?ir.ends co-lerminus along a bas. Iine.

'l2.OOO libres l'---.-:co ril...
D * cought here

Distonce D = 2.S% spcn Jength

FteLt. 5 t2 b . L,ptonatbn oI t\. k.a .!.1 !?r!th.

, Ifthe.2 5 per cenr S.L. r ere I.06 in. rh.n 2.5 per cFnr ofrhe hbresclamped u.outd be 1.06 ;n. or lons.r: jf rhe.c0 per r;;, S.L. ;;;:
:-1:.," .:n., s0 per .rnr of rhe#s.ourd r,. oj+ r^.'., i."g*i ,iunr,ormiry rario may be calculated:

S*,
u.R. = 'xtoo

c

-,1:^*l:lq r":," fr.,. n",,;,g'n"i1* u*een rhe draftin{ rorrer

i;5ffi_;[%T:ffi#j"il,,0* of such nbres '",t b..;;_
.. The floating fibre p",cenrage is de6n€d as the number of fibresthat arc at any jnstant berwee-n the drafring rollers,._;.*r;j';.,percrnrase ofrhe rotar number of6bres ," ;i,..,;r;;.iio;. " -" "
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At a I il draft this has been sho\\'n to be givcn by:

1s,.. I
Floaring 6breperccntac.: | --o97sl loo

LL l
wl:ere I is the average fibrc lcngth.

lf required, tl,e Disital fiblograph can provide data from which

a fibrosram curve miv be plotted and then analysed in the same

*un as-*h.r, rhe cr*. is produced with a manual hbrograph Thus

mean lenerh and upper hilfm.an length can be derived

As wiri all etecironic equipm.nr (he( king, calibration and em-

cient maintenance is necessary in order to 8et the best out oflhe
instrument. In addition, the Possibility of operative errors must be

recognised and at all stageJ sampling methods and preparation

techiique examined criti(;lly. Ptaka.h has publish"d papers deal-

ing with the Digirat Fibrograph and th" rcader is referred to them

(se€ Fur&er Readins).

The sledge sorter+

This soiting instrument is in tqo units, a miniature draHframe

which prepires a small sliver from the couon sample, and a tledge'
lvhich irolis the prepared sliver and deposi* the frbre in ascending

order of length as ii is traversed over a long tength of plush 
-After

a number oisledge traverses has been made, a narrow web of fibre
js formcd on the;lush. A scale along the eoge of the plush enables

th.6l,.e. to b. e.orp.d into lengrh classer and rh' qroups are then

weished. A $ri;hr disttibur;on of rhc 6bre h oLtaincd'
Tl,eoIisin,l ievi,.w.sdescribed in Jerail Lv \v L Ballsrs lonq

aeo as l 92l in A Merhod of l\lcasur ins r l,e Lcngrh of Cotron H'irs'
iandbook ot thc Stedu Sarirr, publi'hed bv tlaemillan Hc also eivcs

a l,riefer j*criptioin on p Sot ", s'q. otSrldnr af q'otiD incotta '
oubl hed bv Macmillan in 1928.) A (ommet(ial mod'l is arailal'le
iodav. man,rfacr"r.d bv l\letrimpex of Burl"p'sr' This firm has

"f'o 
heveloocd an auromatic \crs;on ol rhe shdge sorter' The \Fb is

deposited on a drum surface and scanned l,y a photoelecrric s)\tcm'
Tlie inrensity of a r.RFctcd beam of tight ir proponional to the

number of 66, 
"s 

scanned at a par ticular ParI of rhe ueb Variation
in int.nsitv is recorded on a (hart shich reprcs€nts the lrequen(v

diaeram oi the 6bre length Analysis of the diagram produces esri'

mates ofstaple length, modal lcngth, etc.

.Sc. abo Mdrton, W. E.; and H.arlc, J. w. S. Pbrt.t Pto!'rti" oI n ib Fibt",
p. 96 (Tddl.ItulituEi Burt.eorth3, London, 1962).
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Data from sledge sorter tests is compared with the results obtained
from the digital fibrograph in a study by Prak,ls]rt (Text. Rer. J.84,8si (r964)).

.l^,OO L FIBRE LENGTH MEASUREMENT

The two main methods ofdeterminatio[ of wool length characrer-
istics are the single fibre and the tuft m..thods. For research purposes,
or in cas6 wherc the time element is ofminor importance, ahe;ingle
6bre methoCs ha..,e particular merit and, as we shall see shortiy,
even single fibre measurement has been speeded up by rhe introdu.-
tion of semi-automatic iostrumenrs which bolh redu.e operator
fatiguc and the iime p€r t*l: The term ,wool 6bre length, is really
an indeterminate expression somewhat akin to th€ ,length of a
piece of €lastic'. A wool 6brc has a naturally wa\,y configuration
when free from applied tension ard the crimp is multi-planar, i.e.
rhe kinksjut out in alt directions. lfa 6bre were gripped at one end
and an increasing force applied at the other, it would gadually
straighten out until all the crimp rvas renioved-i* Iengih at any
instant no[ld depend on the load at the moment. It ii therefori
necessary to define the follou ing tcrms used in conn€ction with wool :

Crirnped length : Th€ disrance separating rhe ends of rhe fibre whel
it is not.onsrrained.

Fibre length: The estimate of the distance between the fibre
. ends hhen a tension just sufficient to remove the
" crimp has been applied.

Even thc lauer drGni(ion i, not too precisf since different operarors
may have diffcrent conccptions ofthe point rvhen fie crimp is ,just
removed'.

Siaglc jbrc n*hod!*
Ttu tuolorup! n.thod. This is a basic merhod requiring a minimum
amount ofapparatus but much time and patience on the part ofthe
operator. From the sample, 6bres are removed one at a time and
gripped at each end by poinied forceps. The measr-rrement is made
by pulting the t;ps ofone pair offorceps over the zero Iine ota scat€
and gently slr€rching the fibre un(il the crimp isjust remored; the
position ofthe tips ofrhe second pair ollorcepJ is noted and recorded

.u 6t" Idgtlt oI Me-Mad. stdtt Fibt. (q M.uo.nunt oJ sinlt. Fibtt). B.s.
Hardb@k No. I !, p. 29.
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in the rclcvant length class. In many cases the meas\fement may
be to the nearest centimetre or half centimeire. The data obtained
are analysed statistically to determine the mean length, coefrcient
ofvariation, and so tn. Assuming a coelicient ofvariatior of50 Per
cent for the 6bre lcngth in a wool top, and thc limits oferror to be
3 per cent of the mean, 1,112 libres must be measurcd (see B.S.
Handbook, p.27). Experienced operators are capable olmcasuring
about 150 6bres per hour. Therefore, $'ith four assistants available,
2 hr or so is required for the test (see Daniels, H. E. J. Tcxt. Iut.3!'
Tr 37 (1942)).

If errors due to different operators using diflcrent tensions in
stretching the fibres are to be avoided, standardised tensioning clips
may be put on to the ends of the fibres in Placc of the sccond pair
offorceps and the Iibre mcasured in a vertical position. The increase

in accumcy is, horvever, accompanied by an increase in the timc
raken (see Palmer, R. C, J. 'fet;t. Inst. a2, P23 (1951)).

Fizut 5.13. DioztM oJ iu W.I.R .4.lbr, IngL\ tuchitu

The llt.l.R.A.fbtc bnglh nachiat.* 'the Wool hldustr;es Research
Association developed the automatic 6bre length machine to retain
the advantages to be gained from single fibre measurement and at
the same time to eliminate some of the disadvantages, i.e. the in-
determinate point of crimp remosal, operator fatigue, arrd the time
required io measure a iufticiently high nurnber oI6bres. A sample
is prepaled on a pad covered uith black velvet rrith a short fringe
of 6bres protruding from beneath a glass plate The essential
features ofthe irstmment ar€ sho$r in Figurcs 5 13 and 5.14. Each

asce also B.S. Handhook No. I I , p, 87.
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\8, @d!, oJ ,f.i.R.,t.)

Fisul,5.14- m.ly.l.R..l. Jtb,t hhpk nehiry

6bre is p;.ked from rhF vftver board by a pair of pointed tueezers,
Ied rhrough the fibre guide. and over rhi anvit and ttre 6bre support.
Depression ota lever with the left hand brings down the pressurc
plate to tension the 6bre and, ai th€ same rime, a fine detector wire,
The nose of rhe r$eezeN is put into the thread ol the revolving
screu, in this way drau,ing the fibre sidervays to the right. When rh;
tail end of the fitrre comes auay from the control exercised Uy the
pressure ate. rhe derector s.ire drops, rhereby conracrinq a mer_
cury swit.h uhich srops rhe screw. The nose ofrhe treezers is rhen
fl;cked upwards t. iift 3 key ofthe counrer. This regislers one mor.e
unjt on the corresponding drum ofa bank of count;. Th€ kevs are
0.5 cm wide. The fibre is measured automaticatty, undera contioled
tension indep.ndent oflhe oprraror, to rhe nearesr halfcFnrimerre.
Up to abour 500 fibrrs mav be measured in I hr

On completion of the m;asurements rhe bank ofcounters has rhe
store olinformadon req ired for statisrical analysis, i.€. the disrribu-
iion of the frequencies in half-centimetre class intervals.
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7 h ronb sarrn. The simplest form ot comL sorler lor uool fibrcs
is a bed of aboul thirty combs spaced at centimetre or half-inch in-
tervals-in fact, a cotton comb sorter on a larger scal€ but minus
top combs. A diagram ofthe plan vie\v is shoun in Figure 5.l5 For
untuisted materials, such as stivers and iops, a Iength longcr than
the long€st fibrc is cut and pressed into the comb bed with one end
projecting from the 6rst comb (A). With t$'isted materials, such as

iovings and yarns, the sample is prepared by unteisting a number
ofstr;nds and combining them to Iorm a sliv€r' This is then presscd

into the comb bed tith a fringe projecting from the 6t5t comb and
the fringe cut oft square. With loose wool a sliver is prepared by
hand by extracting tufts of fibres from different parts of the butk
('zoning') and hand-drauing tbem into.a more or less parallel
sliver. In all cases it is dcsirable tlat fibre breakage due to entangle-
ment b€ LePt (o a min;mum

The next step is to remove and discard the cut 6br€s irom the
short projecting fringe and at the same time to square-off the sliver
end. A specia! grip uhich can be opened and closed by hand is used

u.hen handling the 6bres.
From the squared-off frirye' groups of 6bres are gripped near

their ends; drawn carefulty forwards out of ihe combs at A, and
placed on to the comb6 at B with their trailing endstoward the ftont

A **r;;"*'
rilut 5.15. Phn oitu of w@l conb 

'o 
./
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comb and thejr gripped cnds aligned at the back. A \!ire fork is used
to press thc 6bres honrc ir,io th€ comb ncedlcs. This process is re-
peated until a sufficiently Iarge sample has been collected at B. The
rcmaining portion ofthe sliver is removed lrom the sorter-

At this point it would be useful to see u'hat has happ€ned. In the
case ofslivers, tops, rovings, and yarns, an unbiased sample offibres
has been prepared by the'cut squaring' method. With loose wool
the zoning technique has been used and, incidentally, the'whole o,
the loose wool sample is transferrcd to position B, an operation
rvhich usually means that a few combs are dropped initiallv to
€xpose the 6bre ends.

It is now necessary to so th€ 6bres into len$h classes. The combs
are dropped successively until the tips ofthe long€st fibres are sho\t-
ing. These are removed and weighed on a suitable sensitive balance.
The class interval for the length.is derived from the number of
combs r€maining in the 'up' position and the pomb spacing. Thus,
if nine combs r€main up and the spacing is l in., thcn th€ class
lengthvalue is (9 - ]) x ] in., i.e. a] in. In general term: the class
lengrh is given by (a - ]) x d, uhere a is the number ofcombs in
rhe 'up' position and d is the comb spacing.

The various ciasses arc sorted by dropping the combs one by one
and r€moving the exposed fibres and $eighing them. The data is
then used to plot a histogram or a cumulative fibre diagram; the
various lergth characteristics can then be calculated. Note that the
results so derived are based on a.rag[, distribution. Ifa frequency
distribution s'ere required it rrould be nec$sary to determine the
fibre $eight per unit length and convert the ueight of cach class

The S.hlunb$s"r (onb rrrlrl. This instrument (see Figure 5.16(a)
and (b)) is an auto[ratic veEion ofthe comb 6orter. An account of
it is given in ll'ool &i. Reu. -\o.9 rI952) as folioss: 'The combs C,,
Cr, C3, etc., can be moved to('ards A and dropped in turn as ir a
gill bo,r. The sequerce ofmovements carried out by turning a handle
(or in Iater models clectrically) rcsults ir the grip G moving re-
peatedly over the combs tos'ards and then away from the squared
end of the top A and building up a tuft of 6bres uith ends aligned
on comb C'. The whole frame of combs is thcr traversed leftwards.
The moving leather beltr D draw off the fbres pr'q"cting beyond
Cr and deposit them on the brush B, from which they al.e removed
and *eighed. The comb C, rhel drop6 and the remaining combs
move forward so that C, takes thc place ofo1, the comb bed is again
lrav€rsed and the n€xt group of 6bres depositcd on B.'
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The elanpcd tdt ncthod
Known also as the 'combed tuft' method, this technique enables rhe
operator to obtain a u,eight bias€d estimat€ of the mcan fibre length
from sliven in u'hich the 6bres ar€ well ordered and parallel. Thp
apparatus required is simple. A bri€faccount ofthe method is given
in ttzaol Sri. Rea. No. 9 (Dec., 1952) as follows: 'The metal clamp A
(Figure 5.17) consists oftwo halves which can be screwed tog€th€r,
the bottom half bei.g slightly $ider tha! the top half to provide a
cutting blocL. It is supported vertically and a length ofsliver, several
times the length of the longest 6bre which it is likely to contain, is

opened out and hung from a convenie.t clip (not sho$'n) so that
it drapes over the basc oI the op€n clamp. The clamp is tensioned
uniformly by a clip B which is put on its lower end; and the top
half i3 then put on (as in the illustration). The sliver ;s combed at
each side of thc clamp in tutn so that all fibr€s not gripped by it
at some point are removed. The two combed tufts remaining in the
clamps arc then cut offand weighcd togeth€r, the clamp is opened,
and the lengrh ofpliver gripped by it also weighed. Ifthe width of
thc clamp is I/, rhen the mean fibre length is given by

Mcan fbre length - I4l x
total w€ight ofcombed tufts

wcight of clampcd slivcr

r63
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Figv. 5.17. Tlv cldftp tqlt tuthod

The estimate ofmean lengtil is a weighr-biased one, the same as
that usually obtained from the comb sorter. This method, since it
involves a combing procedure, may involve a certain amount of
fibre bteakage. According to Anderson (Tech. Comn. Ptoa 2, p, t9
(I.W.T.O., 1948)) the results are r€asonably reproducibte wirhin a
laboratory, and with one measurer the mean of three results will
give about 3:} per cent accuracy. It appears to be in use in a number
of works labomtodes as a control method-'

A further account of tliis method rrill be found in Wool tusanrh
Vol. 3, and Tcsting and Control, Chapt. 3. (See also Morton, W. 8.,
and Hearle, J. 'N. S. Physical holatb of Fibrcs, p. 109 (Textilc
Institute; Butterworths, London, 1962).)

Tlv \U.I.R.A. jbrc diagan na int
TheW.I.R.A. fibre length machine described earlier in this chapter
measures the lenghs ofs;ngle 6bres. but rh. fibre diaqram machine
opcrates on a draw of fibres. A separate unit prepares a draw of
6bres aligned at one end and sealed rith a thin strip ot polyvinyl
chloride, Figures 5.18 and 5.t9. The draw of fibres is tiaversed in
successive + cm intervals through a special electrode system which
'observe!' thc number of fibres at rhe ! cm poinrs. The observat;ons
arc trarulated into the movement of a spor of light rhrown on to a
sheet of graph paper rvhich moves forward in symphthy with the
draw of6bres. At each ] cm interval rhe- position ofihe spot oflight
is recorded on thc gaph papr by a pencil mark. When ihe endJol
the long€si 6bres have passed through fic electrodes rhe Sraph
paper is removed and the poinrs joined up ro produce thJfibrc
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Fisw, 5J8. Dt@ offbr* fd ttu wIR.Lftn aas"n na^k'

F;sl,. s.js. Th' @ins wit 
"J 

tt w.r.R.A. nb,, di,;B#:h{'"'' ''^.)

diasram. Figure 5.20 shows that lhe ord;nate gives tlrc 6bre length
and'the horizontal axjs gives the percentag€ of fibre. The ,owest

fibre Iength is about l'3 cm since measurements mr$t start clear of
the seale-d cnds. In practice this has not Proved a severe drawback
to the method. (Compare th€ 'Uster' cotton 6brc diagram in u'hich
measurement starts at t in.)

We have suggested in the last ParagraPh that thc elecrrodes

measure the n;;ber of fibres, but this is not strictly true because

it ir really the mass of 6bres which is measured by the electrode -
s.'6ten|. Fio$ever, tesrs have shown that the diffrrence be(ween a

l;ue cumularive frequency distribution and tie cumulative'fre-

Pirn, ol Texlile -12
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quency' distriburion produccd by this m€thod are quitc small.
Comparc the distribution produced by thc W.I.R.A. 6trc diagram
machinc and thc srapie diaSram prepared by hand (Fisure 5:20).

To calculatc thc avemge 6bre lengh from tfie diagram, the fibie
lcn8ths corrGponding to 5, 15, 25, . . . 95 pcr cent ar; rccordcd, the
ten valu€s totalled and divided by 10.

Thc machine may also be uscd to inv€srigate the length charac-
tcristics oltops of man-made fibrcs such as Orloa and Acrilan.

.3

I
I

I

(b) \Bt L,t*'-R'/)

nsq. 5.m. CohrdiM .I (dt diigd I,6 tlv W.I.R.A. jb tti.st6 tuhi u;th
(b) 

'trph 
dias,6 pt.ts.d bt hul--56' t"Nt b,,
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rLAX FIBRE LENGT}I MEASUEEMENT

A sorting machine designed by the Linen Industry Research
Assocration is descnbed in B.S. Handbook, p. 37.

ASBESTOS lIARE LENGTII I,IEASUAEMeNT

The lcngth prop€rtics ofasbestos fibres may be asBes6ed with the aid
of a comb soner using appropriate tcchniques.

M^llt,cr,ls.(Tertil. F;bu) mentions thc Qgebec Standard Testing.
Machine used in thc grading of mill€d asbdtos 6brer. Briefly, lour
scrc€ns of tray! are superimposed one abovc thc other and a sample
ofasbestos placed in thc top tray. Thc tray bottoms are brass mesh of
varying openness, the top tray having a scrcen opening of 0'5 in.,
thc next 0.187 in., and the third 0.053 in.; thc bottom tray collccts
material which dmps through the uppcr thrc€ ray!, A recrprocating
shaker mcchanism shakcs thc wholc assembly. Thus, long 6bres will
rcmain in the top tray and the shorter fibrcs collcct in the Iower
trals according to their lengths. The weight of material in each t.ay
is noted and qsed to gradc thc asbestoo. The more material in the top
tray rhe higher rhe grade, of coune.

OF FTBRE FINENESS

Th. ;ntottau. offb, ja./uTs
In the determination of the merit of a matcrial for spinning, the
fibre lcngth is often takcn as the criterion, uhereas for many pur-
pos€s the finEn€ss of the fibre is of equal and sometim€s of greater
importance. When irr€gularity is comidered in Chapier 9 it will be
6hown that even with pe{ect machines fie best yarn that can be
produced is one in which the 6bres are distributed along the strand
in a random order. Martindale (r. Tarr. /av. 36, T35 ( I 945) ) shows
that the irregularity in the strand is dependent uF,on the avcrage
number of fibres in a cross-seclion. Wilh a greater number of fibres
in the cross-sicqion the basic irregula'rity i reduced. For a given
count thc average number of fibres in the cross-section will dep€nd
on the fibr€ finenes!; the finer the 6bre the higher the number and
th€ lower the irregularity.

Another \{ay oflooking at this eflect is to consider what happens
when ue start with a given material and try to spin finer and 6ner
yari!. A! the yarn becomB 6ner thc numbcr of 6bres in the cross-
section diminishes ard the irregularity iocrcaid until a point is
rcached when spinning any 6ner becomes impracticablc and the
spinning limit has been reached. Starting with a coarse 6bre thc
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sp;nning Iimi( is reached fairly soon. Surnmarhing rhese ideas, rwo
po;nts emerge:
( l) If a given count is spun from a 6ne and a coarse 6bre, a more

uniform and a stronger yarn will result from the 6ne fibre.
(2) A fide fibre can bc spuir to fin€r counts than a coarse fibre.

Broadly sp€aking, the 0ner the 6bre the greater the 6tal swface
area available for intcr-fibre contac! and, consequenrly, Iess twi6t is
needed to provid€ the necessary cohesion. This is reflected in the
twjst factors used for differ€nt types af material.

The 6neness ofthe 6brc also affe.ts several mechanical properties
aDd lherelore influences the behaviour of the fibrc during processing
and the properties of the resultant yams and fabric. Two frbre
properiies of importance are the toEional rigidity (resistance to
twisting) and stiffness (resjstance to bending). Without going inro
the theor€tical aspects oI these two charaetcrjstics, i! may be noted
that a fibre which is dimcult to twist will probably be difficult to
spin becausc spinning necessarily involves the twisting of the fibre.
A stiff fibre will afrect the ability of the fabric to drapc and hang
gracefully. The fincness of thc frbrc can often play a more importait
rolc in the b€haviour of the material than its inherent properties.
Fo. €xamplc, if tbc diameter is doublcd its rigidity is quadrupled,
if incrcased ten-fold iE rigidity is increascd a hundred-fold. Even
rEaterials which are basically brinle, e.g. gtass, can be quitr flexiblr
if madc sufficicndy fine.

Ttu d.fa;tion of fiun st
If all 6brcs had perfecdy circular cross-sections it would be a
relatively simple matter to measure th€ diametcr by meais of a
micro6cope. Thc task b'ould be even simpler ifit were known that
thc cross-section was uniforni along the 6bre length and from fibre
to 6bre. How.ver, fibres e.rhibit a variety qf cross-sectional shapes
aDd thcy also vary in section alorig their lenith and vary from 6brc
to 6bre. It is neceisary, therdore, to dcrivc some index of fineness
which car overcome these dimculties and at the samc tinrc bc
comparatively easy to detrrminr.

The mass ef a cylndcr or prism i+ givcn by
. Mas - volume x density

\. : cross-sectional arca x length x density

Frcm this wc sec that mass ir dircctly proportional to thc cross-
sc.tion. Further, thc ma$ of a tnovrn lengih of mat.riat will bc
directly rclatcd to. the cross-scctioa. By measuring the ueight oI a
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known length offibre we obtain a quantily called thc lintat d'nsit!''

,,i ii,it'.i" r. *p*s:ed in terms of &'i3il pa lalr.it lmgth' ln Lng-

il:r;:;;;;; aeLirv is called either th€ fibn weisht Per.cmtF

[:l*:; il,;J;;i!r'i i.' *",;"'*, H rhr unit or weisht is

liil"ilr;*"","* ro-"IThLs. tlrc fibre weight Per centimetre ror an
'i)'"'a?i'iirr""a -uon mav be ls2 i e 

-leims x l0-5/cm'
-ii'iii,.".,','ii" ..iglt unii is th€ m;crosram (s x lo-0) and the

r""",i'""i, i. ,r'. i*r'l The linear densitvif tlre Amcrican Upland

cotion *ould be 4 9 Fq/in''"i;"... i : nu." *;ritrt in g ' Io-s7cm, and the Anrerican lineat

densiw = fibre weight in g t lo-liin ',
e-..;.un'lin"u'-d'"'itv : H x 2 54 x l0.l

For example, H : 192. Theretorc'
' "'a-.il"'i r,"..t a.nsitv = 192 x 2 54 x l0-r : 49 sg/in'

G#::;;;;;,;;ni i" tt'' ti"ea' d"'skv expressed as thc mass

in srarns of 9,000 meftes.)"'it' .i,.'Ji i.-"."a that ;t is quite posible to have 6bres with

,r"'i'iJ"i;"..' 
-a.""ities 

b,rt diilereni cross+ectiona[ areas For

:"";*i.. ;;;;-;iii, u t';gr a'*iry wirl have a smaler cros'

secriona[ area rhan a 6br-e of low dersity'

PRTNCIPLES OF !INENESS MEASUREMENT

G, atin.h i( nethadt
iii,,l a'.."'."r.., ,;me to ca'ry out rhe measurement of the fibre

Il.i'r'i'"* ..tti-.* oc' u': 'rh"n 
a <omb soner diagram has been

;.::i'fl:;Ji;;;;;;'.; given in B S' Handbool (p 40 in 
':he

r'at _'r:ri^n\ Fiv' rlrfrs oI hbre are taken at intervals down the

;;"?#;:'i';;;;-,J a 
'.crion 

is 
"ric'a 

out bv means of rwo

-^-:' Ll-,]."."t in 
^ 

hold€r at a spacrng of I cm' Using a large-lens

git$i$qi:"l:+r,,"r#[ir:f;T:*r']'.:l{f;{it
*:.irf,i ,...-,i^.* is calculated' This ftsult rnay then lrr ror-

:^:,"-',:;';-;;" (tandard fibre weisht per centirnetre' H" afrer

ffX"l:'i;".i;."';ii'"i* u"" a""''ined (maturiiv wirl b€

discuased )aier in this presenr chaPt€r)'
"};;il ;i:tii,;erhod is to'.place the tufts of fibres rrom the

,,upr"li.lgr;- o". *icroscope slide and covtr thcm with a cover

' P;i: i:"HI;,l *"'.'.1,'"i T,l ;iifr :: i:ii,1[,",i.",fi .i,i;"ui.''*:'T ;'i:',li,i.ir.i-*r'. 
"r,ill'* wirr b' $c sm' d $' H w P c'
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slip. AE accurate coun! is thcn made usins a Droiection m;..oc.^*
Aftcr the counr thc fibres are bundlcd roge-thei, a"nd fr"," ,h;;;ii:
a section ofkno$.n lcngth i. cur and weigh.a. fiu. t"f,. ur. triuiJ
rn thl3 way and the mcan fibre weight per cenrimE(re calculated.,rdi y'r'.r.' Five tufts_ from rhe sraplc diagram are laken, (ombed
stra'gnt. and a knoun lengrh cut from rhe middl€ ofeach ruft. AIIthe hbres are weighed ro an accuracy of I in 100 and rhe numbcr oihbres counted. The mean 6bre rveiqhr per unit lengrh is then cai.
culatcd.

-"ildn-nad. 
apf.fbr.s.f With individual comptere 6bres the trnglh

ol fach fibre is m.asured againsr a scale on a velvet pad. Two oa"ir
ot twe.zen are used ro remove rhc cr;mp. Each fibri is rveighei ona microbalance and the results used to calcularc tfr. nb*'*Jghrpcr unit length.

, llzootf Methods orher rhan gratimerric are usually uscd for woolbut the following mfthod can lx used. Afrcr .oInot.fro u nU-
lengrh lcst rhe fibres are collccted and thorouehlv 'cl€arei 

of oit-
allowed to condition, and then weigtred - . "-i*"U"f.."..'f#
total hbrclengrh is calculated and &nowing rhe number offibres rhcnore $,e'ght per unit can be derjved.
[.et , : rhe class length,

| - the nr.rmber offibres in each ctas, and,r/. the tolal ra.eishi ofalt lhe classes.
Then,

W
Mean teight per unit lensth : _

,.For a gi\en densiiy lhe reight prr un;r lenglh and rhe fibre
drameter are_rclared. Assuming a cirrular cros-secrion and rat<inq
rhe density of \rool ro be 1.31, the diamerer is given by

l'97190 w\
d s,., - I l-l tvlN\ \hN J

where ,/i!.the total weight ofthe 6bres, i miligrams,

'l 
is thc number offibres;n each length clasi oflt centimerres,

and
/s"., is the diametcr, in microns (determinedgravimetrically).

.8.S. Handbool, B.S.20t6rl96t. o. 40..s.s. x*ab""r, s.s. ioi6,ifril; ;.
iw*^ srj. .Ra. No. 8 (May, r9s2j: patmcr, R. c. p,e. rnt. w@t 7.,t. o,!. 2,p. 13; P.lmcr. R. C.r. 7.,t. IBt.12, p.23.
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Cadal rnar*s
rll Sincc reqain affects the weight. it is rsscntial that thc tcsts are' 

carried 
"out *ith the 6bres in equitibrium with a standard

restins atmosDhere,

{2J The b-atancctmust bc accurate ro I P')d in I00 and 
'hecked 

or
calibrated before us€.

{3) The aoDaratu! used for cutting the known len$hs should be' 
"ccurari 

and checked from t;me lo time Where razor blades in
a brass holder arc used, too much pressurc may splay the blades

out and cause the lengh to err' or th€ long side' Fibres should
' be combed slra;ght before cutting.
(4) Random samples should be tcsted.

Ootial n.thab+
T'he rechniques of micrometry are fully described in the standard

textbooks on textite microscoiy, listed at thc end of this chaptcr' It
should be remembered thai wnh natural 6b&s the shap€s and
idiameter' of the cross-scctions are subject to a greater degrec of
variation than those ot man-made 6bres. To obtain reliabl€ relults

it ir therelore necessary ro measure a large number of 6bres, th€

morc variable the measured dimension thc higher the numb€r will
ha\e to b€ to eive resulis to a desired accuracy'

fo. th. -.i,rrement ofdiameter, Hevn \Fib" Midorcopl p 9S)

recommends th€ use of a sPecial microm€ter in which rhe entirc

micrometer scalc is moved ;nd the readings takcn from the micro'

ln Fibft Mntuscal, (p. 257), Stores gives the following m€thod bv

which the dcnier oia dbrc can be calculated ifthe densitv is lnoi,ro:
iCross-sectionat area is m,'rsured by p'ojecl;nq on to graph Paper
ten or more images ofs"ctions. The scale is calibrated ;n microns by

i.o"" "fu "tug;-i.-m€ter 
and the number ofsquares covered by

if,. nu.. *oilo* counted. From the averag€ cross-sectional ar€a

the denier ig calculated by subsrituting in the formula (see below)'

care beinq taken to convert rhe talue for the area from squarc

-i..ons to'souare centimetres (l !r - l/1,0o0 mml '
i;n.. rl. i.*e', D, is the r.eight in grams of9,00l m otfilament'

D:ax900000xA
\rhere a is thc cross_sectional area in square centimeres ard A is

th€ density in grams per cubic centimetre.
.\lono.,lv 8., and }i.arL,l. w S. Point out that 

'onsiddabl' 
sldfl in *'Iior'",iii'* 

-a .,it"*"-, ..L"*...i i' n.c*"'v MLlcadins r6ulR mv.b'
obr.in-.d bY in.xp.ri4..d or*tzto6.lPhr'*al ho\att oJ t?',t,. rtds' p tzo

(Textile In;rnubi Buii.Morth!, London' 1962) )
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The densities ola nurnber ol fibres are given belon:
!y1", l,l + ,Teryten.. 

I.380,1on l.l7 Acrrale I.3tVnara 1.25 A.err're \TiO, delusrred) 1.33

Pt d !.28 Cuprammonium r.52srtk I. t4 \'isrose I.52
Note.-Where rhe fincness is required;n mill;lex uni6 the formula is
modified slightly:

Fibre Rnencss in millirex units : a X loa X A(Arillitex unit la ttl€ weight in.miltigrams of t kln of m-aterial)
rh. ptallc n hod J u,oo1. The recommcnded method of usins a

p,oje.rion micro..ope ro mFrsure rhe fincness ofu.ool is describ-ed
in detail in Chaprer 3 ofth€ W.LR.A. handbook Testine and C|ntrol.
th" :1i"9.'d procedure is sivcn on p. 57 of B.S. Handiook.r (See
dso Wool Sti. Ret. No. I (May, 1952)).

. Bsenlially. rhr merhod is lo mount a sample of \ ery sh^rr cut
lcngths of 6bre in a suirable mountant and to project their images
on roa screen carry;ng a movable transparent scale. The IengtLiot
lhe precrs are I mm or less and undcr rhF microscope thcy look
like little cylinders; ir js rhe .$idth of these cylinclers which ;s
measured and rccordrd. 'Ihe choice ofthe rnountanr is importart
since it must n.r aLsorb $arer (ro prevenr hbre swelling), it must
have a refraerive index of berueen I.53 and I.43 1ro gle a ".ttdefined imaset. and i[ musr be capable of ai"ped,."e rh. r;";
c1)index ofso.l. Cedar sood oit a,,d liquid pui,m" i",. r,e."
fouid suitabl€.

The mrasuring rcrhnique qivcn in.che B.S. Handbook atmcxr
elimindres rhr chancc of rhe seme l,ic.e ,,f fibre Leing mea.ured
tvice. When rhc resu[s are comptcie rhe calcutari,rn o"f rhe mean
diameter and rhe mcfficienr of rar iarion is carricd our. Ir has bc(n
fo-und that for unblended wool rops and rr.orsrcd yarns rh" c.rffir;eni
ol variar;on li€s berueen 20 and 28 p"r cent. This dererm;nes how
matry 6bres must be measured to give a resutt ro a desired degree
of accuracy. Thus, for rhe resutr to l.)e nithin 5 per cent of"the
population mean ar rhe 95 per.cnr.o^6den.e inrervat, ar lea,r
100 fibrcs mu,r be measured. To be tl;rh;n I per.enr, the nu,nbF,
rises to 1500. Where the co€mcient of variation is higher, e.g. in
blends, difi'erent limits *ili apply and the numUcr ofmiasurenients
lo eive the same per.cntage !(cura.).uill corsequcntly be higher.

Because rhe actual rross-secrion, i.e. a section at .igh(-u"g[. to

'8.S. Handb@k, B.S. ?043: t9i3.
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fie fibre axLs, is not measured' thrs mclhod is called the-'pro6le

-lrr'Ji r.r*r,",r"" of rhe wool hble-crns*"tion b made when

l'"iia", "rit..',r;r, "r 
ellipricirv of rhe frbre is rhe obiect of the test'

rr:'.^h;) ."nhahtr; lol l,o0rl 'l'here are times when it is 'ssenrial

'.,',i"'.*"il;:1#il;.'*J"" "i" 
*-t *'ore musu be obrained

with the utmost speed as, for insLance' when ihccking deliv"ries-of

i"';l i; ;:;;;;i ;;ihe r apid com pararor method is given in r/tor

c.i-- n-,;",, r\o. B. Mav, t9r2J lrom wnich the not€s $hich follow

i'ff'b::';';i... "i.;:;,".i,;'"! 
'r 'r' !'ool are prepared bv a

il:;;;;;;;;,","-e. An imase or rie 
'ross-section 

or the fibres

i"':i;i ;[i..';J", " -asni6'ation or500 rimes rhroush a Proje(iion

;i:',';I;;:. tr.. -.," 
-aiam'r- and,'tandard,t'Jf 11t1'":i';

estimated rrom rhe projrcrcd riig'-:l J;;i;il" combinarions
phorographs ofslandard 'ross-secrrons 

gr ' "'s,ir^'"f ii"*.,.r. r, ;
"f mein 6bre diameters and standaro o

;;."";";;;i '. 
have the rrandards arailable as a 3s rnm film

";;.' 

iil;; ;. Projcct€d at a maenifi'arion or 500 times and

]iiJu,'",a. r.' *Jv 'o'p"'oon 
Pohl' 17err /nd Vol l14) has

.reoared su<h a hlm srrjP \Lhrch (omP;irrs. sixtv-frt' ::lL"'j
lllfl.o.* -'"'r.g rhniecn gr"d" or *ool top ransrnq rrom

;ii";iff; *;,.i n"" a;mJ*^' srrndard d"viations or 6bre

aiu-.t.t fot .u.h grade of toP '
"'il";'^;';; 

"i this m'thod is discus'ed in this art;cle It is

Doinred out thar in older lo a(hreve atr aruracy of about 21-per

I-"-' -' - 'r" '1"-'e of ac(Lrra'Y required to Place a top rn trs

illi;i';"lli,"J'=; ;;.;;;;;i "i 
[;., ".'.n 

romparisons rourd

i".',.o,li.a r,i.irl. n"er wools and even more tor rhe coaber tlPFs'

i".;il;il iI is a quick i€st uhnh q;rer d meas,re of rariabilitv

in addilion to average fibrc diametcr'-.
"'lii^*il, 

"f'ni"s b) tibn."P? Th€ a"ura'v of rhe esrimare

"f;i;:;i";.i.i 
bv projcction -;6165rnnc is not of a high order

.^'hph rhc fibre has an irregularly snaPid cross-section Air flo'v

-lii.a, ^"v 
bc used, and 1,r.,-r]:L::TirJli:ffi,i;J,,;i;' extremeli usefur,.the '*'r" c'':.X: T::.'"-;i'n".^,lr..ii; **r,

rha samole and there are certarn la((or

l'li pllf,"p" 
'i,. 

-"r.adin8 inrormationtee ii:1' I f,;I1,#i
46. TlgI (1955)) We have noted .a
ili,r'"a 

"r 
h."#i"i"g fibre fineness is to measurc tbe Gbre'weight

;:.";;,"i;;n; ; *J'imetric mcthod u:ing a direct \reishins or

i-i r.**1.'a'i iniirect mecod of.esrimadns rhe mars per untt

i.ii*ii"ii i'ni*'o, varn has becn developed 
-and is based on the

iheorv of vibrating stnng:'
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. 
When a violinist runes his instrumenr he adjusts rhc rension in each

:l:i:-1,_,,1 
the pirch-of rhr nore produced 6, to.,l,s 

", ;;#ilrnc srnng rs correct. In other *.ords. rht
right rrequency. rhe ,ioil ;;, il;?ffi:[:-. i.;:f il:;:,8:Ijllii'l'.ll rhe E srring being rhe hish;st in pi,.hd; ;;;;i;;ocnrer o, the_slrings varies roo, the finest being ,t. f ""ir* "rj,i.::.l11.t lh..c. From rhis preambte ;, _"y l. t.r.,*j ir,"i r,.lquency, tensron, and 6neness are related quanriries.
Let .11 : the mass per un;r lenslh ofa DI - the lensth, - ' 

erGctly flexible string. '
/ rhe narurat fundamenrat frequency ofvibrarion (c/s), andI lhF tens,on in the s(ring

Then,

From t.hich

I l/T\

'-; J\*)
,,:,(:,,), .. (s.r)

," :::]o.j ll. ,,,"1 in r;g,r. siir. e sr.;s (or 6bre) ofrensth rrs cramped at one Fnd, led over a Lnife_edge'suppori, tia;'B;.;
'^e'ght l4-and is induced to vibrare at iL ,i i,*i r,.a-._J;,,,ilrcquencyl

Substituting in equation (5.1).
Wg

'11 : 
-t2r ,,

JJ:)li:I*"t of the os, irration, r, r" 2, ..a equar;on ,s 2)

Wg

^2ft, o cxpress .rr rn rerms of denier. equation

x 9 x 105 denier ... (5.4)

(5.2)

may

. . . (s.3)

(5.3) car be wriueny,e

A'Jz

, Srveral inslrumenls, lnown as vibroscopcs, have been desisned
::-T:ll: q lineardensity ornures an.i rraw b..";;*;;:i.;
la:i9us Journals-(sec thc reterences at rhe cnd of rhis .f,"pr*i elouthne ot the'Vibrascop€' developed by rhe British R;;;; i;:sear(h nssociar;on and manuractr,.ia commercialy Oy r_",it.-li.*_
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I

,t-.P
r,i/i
i/i
r

dr
Fisu" 5 2I Tht t;btutins sltirg

mark Ltd is siven here, (The notcs hare been laken from a descr;P'

ir;;';I;h. rii;.;;, bv Butler, K.. in slinnrrr si/r Ral Rcc ' laa '
1958;alsoin 8.R.,/i,4 7erl R?pri'?r No 25)" 

n l"r'"-*i. diaeram of rhe insrrument is shohn in Figure 5 22'

T}'" .,.#"J.t..i-.n is clamPed to rhe \ ibrator at A and passes

j.li'. i'r,.'l*r.;[*'i. ii.. .u'i,p ."a knire edsr are connecrd ro

a 150 V source sJ that the specimen is electrically-charged rrans'

verse vibrations of the specimen $;ll lherefore induce a cnarge rn

,'ir"t 
'***-S ,i,*"d mldway between the clamP and the knife

.ar" ""J"r"..a 
I mm from rhe specimcn The scrcw thus acts as

l"'I""a".J- irin. """at 
from it ii amplined suitablv and r'd hac!

;.'iil;;;;i;;;;",.:iiatory roop is roimed, thus ca,sing tht speci-

..n,o uitr.u," at;ts resonant frequency The \oltagc across rne

'ib.u,or.un then be fed into ihe f'Iequency mcasurrng (trcurt rno

tt 
" 

t .q,r.ncy "t 
th. oscillation indicated on the metcr'
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"-:::.: 
,l equarior .5.4), r,/s is i<not!n. 

^ 
is Inonn (2i), and rnas Dren a.curarety mFasured: rhe mass IlFr r:nit t.reih;;r-ii.i

le 
(-"lruldr,d. Ir-\,ouid O. po*iOt. rn,,,,t,,t" t,..,";;;;;;.:,i,1:;d.nr"r Jnsirad of rr^qucncy, bur ro do so ,t..rtd ,.4;;;; ;;; ;;;:ot rtF rnyrurncnr. To enrure rhat a ranqe flom 0.4 ro 4j0 deniir.an Le arcommodared. se\F,al r.iqhts are uscd. rhe merer scaled

::::.91..,00 ild i ,""rihration ehait pr.parea r.. *.r, ,,"i*r,i, ,iIcL,nes^rrerng pto(rFd from equation (5.4).
. A rrhnemenr lo lhe estimation ofrhe denier is possible bv corrett_,nq rhe.resulr ro al.w tor rhe sr;Fnes-.r,h" 

"p..i;;;. Si;;;;;i.".fibres have ditrerent vatues for youngs ;"arf*, ,f,.".f..,"jialloqed for by us;ng cquation (5.5)

tt/g I R /.8-\r,
^r. _/. e.16"11 ._ /l-._ll ...,.."

^?1, t r,/\r/J '""
\^herF R = rhe radius ofthe specimen-1 rhe lensth, and

E . . young.s modutus

-.E),-per;ence 
u irh lhF vibrosrope has proved rhar reprodu.ible andaccurate resujrs can be obtain.d even Lt ,r"Ul.d .Je;;;;;;;;;;rs oruy necessary. to.mount rhe specrmen "" ,h. ir;""_.ri, ;l;;tnr drdughr exctuding cover, and read the rn.r*_"" 

-.i,1ri",,]
manrpualron oJ sensjrj\e appararus is required. An;rr,;r;;;;;;the v,troscope rlpe {but nor the B.R.RA. *.a.tJ ** *.j't"Ilorton in his invesrigarion into rhe 

""rirbili(y oI;r;;*.;;Ii;
sampres or varlous srapt" hbrcs tJ..T.,,t. In .li,t+zZ llSsey.i 

'

The measurement of6bre 6neness by gravrmrrrir and mosr 6h,i.irmernods rs noi rvejt suited for mi ro,,rinc lesrjnq i" *hich.D;;-;i(eslinq is of major impoflance, nor c!.en when some ac.ura.v i(sacrrnced rn,order.lo obtain quick results. In recenr y.",., ,""i;"*rnstrumFnls have been derelopcd whjch cur the ,..,j;;;i;; ;';Iract;on. offering the m;lt laborarories tt,. opp*trnirv" of;i u i.itiass$rng rhe quajiries ofraw mareriah and of'rrirg,f,.'irr.ri*"."i
ta rherelection of.suirabte \ rrieries, and atso r" .fr.'.t ,f,. a.llri,f.r.nxxinq, variations beru.een bales .un U. 

"rnoott.Jou-t-?nd_reasonabty unitorm blcnds pur rhrough,h; ;;;i;;
1S"c,,r.5. 7, /r1. Dl 577_60T.
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ThesF modrrn instrum'nts are-hased on air flo\v Princ;Ples'

c.,l,rirrl"* l.-.":r,,^t, a somple ofa lno*'n ueighr is comfrcs''d

;;; .;'lt";"] ," " kn"q n r'"lum" a nd \ubjP't( d ro an air ( ur I "nr dt

; ;:{'; ;,.",,.. The ratc or air flo'v.rhrough.thh p:rous pr'rq ol

Iti,.";, *i"',,.a. rhc flolv m're' orren.beinq ealibrated tn"term> ot

il.;;:' r;';;;-;r vorume per unit time 'q mi'rons ror $oor'

mi(roerams per inch torcotton, - . ..rmediaisourside(hes.ope
The theon offluid flow through Porou:

.r',ii;';;":; .;;;. u-"t'f ;1iq'1.;;;ll:: 
J:,#::1.nJ.'l:

.letailed ;nformation is referred to the rr

ll'lii,'i,r,..' N"*rtheress' the xnderbins,iifii',';:,HLi:
appreeiated by con'idering a.stmp""'" l^(,i,;;;; i"..r,,*". *
.r'ip u.,".." air flow and.nbte.hneiS";;Yffi,i,; ,ois of rarg.
similar dimersions $ere frlled $jth ll)i.-l,ii,'in. ",.*" ,;o
.liameter. or (2) many rods ol smalr o

:iil;i;;t.l;s chosin so that'T f:fffi:'fi'[;i::ili;;l:
equat (<ee Figure 5 23' Ifairrvef tr"torr' ''""-iir. ,u,. i,f ui. no"
ui tt. .u-. Pressure, it. h'ould o' 1",i,. -." (housh rhe space
rhrough tb) sar ress than 

'nl ":"8: :';: i., i."ii,".iii,a." ft.
ttrro,rgh "Li.h 

the air pas'es ts the larx! 
i", -.,. ;a *.f*. ,.

reasoi;s that rhe air flowitrg 'nf"ci -( ihJ ;i, i;;'-anne, similar
flow oast. This surface ac$ as a drag on

to th" dtue o" the water by river banxs

rll
)

I

(b

Fisw. s.x. Anlou drdlb lndB'

Hence,
diff€rence
diameter

a difrerenc€ in the tate of air flow

in the surface area of the-large

'orts. This leads us to conslder tne

is a measure of the
diameter and small

l1.]rfn 't cile surJace'
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!rycr.6c 
surffe is defined as rhe ratio of surface areac.g. rhr sp€crhc surface ofa cylinder.

Ler rhe volume I/ - cross_seirional a.tea A , lengrh L
/d\2:"l-lL
\2/

where d-: rhe diameter of rhe cylindrr.
r nr su-rlace area (ignoring rhe ends) = rdl_I her€,ore!

Thus,

Specific surface S .. ndL .: ld" 4

fh;s rar;o also equals the rario 
"\;) ' 

= 
;

Perimeter of cross-s€ction nd4
,t(dl2), dArea of cross-section

I
Scr -

d

- 
Il follows.from this reasoning rhar, for fibres of circular cross-sectron. specific surface is inven.ly p.opo.t;o,ui ,;,;;6;;;;;i _eter. Therefore, by measuring tf," '.ui. 

Jf ri. no* ,nJ;.';;;,;;i:;(ondrtjons,.rhe spe(ific surfa.e of rhe 6bre can be d.,.._t;;; ;;;
:::::.:*l,ll rhe fibre diamerer. Then, by using, ;,t..i.; ,;:
::L:l:r, i,:l" materiar, rhe 6bre Leishr. p;.,.ii r.,sih .*id ;;.oenr?d. r<cJetring again to rhe rods;n F;gure 5.23, ir *ttt U. rot.j
:T:::T: ,1. rorar cross_secrionar areas"of rhe i",e;;;;;;.:":j"*. I."" are equat rhe;r weighs rli atrc be equar. Speakinsor hrres^rosread of rods. we miqht now 

".r.lra. if,.r fi. " ,i?.?snt of hb,e sampte rr,. .ur" or"o;. noru "iiiilt*, ;;'6;: ;f,:::than lor coarsr fibres.

,..In,tht discussion so lar lve have consjdcred circutar cross_secrions.

5::1 6],,:" are not quire (ir(urar in .ross-secr,on bur have anexrprcat shape \tirh a contour rario (rario of major ,o .iro, u*J
:r b.e"twe.n" t.r and 1.2. By assuming ,"ir"#;iy .r 

"i""r., 1tr.'lspe.,nc surl:rce wiI depend upon rhe mian fiU* aij_.,;,. ,fi.*for.the arr tiow insrrument for u.ool mav be gr"drr,.d;;;"r;;;nbl:.!:1:ler.ir.,sread or e;rher specidc sur6c. ..,"i. 
"i,i.-n"*:..Derore oescnbrng some of thc insrn,m.nts ;t is importanr to notelbat any facrors which may affect rhe *r. of ri. noi", nU.. Jl_.n-
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sions, or w€ight, will also affect the reliability of the results' It is

il.r.fo,. "".i".uty 
totest rhe materials in a standard tesring atmos-

"r'.r. uft.. condiiionine ln this way lhe air viscosity will be con-

Itant, the weighrs of rhi samples uill be measured at consiant re-

;;;',;i".., aind any swelling due to resain will be the same for

samolcs of similar fibres.--'it,- 
il.n.e. fruurs ruw lot uoot. 'fhe development of this

i*t*m"r,t cu" fe fotto"ea in parr by the study of thc following

refcrences:
Anderson, S, L. J. Tcrt. Intt. 45' P3I2 (1954)

Richards, N.J. T.xt lnst.45' P66l (19s4)

Anon. '1. Text. Lr,. 47, P960 (19s6)
Anor..1. Texr./,rt 49, P326 (1958).*--"il.i*i 

,"l. *nce ir, in fact, the Tcnrati\e Textile Standard

N". sf, iglg. It is mainly from th€se sources that the notes $'hich

follolv have been dcrived.-- 
it. s.r,.*t arransement of rhe appararus is shown-in Figrre

5 24- Als a cvlindrical chamber, wirh a Perforated Ialse bottom' rn

i'r';"r,, *rnot. oftool ofa fixed ueighr is' comPressed ro a hxed

..l,me bv ttie pislon P, which also has a perforated boltom Air is

drau n thlough'rhe plug of rool by an exhaust PUmp and lhe rate

"il;. n.* i-ia;*,.i b-v the flo-meter F This meter is a special

'ius, 
t,.,be i" which a liehr floar rises ro a heiqht depending upon

'"i"--,.-"f "ir n.*. the ire th"n b'ing r"ad off from the top of rhe

float asa;nsr a s.al€ marked on rhe glass tube'""i;;";;;;,.. 
droD across rhe plug or rvool is measured bv the

-.,.*ii* u, "r';+ .onskts ofa "i'noir and the U'shaPed rube'

Control ofair flow is bv means of the Yalve V'
Tuo methods ofcarD'ing our a tesl are possible: 

-
r l r At a constant rare ofair ffow (using a samPle o' l ) g)'

iri et a consrant Drclsulr difference (sampte weight 2 5 g)
' it i,s,sgar.d in rheTcnrarive Textile Srandard rhar Ntethod (21

i. *.'. ii;,.rf. for mill ule since rhe larq'r sample-needs,Iess

accuracv in $eiehine and has an almost linFar scale lo make.a

i*i t, (r.ir,.J iA a sample of2 s q h prepared and packed eren\
inro the .onstunt uolume chamber A, the piston P ptrshrd hom€

and secured bv a retaining cap. The oxhaust pumP rs swrt'hed on

and the valve V adiusted uniil tl'a Pressure di$ercnce acro6s the
- rir" .i*".t i" .q""i to 18 cm of t.ai'r' The height-of the.float in

ii.'no**.,.t is read and the;ndicated average fibrc diameter

'S.e B.S. H.natboo! No ll, P.5l' ES 3183:1959
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read to lhF neiresr 0.iF. l-hree spe.imens are rested
abo\e 30ir, and r\o fi,r \.oot betou 30rr.

for rvool

Figu.5.24. Setanati diae@ of th. W_1.R'4.fufls n.t t lar @al

...9:,,.U.*,-i 
of 

,th. fozanln. The flowmerer is .atibrated againstrvool samples whose d;ametFrs have tp6n -.u"ur.O bv the oioiec-
t;on. microscope merhod set our in B.S. 2043. e,."1.';. orJ*i.i.graduared in microns, and fixFd behind rt e Ro*rn.r.r.
^.Elcttt 

ofo;1. Oil on rhe 6bres resuts in higher rares of air flow (see
Rirhards' paper). The Srandard* ,..o.i,.,a" ,r,"i "i"* ";i';.present rhe sampte shoutd be cteared by two rin.inss ;n ]ipiipctroleum or.arbon terrachto!ide. Ifojt combed r"p" ri."grt.ity
test.d, however, the t;me taken to degrcase and .ondit;on rhe
samptes may be etiminated by preparinq a separrre scale for oilcombed rops only.

T. ing b.ilcthod {/1. Briefly. rhe I.5 g samptF h preoared.
pac&ed rnto the conslant-volume chamber, and the ]ir Rorv a.];,*r.a
9 -1nxed 

value The t e;shr of rhe mcniscus in,he,ish;;"*i;;;
or lhe manomerer is rhen read offagainst a scale cali"brared against
xnown samples and graduated in microns.

, Tlk.op?qrutw Jot it.thods (t) ond (2). Consrruc(ionar detaits andthe Iull procedures for sampling. resring, and calibrarine rhe instru_
ment \vr,t be tbund in rhe Tentalive Textile Slandard li'o. 51, 1958.

'Bririrh Sr.ndard B.S. 3t83rt959-
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A fou instrumentt lot corr,r,* The rate ofair ffow through a plug of

cotton ofa given rleight is govemed both by irstrinsic d'aeness ind
maturity. The maturity ofa cotron is discussed larer in this oresenr
chapter. For rhe reader rho is unfamiliar wirh this aspecr oicdrron
quality it is suggested that he should study the section devoted to
maturiry and iB measurement befor€ going further inro air flow
instruments for cotton.

The pe.imerer of a cotton fibrc is a characteristic of the growth
c^onsidered. 

. 
For exampie, the perimeter of a Sea l.land co-tton, a

'fine'growrh. is less rhan rhat of, say, an Indian corton, Within a
panicular growd ihe perimeter is fairly constant and is governed
by heredity. If rwo samples ofequal weighr were taken, orie from a
hneand one trom a coarse cotton, there would bc a greater number
ot fibres in.rhe sampte of fine corron, other rhings biing equa), and
therefore rhe rolal surface area uould be gr.it.r. f bort 

'were

tested in an air flow instrum€nt rhefine cotton sample would exhibit
a greater. resistance to the fldrv of air. Thus, the rate of air flow
would be used to obrain a measure of the fineness ofthe cotton. A
complica.ion arises, however, with cotton in that the maturir,- ;a
the material influences the indicated rate ofair flow.

Since maru, irv is concerned wirh rhe development ofthe cell wal
and r.tre cell $atl thickness ofa malure 6bre is grearer than that oi
an immature 6bre, a given weight of mature 6Eres of a particular
growth will contain fewer fibres than a similar weighr ofimmarure
fibres. Hence, for the mature sample rhe ratr of;ir flow will be
hisher.

The rclarionship between speci6c surface d rhe ma(uriry rado M,
and rhe fibre u.eight per cenrimerre I/, has been shown to be

.t: aonstant , 
I

\/lMH)
The specific surface is inversely proportional ro rhe roor o[ rhe

p'oduct offibre uejgh! per centim.rre and marurjry rario.
. Accepling rhe facr thar wirh colion rhe,are ofair flow through a

plug-of given weighr depends on borh 6bre fi.."*" ,rd -"r;;;;;thc lollowrng quesrion arises: .Ho\a are the resulu obraincd from
air flow .irstrumenrs intcrpreted,? It has been poinred out earlier
that wlthin a parr;cular growrh of cotton the perimeter is fairlv
constant. Irom this fact \4e can argue (hat, for a particular growrh.
lanattol' in atfow wi indi.at. uatiatiotlt ia natl,,r, ceneraltispeak:

'S.. B.S. Handbool No. It, p. 4{. B.S. 3l8t :1959.

Prin, of Texlile -13
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ing, spinning mills use a limitcd rangc of growths, thercforc dcliv-
cricr can b€ checked against standards set up in the light ofcxpcri-
cncc- The term 'micronaire r,'alue' is now a widcly used expression
and'vrhcreas originally the 6gure neant fibre weigiit in micmgrams
per inch, thc uniti are commonly ignorcd and the mioonaire value
regarded as an indication of maturity.

The notes which follow are tal(en from the Shirley DevelopnEnt!
Ltd publication Th. Matuill oJ Couon-Micronai. Valw and i..1,

'It should bc cdddly norcd lhat micronaiie lalue in itlelf is not a
mearure of maturity. Th€ gro{'th must b. ta}en into a.count. Re-
rnemb€r, micronaire valu€ is a combination of fioencas and maturity,
e.a. cosc Indim cottons senc.ally have higher micronaire valucs than
AInelican growths, inepectivc of 

'naturiry. 
IfAmerican cotton i! v..y

immature ii will give a lower micronaire lalue rhan a mudr fin€r but
maturc E8]'tr tia. cotton. Bales of lower mimnairc valuc than average
for the growth are sually low6 in maturity, and thc furth.r thei.
valuc falls b€low the average for the gyovth ihc low€r is liLely to be their
matuiiy and the greatei the chaocc olncpping and bad dyeing.

Ilsiag tlu niemaahc aalu
Two osca ar. open to th. spinne:
(l) He en buy mny cottons, particuldly Am€ri.an, on gradc end
3raplc dd on an ;gre€d micronai.c valuFhii brol(r will.upply him
wi$ a list showing the 4icronair€ value ofeach balc itr thc lot.
(2) He can test samplcs lrom each dclirery on his own air flow ins&u-
ment md eslablish th. micronair. salu. ofeach bale. Ilrrn if thc rotton
tu bousht on micronai'e value, most spinners wil rish 1o hav. th.ir
own inltrument whi(h lhey can u. to.hcck thc coroigM.nrs.

Having dtablished the micronair. value oI each bale in a consi6n-
m.nt $'c may now hare a lisr a follows:

rto
t's

t0
.lO

t0
ttots

+.4
4.3
4.t
4.0
3.9
3.2
3.1

The 6fic.n bal€!, cmup A, of 3.2 aDd 3.1 arc lil.ly to c'u!. a.tiou,
troublc should . .umbc. of them occur in thc iamc mix. forcdmcd
a ith this valuablc information tl|e 3pirrcr can arrang€ ihat whcn ti€sc
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brl6 arc pro.esr.d thcir low valuc can b. partly count€rbalanccd by
makirg surc that t}lc bal€s from Group B, the hiSh valuc group, arc
included in the same mix, thus avoiding the incidence ofa hiSh pr6por-
tion of low maturity cot.on in the sahe mix and a rcsultant neppy

A mill could adopt a fairly simple proc€dure in that irstead of rc-
ferrins to th. nuDc.ical micronaire valucs ofindivid'ral bal€s, having
testcd a lot, bal6 could b€ marlcd €ither high, low, or average,
possibly uring colourcd signals, c.&:
Irw valu6: A rcd paint ma.L on thc balc band.
Averas€ valu6: A ye ow painr rqall on thc balc band.
High valu6: A Srecn paint ma r on thc bale band.
When a mix is sct down, a red bal€ could be otrs€t by thc inclusior ola

It i! fairly simplc to u.c thir irfofination wh€re a mix consist! ofonly
on€ growth of coltonr but complications ar€ introduced wher€ a num-
bcr ofdif€tent growth! ar. u!.d in thc !.me mix. Howcver, this can be
ovdcom. by coDsid€ring each gniwth kpdat ly and daluating the
micronaire valu.s of each bale as higl,, low, or average for the particu-
tar Srowth in qu€stion.

Exp.ri.nce has *ov€d that thc ule ofmicrcnai.e valu6 when buling
or mixing cotton is ofvcry real help in thc production ola better and
more regular yarn.'

Th. W.I.R.A. cotkn l .n rs ,&arr. This instrumcnt is a modified
version of thc wool fineness dreter and is manufactured by Shirley
Derelopments Ltd. Two models oI the instrumcnt arc now in er.is-
tence, an earlier model which had to be calibrated in micronaire
units by the user, and a modcl in which this calibration is

Fisd, 5.25. Sd'da& diaetd ol t c W.l.ft:A.l@" wt ,lo/ cott@
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incorporated in the instrument. A diagram of the general arrange-
rnent of the apparatus is sho'm in Figure 5.25, and a photograph
of thc new model of the insirument is sholtn in Figr-rre 5.26.

\Bt -*nD d shnkt D-,t;P*d, !.td)

Fisu.5-26. Th' vt.I.R.A.lwsi *ra fu 'n*

For the earlier model a 6 g sample u'eighed to an accuracy of
10 05 s is flufed uP io eliminate any tangled parts (if a Snirlev
Analysei is availablC the raw cotton can bc cleaned, oPened, and
blended at the same time). The sample is then Pa€ked into the
cylindrical holder and compressed io a constant volume by the
oerforated oluncer. With {he flow control valve shut, thc exhaust

ir"*p i..*;t.t.i on. Thc air flow is then regulated by the control
valvi until the manometer indicalrs thar a pressure difference of
I 8 cm of $'atcr exists acros! the cnds of the PIug of cotton.
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The flonmeter tube is graduated in litres per minute and the
reading of thc top of the indicator tloat is recorded. A r€peat

observition is made after removing thc sample and repacking it
into the holder. A third observation may be made if greater accur-
acy is required. For many routine testing purposes it is recommended
that testi should be made on two independent lest spec;mEns. \t'ith
two flow determinations on each, taking the mean of'the four
readings.

Tlu lounclcr rcadingt and lhri intaP\tation. Where tle tesults are

bcing used inrernally for rour;ne mill checks the air flow values in
litreJper minute may be used, the higher the readings the higher
the maturity. Standards may then be set out to suit the spinning
conditions which apply. It may be preferable to exprcss the resul*
in terns of micronaire values. Thb can be done because the
W.I.R.A. instrument and the Sheffield \Iicronaire oP€ratc on simi-
lar orincioles.

t'h. raie of un flow and rhe produ(t of maturity ratio and 6bre
$eiph( are related (see Lord E., J. Tdt. Ir.jt. 47, T16 (1956)). In
,ddition, experiments produced a relationship betwecn this pro-
duct and the micronaire value.
LetM: maturity ratio

// : hair weight
thc standard fibre weight Per

(r)

Il" : intrinsic fibre fineness (i.e.
centimetre), and

X : microDaire value
Rat€ of air flow cc .l4/1
By deinition, I/. : HIM 

^nd, 
therefore, Il : 11,,'t{.

Thus, lUH : f,'I x H.ilI : -|{'zH.
We can now relt'rite the first line,

Rat€ ofair flow € .t:l!l1
t2) MH - .U'H- - 3.862X'2 + lB l6X + 130

Hence, rhe rari ofair flow and the micronaire value Xare re)ated

and it is possibte to calibrate the flotrmeter by means ofsamPles oI
cotton of knou'n micronaire values.

Sets of six standard btended samPles of cotton are available from
standard blended bulks of tbese cottons a. the Shirley Irstitute. The
values ofthe quantity MI{ and the corr€spondirg micronaire values
havc bcen detirmined at the Institute. From each ofthe si:< samples

threc test spccimen! are taken and threc air flow dlierminations ar€

madc on eich specimen, giving ninc t€sts all told for each sample,
and thc mean values obtained. The six mcan values can then be

used in the follou'ing t\r'o ways to give an aPproximatc calibration:
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(l) Plot a graph of air flow against corresponding values of MII,

drawing a slraight /r'nt to pass evcnly through the slx points.
-From this graph a Table may be prepared togivc values ;f i-fI
for a range ofsuitably spaced air flow values.

(2) Plot a graph ol air flow values against thc corr.sponding micrc-
naire Xalues, dfawing 

^ 
,fiooth clflc to pass cvcnly ahrough the

six points. From this graph a Tablc may be prepared to gi.r,,e
the micronaire values corresponding ro a range of suidbly
spaced air flow valucs. For quick readings a chart hay bc dmwn,
graduated in micronaire values and mounted b€hind thc flow-
meter tube. Micronaire values can then be read oF dircctly.

Thesc approximate metliods should be quite suitable for mill use,
but where inter-laboratory comparisons arc to tt€ made a morc
accu.at€ calibEtioii may bc obtaincd by calculated conversion
tables.

The new version bf rh€ W.I.R.A. Cotton Fineness Meler is suF|-
plied uith a scale engraved in micronairc units. It is used in the
same way as thc earlier model exccpt that a 5 g sample is used
ritherthana6gsample.

Thc Sheficd Mieroaaic-Jor cotto anil &,ool.. This ir an Arnerican
instrument originally designed to estimate thc 6bre fineness in tcmr
of micrograms per inch for cotton by air flow mctho&. Thc values
so determined bedame known as 'micronaire \,?lu€5' and this term
has remained in usage akhough the valucs havc siacc become aso-
ciated l{'ith maturity. When $'ool i! testcd thc scalc of the instru-
ment is greduated in microns, the units used for fibre diamcter.

Fisw 5J7. An;euirld gufr.U Midtun.

.S...Lo.r.S.ZM. Dl++& 59,
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The air circuit diagram is given in Figurc 5'27 An air compttssor

*-ii*'.li r. thc ii"trrm.it via the ioot-operated valve' thc air

6lli, the shut-off valve' and the air rcgulator' I his arr reguraror

.oniioi. tt 
" "1. 

pr."trre difrerencc across thc plug of fibre, rcducing

tr'.-i""r, "t 
*r'i. .f *er 40 lb/int to 4'?5 tb/int, a value measured

bv a mercurv manometer built into thc instrumrnl'-'e.pi"iut i""ti.t ptrg is pushed home into the 6bre compresion

"h;;;;. 11'; i*t.l,"int i:. then adjusted so that the Boat in the

i'oo,*-.to t"t . t;"o to ar upper limi', with air flowing through- the

"ir". ""a 
to a bter limit, whcn thc flow of air i5 restrictcd by

Ii.i-, il. tr."*u o,.r . iol. in the top face of thr plug'-.Thc

ldiustirent! are madc bv the floal posirioning knob and- the caltbra-

;; ;**. When this initial adjustment i5 comPl€tcd the mast€r

pi"s i. ;*.*a 
""a 

,he instrum;nt tu ready to t€st thc samPles'

T.st hrcRdw, fot cottort (condenscd from Mi'ro'ait Ma ual).

ir r 
"i;.rv-..'ir,riv *.i;h the samPle of so $ (3 24 8) with a sood' 
ouaiitv balance. An accuracv of i 0 l gr (6 mg) rs Permr$rDle'
Use a'balance shielded agairst air currentst as they can carBe

erroneous samDle weights
,o, *"* ti.*-Jr. into; flutrY mais with thc fing€n to thoroughly
'-' '."a"-J thi fibres. climinatins all knotly balls and stringy

scctrons of fibre.
(3) Placc the sample in the fibrc compr'<;on chamber'

i;i i;; il. fr#. compression plunger and lock into placc .bv
''' i*-;ir*. rr," 

"ornp..sse" 
the 

"ai"ple 
inlo a porour 6bre plug

of I in. diametcr and I in. len$h'
fst ii.p ""ift. foot Pedal to tur-n on thc air and takc the scale

'-' .Ji"g,. *. r.ircst o'l scale unit at the poinr level with the

roD of the float.
fol iiip on tr," ro"t p.dal to shut offlhc air, remo\"' the fibrc com'
'"' i..Liot pt,lng.r'"nd again step on the foot pcdal' The samplc

in'ltt te t io'r'i""t "f Ae compression chamber'

fZt 
-6* 

ir.s.tti"S 
".other 

sampte, operate the foot Pcdal to shut- 
off thc air supply.

(8) i;';-;;;;;e.d that at least two samPlrs b€ cholen and
' ' weiched from each tcst lot.

ni.ilt.t;"i-"f *" l'"aLr. Thc u5€ of sricronairc valuc! for thc

i.iJi"" .i""".i.r;"" in maturity within a pa icular Srowth has

becn discussed earlicr. A rcport on thc rnlcronairc test l3 grvcn Dy

;;17-V;;' i;. {7, Ti6 (lss6))' Lord poinu out that-'thc

-i..oniirc test for raw cotron mav bc uscd in conjunctiDn with (l)
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the fibre weighr per cen(imerre lo asscss 6bre ma(urir\., and ,2t rhe
routine maturity tcsr ro esiimale inrrinsic hbre finenss.
. (l) Slppose the average 6bre \a.eighr pFr c.nrimerre, H, has Leen

determined by the usual rourine merhod. and a micronai.e resr is
made on the same sample. The maruriry rario, .l/, of the corron can
be calculated usirg the equalion

\{icronaire estimate of ,UIl

. Test vatue ofa
Knowing 11 and M, the standard fibre weight per cenlimetre can
then be calculared Lom H, , H1.tI.

, (2) Irom immaturiry resr figures lor percentages of normdl and
dead fibr.s. thF maruriry ftno M may be caicutared and rhen(omb'ned wirh the informa(ion deflved from rhe micronair tFst ro
give the average 6bre weight per centimetre. Thus,

Estimate of rV :

Estimate of fl :
Micronaire estimate of ,1F1

Test value ofM
S T9*, t srandard hbre $cjsht per ccnrimcrre may t,e (aku_
tateo trom H" : HIM_'

The data from a mnge of cotrons tesred by Lord ra,ere €xamined
and esrimares of M (atcutared as in f tt .U"". ura ."-ruJ,,j,i
rhe maturity ratio derived from the srandard causric soda method.
The accurary ofrhe esrimate appeared to be rarher lorv.

Th. 'Catlnn ait iz,r. RememLcring rhat air flow merhods are
reauy measuring speci6. surfac. and that rhe standard marur;rv
test involves the srr etting of rhe frbres by a soh,rion of.a,stic soJa'-( would sefm thar rhe resring ofa sample ofcotton before and aher
s$elling would ofrer a convenienr merhod of est;mar;nq marurir ..

This exrension of rbe use ofrhe mi.ronaire is d;1.**a ruirv uyi.,'J(J. Tod. INt. {7. T635 i t956.-. but it would 
"pp.r. fi.; ;;";;:

clusrons .that errors presfnr jn the melhod make rhis rechnique
unruitable for practi.at use.

^ 
Tlu nioonan. ktt J &or1. Essentia y. lhe micronaire lest for wool

hneness is similar ro rhe tesr for collon, the differences arise in regard
to s,zc ol sample (5.9.g), pre-rrealmenr rthe wool musr be degeLd
and th.en condilioncd/. and in the inrerprerarion of rhe resull. The
nbre draDeter is read from rhe scale and there irre no maruritv
complicatiou as in rhe case for corron. There ,r. ,.;. ;;;;;i:sources- o-f crror, howevcr; lhey bave becn mentioned in ari aniclein Wool Scitnc. R.ob& (May, tO52) and are repealed betow:(l) Thc degree ofrandom orienration ofthe it."s; rrrc ptrg.
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(2) Regain. Although the safiPk.is condirioned before being com-

nressed into rhc compresgton cnamDc'! the r'h ofthe compressed

I..,"ri, -rlir*d'ulv differ from (he Iaboratory air'

,,. i;.i:ir:i1";:'il;;;,ira, or holow canar' whi'h is present.int'' lll,l,""'*..i iu... *lir utr ct th. ,eud;ng where hjsh .medulla-
i;on it pt"..n,, tt... *ill be more fibres jn a siven wetght l her€

-irr ,r,i,. t. , nr.ut.. ,esistance to air flow and the float will nor

i* 
^. 

ii"i*ii *",ra for a sample ofrhe same mean diameter

;; il i;;;J;rr"iion Hen'e' rhe mean diameter readings

[1';:'";ir-;;;rr;i;J *Lt' "itt gi" too Iow a ngure ror the

mean fibre diamerer,

IiOTES ON OTI:lER TYPES O! AIR ILOl1r INSTRUMENTS

Tlu A olafltter+
.i:;;i;;;;,"..,'.n is prep"red in the rorm of a cvrindricar pJug
'"'-.i ,I '."r.i,-" to air fl.. js determined at rwo degnes of mm-

ffi"ii:'i;;;.;.";;,.i"p..in' surrace are obtain'd and rrom

ii]- ".,;-,,* .r mean 'pecific 
surface' mean fibre \eight'.and

H:lli';i #'ili;lii",i"" ^'a 
Radhakrishnan invetigated thc

::';il'#; ;;;;;.aromcr er ;/. k' t t nst 45"t 7 7 4 t ts54)J a nd

iheir conclusions we'e as follorvs:

iil"il.' J."1"*.[. is u po'ruble and s"lf-contained instrument

' " ;il ;;;i; j" ;'sriblel in abo,r l s min' to measure the spe(ific

l,il}','ii'.'ii,l *.[r'i,'.'a 't' marurirv or a sampre or raw

,zr il',l'J^"* -ni.r' 'emain 
to be more fullv invesrisated i( is not

''' ;;;i. f;; maturirv resu on marerial thar has been processed

or mechanicaltY handled'
(3)fi .";;'**i#'"#;'ii1TX.l::1H:::i.f ;,':';il',ilX

with an accuracY lhat rs ProDaory
method. hovever labodous'

{ 4)'is.li;;ij;';;:;;;;i;.ll:':t.:""]',i,Jl.l,"l#';i:-l-l ffi.l:;med to be as accuratelY oerer

:"::;:";;;,-*;io be no les reriabre than that obtained

i,l, ii'L:--.,.r'-"i.* ;;:ective met+rod of decon'olution couns'

Ttu Sbc.dat
iii."i,'."",r,;; American instrument and is designed to measure

.'"'li,n'" 
'*'.i1". 

"a.nivla'v "'igl" or *-"le bcrw'en 5 and l0 s
#il:;iJ: idjilent io a ixcd weighl is not required' thrrc'

.Sc. aLo,'l.t r..lt{ Dl449_58'
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fore.an increase in the speed oftesring is achieved. The information
produ.ed by rhe Sp€edar is similar ro that furnished by the W.I.R.A.and Miconaire (sec Herret and Craven, T.xt. n :j. 2s, N;:';
( r sss)).

The Port-Ar
A.portablc irutrumcnt tesring an B g lample and producinq ft)mrcronarrc vatue, and (2) ,equivalen. 6bre thicknessi, The latie; i;
deEned ar

H : 2unlA
uhere F/ ' equivalent 6bre thickness. and

,4 - sperific sur{ace in square milimetrcs per cubic milli-
metre-

- A review ofair flow instruments, which includes descriptions oftheW.LR.A., Micronairc, Areatomeier, Sp..a"., ""J-p."Ii,,r:i"j,ltnbuted by Robinson in T.xtut.,.lunc, 1957.

T}IE MATURI TY OF COTTON

Matu;q rudo, nalun\ roun!, standud jbr. ukight pff t.ntin h.lhe rnaturity rario concerns the development ;f rhe cell wall. Thcperrmeter ot the corton fibre is least affected by elvironmcnt and
most 

. 
by herediiy, but cell walt tt i**t"g i! 'bigi\t .;i;.;:iigowing conditions. Even when cotton tu €;own ,i"a1r, t 

"."."Ui.conditiors a smatt proporrion ofthe 6brer inilt f. una..-a*.too.lor rmmature,--but advfrse weather, poor soil, plant disca-sc. lnd
Pests, e1c.,-wrtt increase the proF,orrion of immaturc fibrc and leadto troublc rn procesdng. Immaturily in lhc tufu tcnds lo remajn in
Patches and imrnalurf fibres tend to alsociaie even throush to theyarn stage. Small parches of crops can fe af.tr.d .nd th.".t an.ts
or marun-ty vanatron are great in any sample or balc ofcotton.

tJne of the main rroubles causcd by thi presencc of thesc thin_
walred imm-arure fibre! nepping. Apart fr;m nalural causer lil(cIragm€nts oI seed pod attached to a fibrc, n.pping i! .r?ar.d durinsprocess;ng, stardng ar rhe gin. Wt.r. *U6ti,g Ltu*; .rii-doccun, e.g..during carding, minure knots oi orgl.d nb;;
caused-and thc flabby immature 6brca ar. most proDe to thi! ncD_

!111.:i.i. when fine corrorE arc being procesied the dango.Lf
ncpprng,r3 cven morc acute, sincc cv.en maturc fine cottons claa bcneppco tly ,aulty proccssing. In addirion, the Dep! !o formd altusuauy morc promincnr bccausc of t}reir sizc rclative to thc diarnctcrof the 6ner yam.
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Immaturity also atrecls the shadc 
-aftcr 

dycinS' Ai thc rcsPonse of

.t- I.i-.* '1orl t...rtain classes ofdycs is lcss intense' the thinncr

lil :H'iiil;ii ;. iigr"" ii' "nia'' 
Fine cotton te'ds to be

iilii.,]. .r',ii. ,r,"" "*ri cotton This is ontv a Partial e-\planaaion

:t:;:;;j;.;;;. The colour comPo-nent reachins the evc from

:'#H".".i;;;i;mPoscd of ra,s'of lighi rcflcctcd from intemal

#:iijl"ilrJilli;::]r,r:';r[:*:::'Yf itl{'lifi '

Iairilfu; ir"iJ,i., lish:, whi$ has not bccn absorb€d bv thc

Hil;: il;;;;; iiptt' 6-r6-tt'' 
-a"p" 'i',*#: "lt,$.:,i,;arc rhinner thcre will be a greater pos

ffi;#';;; -."-.r ."ir"ro" ind' corsequentlv' a grcater

arnount of light €merging attcr Passrng mrough only a lmall amount

li"J"J -'",.4rr. ir,e-apparent shadc is rhereforc lighter'
"'iilJri*" aal*.io "fwJt 

spun from cotton ofditrerent matur;tv'

-.ilil'':X"'i.""ffi;ii'v'i'i* *lr 'l'* 'p 
a3 sPeckr in the dved

do[h.-l'rr'o.a., . ,o"o the quality of cotton with respect to maturity

-i'iiliit.,." -a. aoivn,l'arn strength dveine troulilesj and so

on. rcmc method of mcasurrmeni o t5truitti' fhe degec'of cell

llii,ij*.r--* -"v be cxprcssed as rhe ratio of thc actual cross-

:il;:f#;'"i;'.;;ri io the u"a or rhc circrc with the same

Derimcter (see FiSure 5.29)'
' The'desree of thickening', 0, - AIA

' 4fi212

A':nr'--
+fr

multiplying by 4,t,

4fr

becausepi : Perimetcr' : (2'u)'
Thercfore. A 4nA

e:- --A'f
Dircct measurement of this ralio is not a practi'ablc roulinc lest

"#"fi";';:H11;';;;'' an indi"ct mettrod riiich has been in

H;.;'.;;;;';f tcars is rhc cotton 6bre immaturirv count+

3::il;J;;l;'p.;dj. A con'e"ie"t ti-" ut which to make !hi!

.R.5. 31:f,5 tl95g Ccttd Fib.. Iniatdir'
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Figh. 5-28. R.n ai@ oflieht tnn
tu i anzt 

'bl@ ol a {oit@tb,r
Fieb. 5.29..D.ge ol tht kainz,

oJ d.o .rjbu -

test is alrer a sofler diagram has been prepared for rhe mcasr-rre-menr of.rhe fibre length characreristics;nd fibre *.ishi;;;.1--merre. Afier-rhe fibre wright t us fee" a.r.r-;n.al';ri;;':;
cotron,are- lefi on rhe velveipad. Each tun is h;d...;1.;;;;dqtthe ,rbrfs parallel but separaled, and a c.r.; "l;;;;;;:;fi:

The fibres are tben irrigated with a $naI amount of lB Drr cenr. causdc soda sotution rahich has rhe effect .f;;;lil i;.;: ;il,:prcsencc_or absence ofconvolurions is rhen ob*_.a, i,.r.*il".l.JT..T 9f." projection microscope. This enabtes ,# ati.. ? ilclassified into three srouc:
{l) Normal 6br€s.
(2) Thin-walled fibres
13) Dead fibres.

Marure 6bres wnh a we -developed celt \ralt and pronounce.l
::lr,:l:',"i* in rhe raw srate becoml -a_r;r. "r". "*.iii,.. ii..""lroqrrKe nores are ctassed as.normal,. Dead nt.e" uppea...lUto'rr-ure even after swe ing. Thin-wa ed 6bres are rhose iy.ing be;;nthr,orher rwo ctasses. Borderline cases may be jrdg.di; ;;thrckness.of the ce wal rctarive to rhe .,ri *ta,i of-*. iii. i1.l, the wall is less rhan on€-6fih ofthe total \vid,t, *. ft* i".]i*ias dead (see Figure 5.30).

r:i-::-:-a--.:::-.0 
#+s:r* d

"'-"',*(i# )*i#?*,, ffiry,r{f*,?d#H l,,fffii;rffi
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The counting and classificadofl is done in three stagesi

rr j -{ll rhe fitrrcs are countcd.
)rr rle rod'like fibres are counred"M
iii rr,. a*a fibres are counted, D 7

'r"i6'?ri^n "n'l count;ne rs carrreo out for each ot rhe fibre

"';;::"i;:' ;";i]';"i-o.,'r"-''a'o .p.'"n'aces 
and rhe means

:-r^..t^,-,{'rh.'"-,lr 6f the tesr,s rncn eipre"ssed as "ir' - D' e g'

;?:'i;";.Ji; ;;,ii^i oi p.'...,...r,r'' ::::1','r'#j,.:T;
classed as normal and 14 per cent clas!

l"ii,*,I', iio., ..nt would be classert as thin-walled 6bres

"";l';';;.;;.il',;;'|ess the resurt" as a singre ngure whkh wourd

a*'ir,.'l.i,"r mat'-irir1 ob*rved as a fraction of some surtaorv

.hosen standard maturity lrom a sample of t0O fibres it would be

)i,',,.,i'. n,a tl", al rie fibres could be clas$ed as'normal fibres'

X'.1"r1*a'".t.t *'n which was tvPic'l of fullv matured corton

l;;:';;;;';;;;;;'' best possibie'onditions rhr srandard

chosen qas
N- D:67- 7= 60

rt is ako d"sirable ihat 
"tt't 

'es'tt 
should be iroPortional to the

-J;':,i} il;;;;i'Iiri -'ir 'r'i'r.'i"g' 'he 
'desree or thicken-

inc'."'Lr-irc (l) a constant sPeci6c volume' and (2) a perim'ter' 
''constant for a purc strain of cotton' then*'-'- '' '- z i lr p'"ir or fibre weight per centimrtr€)

Therefore, 
0 6 H

TlIe matuti| rutio to be derived from rhese conclus;ons is the ratio

*t;:;:;;;;l; ;; acruar nbre \re;sht Per centimetre' H' in

Lr'liil" iJl ',.'i;'a 6bre weiqhi p.'i'nri-'r" a" (An alterna-

fJ:til r- 'il;;; nbre ueighr pcr centimetre is intrins;' 6bre

ineness') Thus, H
IlatutitY rario lI = -

Bv de6nirion, the standard fibre \Lcisht pcr centimctre' Hs' is that

*h?ri:;:';#';;,iJha'e ir;t *"* rulv matured in the arbitrary

s€ns€ of havins an .v D of 60'

Th? tink b?ll.c.n th' innathi| nunt andlh' 'ight
ilil.'",iJi-.'J r."" d' r{ - D 

^'.d.'H 
ror severar pure srarru ot

;;;;; *i't'i".*r' series onlv the maturirv \aried A linear

)Ji"ii"i,* """i.*a berrreen il and -r' - D;
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H : 0.93?0 (N - D) + 135.2

H 0.93?0 (Jr _ D) + 135.2

r/. 0.937'0 (67 _ 7) + ]tr,5.2
0.0049 ("M _ D) + 0.706To rounded 6gures,

,lt_D
MatudtyIarioM:_.-+o,7

. The maluriry ratio is rherefore ,.#.,,onu, to rhe desree ofthickening of rhe cel walr. peirce .i,a i*a i.",_ii.i ",f'.'"'a "j
for rhe cotrons and found rhe relationship

. o -- o.s7?M

,'"^i ;::ii',ii:il"H',3,'Jhe 
varue or M. wirr be rrom 0 2, arr dead,

Dif.taltial.d).ing-ttu cotdthuait tclt fot natu,itr.rn a prelrous section it was menrioned thaione of the troublescaused by immature fibres was fautry ay.irs. rl,i. iiii*.r.J";.1
::.j,1..q.. dl.i'q. propenies of -uiu,. "oi t-,o",,* -il*"-i"

11ll:I-.o :" tne coldrhwaire tes! to sive a visuat tnaication oiit imarrunry ot a sampte ofconon. Two dyes arc *ed iri the "r;.;ath:a,reo and a Sreen dye. Matu.. fibr€s arc suined ..d 
"rd 

irn;.;il;nbres grcrn. the red cotour being devetoped t. ,h;;;il;i;";;;:
secondary watt. Hence, rirrle or io "..o"i",y ,,.ii irr*llJs_l';
. A 3 gsamplr ofcotton;s slit(hed loosely into a piece ofgauze toto,rm a rhin ffat pad. This is rhoroughty weled 

",it 
l" t";-fi"" ai*,,,*-*ttrno rranstrred ro rhe b;irii,g a,;f[.i[. "' 

wrrxrE urs-

.r he bath is prepared from tBO o of ,,\116r, i gr of Diphenyl fastred Supra_ I, and- 2 gr of ChJoranti"ne fast green aLL.
.n 

lter I5 min rhe sample is temporarityim",_a io ,tto* t.S n,or sudium (.hl.,,ide ro be adaed to ihe t_,ar[. A,...,a iS *i"'O.i,ii
15f,11 fll":d Ly. rrmporary removal ,..,tr.,"ii,,,r,i.'i e *'"isoorutrt crr, ,utc ro be added to rhe dye batb. A firrl 15 -i;t:;;ment ls g. i..r to rhe san:ple before reri.r;"S, a..;r,j"S, 

""j-,,",'hii"rn nvo cha:,ges ofcotd u,arer. Nclr, ,t. *rii;" i, *Xf,.al, ,j"..i

I41,;rlg:,i;iiiii;'{,#i:,#r?,Wi#-r{#,
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ously boiling watcr for 30 sec, rcmovcd, h'ashed in cold water' and

dried.''ii. ot.".r.. assesses the incidence of immature fibrc by the

o.o*-.,J" .fg..." p.6ent. This is, ofcourse, a subjeclive tesi and

ilI;"ii; ;-: iittli e*p.;e,,ce of th€ technique of aslessment is

;.;;; E-p.'l**t" irirh samples of known maturitie! will Pro-

";J.-*ri" 
toi,a"'a. 

"gainst 
whi& samples may be judg.d'

Tht t$. of bolotl'cd lilht
ii* "".ij..".. .r iures when obs€rvrd under a microscope fitted

*i,i lli.ti. 
""r..r"t,g 

equipment mav be used to give a-numcrical

*ii."i. "r rir,." -ui,.;iv rle tesr is des'ribed bv Skinkle in
'i,,ii r"i;i' i**aing io thc colour, a fibre is clarsed a5 imma-

.'-.'ii*. J.i'.'i"t, pariiallv immature (one demeri()' o-r mature'

With a sample of6fty 6bres rhe total number o['dements' grvea the

oercentaee immaturitY.
"';';"";;;ii; ;;;i.. is made bv Metrimpcx or .B-t'dapesr ' .A
sampte of 6bre is preparad on a small black pad and led rnto tne

il;;;; il; 6i.." a.e ,cu,'ned bv an oPtical slsr'm and rhe

.t.crvations translared in(o a meter reading by an eleclronrc crrcurt'

For further information, see Dischka,'The tktrr$atron ol the

Ft;;"" ;; Srrength of cotton from Measurements of Maturi(v

-"a. u",i. C"i.i Crader',J- Tcxl Iru! 49, T63l (1958) *

NOTES ON !'BRE qU AL ITY

Cotton aual;tr
ii. .i"'".i.'rr,i* .r cotron \rhich are ot imPorknce iri the assess-

ment of itr qualilv in.l'rde fineness, lcngth' maturrtyr utuIotrnrlyt

,.d sradc All but the latler term have been consrdered alreaoy Dur

;:",:;:;;;;.;;o;ires expranation one orthe rnain functions of

'i,.,,,.' 'it" i""al.,he.Jtron b't"een gro\^er and spinn^er i! ro

rn^tl-."lf.frl. to ihe spinner a range of diff€rent tyP€s of cotton

iiorn *f,;.f, he mav < hoose a tl pe suitable for rhe purpose in view'

I ".'i.";.* t 
", "' 

n;. ,arn for iliirr ing etc rthcn the rvpe ofcorron-

;i; ;:ilii.;;li;;;", ii. ,p;"".i *q,i*s i cerrain degree or

1ifir"lJ,"""J..'ii",;iv in tlie q'alitv 't thc 
'a\v 

material deliv-

ered to his m;ll. Since cotton quality Iaries lrom )ear to year' nero

i.'n.ii. l;J trri to bale, sonie svsiem of clasification or grading

;":;:;il .'*'.',t''' the spinner reccives his cotton jn

.S.. atlo ,.S. ZM. D l45o- 57 , itatqi1 of Co d Fibt" (Potoied Listu nr'iod) '
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smoolhly runrring lots, orheru.ise the prol_rlems of continual ,e-adjusrment and scmings of the pro"."r;nq 

^u.t;n"ry-;;ii';;;;great indeed.
When grading irself is considered r

time.in tte -.ir.a,',,ijl^ s.';i;J:,.TT"f:h.,1ff:..il li:trrminology. Diflerences bet*Ien .Jrrues separated bv orpar .ti.tances.can be undersrood to some exrenq u,i, *l 6,j,,h."iiirli-ences rn gradjng corron exjsr berw.en markes *lr,;"r" li^-.')l
Srtner, e.g. tgypt and lhe Sudan. It is not inrended .iir.r* 

^ff,h: g.."dTc syslenrs but to iltusrrate ,*. *f,;* .-pi.y iirf?#icriteria of evaluation.

| *:a-: c:uoi sadtnc. Thc grading of American UpJand cotton
; :i":o,q.r three majn chara cre r isrics : ..t.,., ,.*,h.;;r;;;';;rorergn matrer, and prcDaradon- It is i

l=gi.h.,"J,.';;:;iii# :f, #-tii. ::i:,f f;il.:#: i:.j,":Xi,,:u n're, whrrer spoted! ringed, and vellorv srain"d, i" d...;;;;;;:;o{ merir. The variety, w-eather, 
"l,il, 

pi.u,g.*.i"i.y:;i"J;;:
govern the colou.-

Forcign matter or trash consists of such materials as broken leafand. pod, sand, and dirt. Some types are relarivelv .,
d^ur;ng processing, e.g. ru"a, Urt'irt ...a. 

'"i f, ;;;;,1i";;:;;:to them are troublesorr,e. Increasc.t ,r<..of me"t , o;.a pi.l.^'i.rit
:":-ljl-.:::'. in rrash sirrce rhe mach,ne cannor exercise care ororscrunlnate, as can a human cotton picker,

^..i 
rle emcrency ofrhe ginning proces is refleded in rhe assessmenror the prepararion.. poor ginninq may resul( ;, dr_"s.Ji;;;,";;;;:and a srringy looLing tint. Good prepararion i" d.";;- ;;';;'."^"fcreort, poor preparation by a .C,, I irh an inr*nr.air,. .u,.i.*' .i:.The United Srares DeparLmint of Agr;culrure h;r;.";:"""i

ll1i9,:9',1. -ll* e.ade. rn I st r, tlirtl.t,no q,adcs $.er. omciarrvrecognrsect but these are based on.ighr main grades*
Middling fair
Strict good m;ddline
Cood middline
Middlins
Srrict low middiins
Low middline
Strict good ordinarv
Good ordinary

'8llil::gLTu "t''3 
boot e,r,o' ror .*iscd 'Ascd@n upred cofton
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It is ofirterest to nole that the $ade 'MiddlinS' is used as a basis

for Dricins ofAmerican cotton.'-'rll. 
".'int.a 

out bv Lord (1. n . INt' 47, Pl84 (1956)) that'

'",;-ri; suitablc ivpe stantards havc been iruugurated ther"

^...,ifi"";"* 
p."lf .ti,i. Type standards require contimral replacr-

ment if their character is likrly to change over a P€nocl ol trme'

Moreover, the interprel-ation of twr standards ln everyctay Prac"ce
Iv ir.',ii,, p*pl.'", different plices also makes calls on personal

skill.''nrao*tn*ti* 
,ouoo stading.ln rhe coton growing region of the

"..J""- 
P,Xi. the cott; is iraded into six firll gradca, I to 6 in

J.*."ai"* &a* of qualitv] with haf-grades denoted -bv 'X" a
.mtrl foi'Extra'. The classifier includes an alsessmcnt ol the staPle

llnsth in his iudsement ofthe cotton. as well as fineness, aPPearance'

".i8"r. 
."a i'*t ."","nt, The initjal Srading is made on the-cotton

' i.i.'"';i i" ;'".a and mav bc ree.u-ded at u second examination

^f,.r 
i fr^ i.""fr"a Ac shiiping point of Port Sudan fie cfrect of

G. in t rsio" ol a l"n6h assessient and thc reduction ofthc impor-

,""o olortl -",."i." cooParcd with American grading practicc

*ill bc ,ppreciuted lry a study of the graphs shol''n in Figures

5.31.5.33.-'it 
e r.adc. is rec"mmended to exPand hfu tnowledge of cottons

a"a-cotton q"a,fity fy furtber studytf thc [teraturc, in Particular
;" ;;;; by Lord tn the production and charactcristics of thc

world'! cotton crop6.

I

r j:: -doi:
otlrj

Fisd, 5.31. Andbsd tldst @nr4nt 1nd AtuiAn stol;

P n, oI Textile -14
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, rtgs. 5.34. Th,'Shnbr' Andr"r

c-rton and lisht durt are carried oui ofthe chamber and drawn

on to th€ case surface, the dust bcing sucked rhrough the cage

"".forution 
. il,e cotton forms a layer on thc cagc and traveb

i"*ard in ie dirertion of rotation When the foremost Portions of
ii.laver ofcotron arrive over the dampered seclion of $e cage, they

are oirshed foruard on to the delivery plate by thc cotton coming

uo dehind. the in-drausht from b€tween lhe delivery pla{c and thc

cige helping to strip thi laver from thc cage Uliirnately,.lhe co(on

falls into the delivery box. For a comPlrte test the trme taken rl only

about l5 min.
Thr trash content is *eighed and expressed as a perccnlage of thc

i-. *it"fo are Dut through lhe analys€r and thc mean is

rietermined.'Diflercnccs of less than 20 per ccnt of thc mean arc not

.,;;;;ii, simificant. For examPlc, two cottoru givinS values of
1.0 and l:2 p-cr cent would be corsidcrad as having similar tralh

"..t.rs. brli not if onc war l'4 and tlc other l'8 Pcr ccnt'

FIBIrE DIUENSTONS AND qUALITY

osl



PRINCIPLES Or. TEXTILE ?ESTINO

. 
The practical uses for which lhe Shirley Anaryser is inrended are:(l) To give the purchaser and seiler olraw corron or rr'asre defnirngures concerning rhe propordons ofctea, .",,"" ;;J;"rhithe marerial_

(2) To provide the corron sp;nner and rhe ware spjnner wilh anaccurare jdea ofrhe cap"i;U,f, .fH, .,,f,;rs _r'"hi;.ry ;ri.i;
,^, panrcutar ctass or mark ofcotton or waste.
(r.J ro determrne Lhe s(are ofcleanliness ofthe product at any stageup ro and includ;ns cardino.
(4) To isccrrain lhe qianLity &spinnable 6bre in the waste lromany productron machine.
(5) To.,determinc_the Ioss ofgood fibre in rhe sequence ofopeningano c/earung Drocesses.

In addition, rh; Shirley Analyser is useful in rhr prepararion ofcotton for Micronaire and W.I.fi.A. Gnencss meter tesLs bccause thefibre is well opened out and free from rrash.
_The_ 

test for trash conrenr is now pub);shed as a Brirish Srandard(B.S.2889:r957)..

1fu Soutlpn R.e;onat R.r.arch l"aboftr!ry non-l;nt tcrtet
Thc S.R.R.L. nonJint tesrer has beei developed for rhe rapid andaccurate determination ofth€ non-linI or trash 

"ont.r,r 
of"i,ror_ 

_

-o}.--i:i-Xl, rester is a licker_ir (taker_in) rype .r a.",,..'t]ir,erncrcntly and rapidly- removes th€ foreign mattei from lint otton.rt nas a new rype ofGed system that ritcnsivelv drafts rhe ..r,..antr-turbuJent grid bars rhar tend to preven! tt i.j..t.a tru.t i,o_being sucked back into rhe lint, a meJns ofcJe""i"i tf,. ...., ,*1""rn a condnuous process, and an air_doffng and ,t, i;,*f",f 
"S 

ry";that requires no extemal filt€r.

" 
A 100 g sample oflinr corton is weighed, lhen spread out on rhelbed tabh,wherea pair of ro ers ferd i; into ih" a*f,rr. r") .j.."1rng. cyhders. The cleaned corton is rmov;d fr"r, 

""b;;;;-;;;delivery end of the tesler and wdghed, The d;tr r*"" b;;;; ;;.ongrnar and finat weights is the ronJint cont."t oftt. *_pL. f.iri
::,,:l-lll9y:.d once onry and rhe wasre ;s ".r *e;gr1ea.-.rilusrezu non-[n! delcrninaaions per hour can be made, dependine onthc^method of weighing and rhe specd of rhe operat;r. 

. ----'s "'
A comparison bdween rhe Shirley Analysei and rhe S.R.R.L,tester has been made. rr war concluted drlt 

"1.". ;;.;;;;;;_twccn the rcsutts from both machines is possibt., it . iiii.y iiiiiti.".
'A modfi.d v.Eiotr of tbi! oalyld ir .Eirabl. ro,*p.-,"J r'.i .tl.--i jpi"iif'rr1ffi ".i.i.'ij.'-t *c v'sctabr' h'tt'r i!
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sivins l,rsher values than th'e S R R L tester' but consistently

il"i.'..'"i ,r.**. Stirlev Analvser: S R R L ratio being l'36:l'
fi;;"i;;,;;i,s. "f the new'ma'hin' is that the test i! carried

."t much morc raPidlY."-ii. lrf.t-.,io,i above has been derived from two sources to

*il;;;';;;" i" refered; Rusca, R A, and Latour' w A'
;;;;; ;;I1.8sj5. N".2 (re62), and Rusca, R A ' Latour' w' A 

'
),J C*v, w.'n. i r., ib'wo d'tt3,6a, No 6 (1963))'

'ii,i.".iir,.-*-r sorter classifies wool he rapidlv assesses such facrors

as ,rl,re fineness, crimP, Iength, sraliners, handle' and lustr€' but

ir,. -"', i-"o""", chliacteiistic which isjudged is 6neness'' 
li,razr-,r. Alrhough the mean fibre diameter is an important com-

" ,."i'"r":;,r. ai ;ndirect method of expressing the 6bre frneness

i "..d. bthei thinEs be;ng equal, a finer fibre can be sPun rnto a

i'.. **. ir'i" t.ii*.o, tie 6riginal basis for assessing fineness was

, , ""i-"i. it. n.*,-rarn that t;e wool sample could produce For

. x.rmole. a sample of wool could 6e classed as 58s' rhe jnler'ncr

t'"lnr'that the spinner could make a 5Bs worsted yarn lrom rt' I he

;;;i;;"; il spinning techniques have enabled the spinner to

;;;;;;; ;;J" thaln the qualitv number would sussest but'

I.r.r,"fr.fl", ,f,. .r;gi"aI standards have been adhered to The thrre

-r,. "f.".1 
of woil a.e Merino,. sometimes called Botany' with

q*fi y ""-t . OO" * 100s, Crossbreds, 36s to 5Bs' and Carpet' up

to 36s.
ii. a*..i.." tt^" datd A.S.T'M' D 419-61 linls the measure-

-#;i;;;i 6b.;;#ier bv the projection microscope and the

".,a.- fuUt. 5.6. is talen from this srandard However' the lnter-

i",l"r"i w*i-i*,ff. Organisation (l w T o )' considers tables

',ii.t i*otu u 
"ot.opondence 

ben'een *ool fibre averagc drameler

;';*;;;J;;;i, ",-u.'" ro r. *i'teading and very 6rmlv

i""'.'" ,r,"iir,.ri "* lhould be proh'ibited (l'T W'O .Conference'
Bi'celona. l95l). In a recent (extbook,* It"'I, the althor d8cusses

the comDonents of wool quality and points out that systems oI

oradins ire still 'in a state of flux''t'Ti."i"i-ar",i"" of new fibre-measuring instruments will' Ier'
haps, lcad to a more rational mcthod of exprcssing wool nore

oualitv.
""tii,i. ,x featurc of the wool 6bre is i!5 'crimP' or waviness'

.OnioE, W.J, ,{el (B.nn, Lndod, 196l)
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T.bh 5.6. w@l Fiwtxt! atd Gad. (A.S.T.M. 4tg_6t.)

lMaS. diawt t t, lnin.)

17.7
t9.2
20.6
22.t
23.5
25.0
265
27.9
29.4
3 t.o
12.7
t+.4
36.2
38.1

8G
70:
64.
62t
6&
58s
563
Si
5G

46!

{o5
36s

Research has shown that some form of relationship exists b€tweenthc crimps per inch and thc fbrc 6neness, the fiicr the 6bre thi
gr_cater the rumb€r of crimps per inch. The w""l ."r,..;; ir;;a;.;;ot t'n:lea: Td his_sub,scquent estimar€ of rhc quatity nuiber isproDaDty rnll-u-enced- considerably by this knowledgc (see llzool Sri.li?r. Ocr., l_953; and Lang, J. Tt . /zrr. f9, T49i(ti5S)).
. a.ngri. When ihe lengrh ofwool6bres is corBiderJ ir is }ound rhar,n the main rhe shorter wools are nne and the longer u.ools coarse.
a-rever:al oI the order for corton fibres. For woried 

".rnr. 
;;;uhich arc long, 6ne, and unitorm i^ f.rg,h ".. d;;li;;;;;;_

caus€ in most cases a combing process is, used in their prepa.arion,
woob suirable for worsred yarns are termed .--Uingt r"lLlr. io;
woollen. yarns where a lofty handle is wanred and wh"ere the fibres
are carded, the shorter uools are chosen and referred to as .clorhing.

- Etliptiiu, The crcss-sections ofwool 6bres arq nearly circular, but
11: l"yh* d..r:.T of euipti.iry, the amount b.id .-p.;"* ;;the'contour ratio!, the ratio bet\^.e€n thc major and;in;r axes of
the 6brc contour. Some authoritics are ofthe 

"p;nio" 
tf,., afr. ,..r*

lhis rario h ro uniry, i.e. thc more circular rfrJ nU*", ,fr. *i,.. ,f,i
woor wirl spin (see Barler, S. c., Woot etotitr, H.M.S.O., tS:t;.
. .w:.] q,"IV is a bi8 subjed and rhisc notes are, of necesiirv.
Dner, ror a tutlcr treatment th€ reader is r€fcrrcd to the literaruii
listed at the erd ofthis chaprer.

AMas, diatutd * (M.)

l9.l
20.s
220
23.4
219
26+
27.8
29.3
30.9
32.6
343
36.1
38.0
40.2
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ii. l",f'6. it ira.tt.d to the Lineo Industry Rcsearch Association

for the notes on the grading of flax which follow''" iti iri;,e. rnr. .,i.tue of-a parcel olflax to the spinncr depends on^

thc quality of the yarn which may b€ sPun and oo tnc quanuly oI

".*-"t,*.a. 
Wl." gtading. thc gradti must attemPi to assesslhc

i,r.ior" .h..u.t..i"ti."'that a'rc related to these two factors and to

intesratc them into a single valuc or grade'
ii. 

"oinn;ne 
oualitv iepends mainly on thc fincness and thc

strerrsti Lf the ibie strands-and, to a lesser drgrce, on-their Iength'

rir*'rn;tn nn. 
",tuna. 

is compact and is of brttcr quality than flax

;iii ";".. strands and lo$' ;pParent derxitv' Colour and uniform-

irv are also taken into account."'ii. 
"""niitu "r ""- 

obtained from a lot of flax dcpends on the

yietd in'hackling. Hackling leld depends on a number of factors'

amonq i.hich are:
iij i'he tra"dli"e of the flax, i.e. frecdom frcm Lnots and tangles

iij ir."ai,o", i.. the amount ofshive and dust remaining after

scutchinS.
(3) Fibre leigth, especially the amount ofshort 6bre Pres€nt'
i+i Strencth ind fineness of the fibre strands'
' Thc flai ma.kets in different parts of the world each has iB own

*.i.-" of-.tli"e the various qualities; some of thesc are given in

tie riot ra Pritaration and Spinning oJ Flax Fi'r' bv S A' G'

Caldwell, pp' l7-21.

"it. unn,ul p.odr.ti"n of iute is second only to cotrcn and the two

-ii. e-*ini.'.." r'e Pikistan and India A small croP is grown

i" g."?;r u"ii" r* homr consumPrion. Grade desiSnar;ons for jute

are rarher complicated because Srowers and exPorters use crrtarn

svstems and manufacturers use others"'ir'. ,*. u","ril"r sPecies of.jutc ate Corcl,trus capfllatis ana

Corchorut olitoriu, their morc common names being White Jute.and
i*"" fr,.. respectivelv. Three btoad classiEcarions are used for

.J w"p.,irt, iisnifv;ns the 6nest qualirv, District medium quali(v'
;;;'^ifu:'": r-t''e to*."' q,ut;tv or 6bre Wirhin each broad class

if,. q""L;,v may ue descriued bv the district in which the jute has

bcrn grown- -i;iu'ding 
i. ca.tiea 

"ut 
in two ltages, one close to its source and thc

*-"a "iirt. 
l.ri"e ttations. Thc;r;dcd bales are tightlv prersed'

*.rgilr"S +OO ib, a;d called 'putrk--a' tales qualitv is assessed bv
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consideralion of such fibre properries as texture (firm or sofi),co/our, lustre, length! and clear in6:
_'Ihe pukka bales are graded to indicate rheir mahe_up:
Zop. Sou nd 

,6bre- 
of goo-d colour for rhe district and corirainins normore rhan Zj per cFnr .cuflin^, (for TossaJure, I5 per cint).MrAIa Sound 6bre;faverage colo;r and con,r,n"irg;", ;;;. i;;;zJ per cent cutunss.

&iroz. Lowelqualirr 6'b;e bur in srraighi cond;(ion.
Liost Bounn. Taryiled fitue.
. The cutrings aie the ends of 6bres which have been cut off roimprove the uniformiry of t.".th. Thj. .;;;;;-i. ;*,iJ';:uhen a rough-hackring irearmen"t is giv"n to'rh. nil.'i.i*.'ll;ll]
,/r more ratronat sysrem ofjure grading is being considered anjwxr, no doubt, appear in due course_

FURTHER READING
Fibt diMbB-Lnsth ru@.@t
ANox. 'ribrcSraplins by Conb sorter., M.rhotu oJnlt / i.rrla rBriri,h Srb-.lar& Hedb@k No, lt. D. 33 rq6il
^doN. 

.Skpl. tarsrh 
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6
YARN DIMENSIONS

"HE larn dimensions.and structuml details with which we will be
mainly concemed in this chapter are the count and thc twist. Both
are cfprinre imponance in the design oftentile structur* and to l
large extent, they govem the appearance and behaviour of the
various types of yarns and fabric. It must not be o!.crlooked, how-
ever, that the chemists and other technologists in the dyeing and
finishing sections of the industry car now produce a $'ide range of
efects from the sam€ starting material, say a Plain weave cotton
cloth, and rhis type ofdevelopment is increasing in imPortance.

LINEAR DENSITY COUNT OR YAR}I NUMBIR

The 'count' of a yarn is a numerical expression which defines its
frneness. When an engineer requires the ineness of a wire (a wire
bcing. a ieasonably clode approximation to a yarn), he consults a
Table of standard wirc gauge values. For instancc, in the Imperial
Standard Wire Gauge Table *e 6nd that a wire gauge numbet of
10 corresponds to a diameter ofo'128 in. Alte.natively, by measure_

ment ofthe wire diameler by a mi.roheter. the corresPond;ng gauge
num6er can be read from the Table. Measurement ofthe 'diameter'
of a yarn poses rather a different problem. Spun yarns are only
roughly circular in cross-section and irregula.ity in thickness is

unavoidable. Filament yarns $,ith only a small amount of ti{ist ir
them are referred to as 'flat' yarns, possibly because they flatten so

easilywhen in contactwith other more solid bodies. Since mostyarns
are relatively solt and compressible, the use of a micrometer for
diameter measurement is ruled out. Optical methods can be used,

one method being described on p. Il7 of rhe B.S. Handbook. A
magnified silhouette ofthe yaln i5 projected on to a scrcen \4'hich has

a s;le graduated in thousindths of an inch. The object'of this test
is not to determine the yam count but to get an estimate of the
mveringpouer ofthe yarrl and to obtain some ind;cation ofthe yarn
irregutarity by the analysii of200 such diameter readings.

One very speclalisgd seciion oI tire textile industry, the cordagc
and ropc-making t.ade, uses a counting system related to the cross-

sectional.arca of the yarns: 'The count of *re yarn'b the number of



PRINCIPLES OF TEXTILE TESTING

such yams which are requirtd to form one strand ofa thrce-stmnd
3 in.. circumfcrence rope.' This is an unusual approach used lor a
particularjob and is nol met with in rhe normai iun of rhinss.

In Chapter 5 rhe probtem ofexprersing the fineness ofa 6b"re was
d;scussed and the term'linear density,was menrioned, the 6bre
weight per unil leng.rh. For yarns, too, lhis melhod of solving the
problem ii used.

A definition ofyarn counr isgiven by lhc Texlil€ Insrilute: .Count.
A nurnber indicating the mass per unit len$h or lhc lenglh per
un,t mass ol yam. Note: various counting s)srems using differenr
units ofmass and l€ngth are in usc, so the system urcd must-be stated.'

/.
Di.tt and indi.ct ,rt.mt oJ ym nunbains
The definirion above conrains the phrascs,mass per unit length,
and'length per unit mass', indicaring rhat two basic principlesirc
employed. (For convcnience we shall use ,weight, in piace oi,mass,
in the discussion \a,hich folows.)

Di.ct grtciLt.In a direct yarn counting systeo the yarn number
or count is the ra.igrrl orf a nit l.ngth of ya,n. "lhe unis of $ cisht and
lenglh vary from bade to trade and dislrict to districr, a itate of
affairs- which results in a multipliciry of counting syst€m;. This will
be looked into sbortly but foi the moment we wif consider a general
formula which applies ro all direcr systcrns.
Let "lf : tle yaro number or count,

,t/ : rhel,eight of rhe sample at rhe official r€ain in thc unirs
of rhe s,srem,

L
I

Then,

- the length of the sample, and: the unit of lengrh of th€ system.
W.x Irv:-

l,i
EranlL, ,f a ske.n of lOOmof filamcnt viscose yam weighs 1.67 g,
calculal€ irs den;er.

. In-the denier syiem rhe seight unit is the gram and the.unir of
Iengrh'is 9,000 m. The denier ofa yarn is th_-c weight in grams of
9,000 m. Thus, ti : t.67 s, L: l0O m. and 1 : 9:OOo mI rrrere_
fore

Wxl 1.67 x ilooo
Dr€nier : 

-: 

-' : 150.3 denierz 100

_ 
hdn.! gnyr.In an indirect s,Btem rhe yarn number or count i!

thc number of'units ofleng rh' per.unit of$.eight'. Here again ther€ arc
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various uDits oflength and weight and numerous systems. General-
rslng:
Let "lf : the yarn number or count,

,r/ : the-weight ofthe sample at thc ofrcial rcgain in the units
of the system,

: th€ unit ofweighr ofthe sFtem,
: the lengrh ofthe sample, and
: th€ 'unit of length, ofthe system.

Lxu
.M: 

-
lxW

Examll:, A: lea (120 yd) of corton yam weighs 25 gr, cal.,rtare its
count in the cottofl system.

In-rhis case the 'unit olleng,th' is the hank, 840 yd, and rlre .unir of
weight' h I lb. In I Ib rherc are 7,000 gr. Hence, Z = t2O yd, t :
A4O yd, W - 25,7,0N lb, and ra : I lb.
Therefore: 120^l 120x7000

:-:40s
84O ^ 25l7un Bq ^ 25

(The smal's'af(er the count numb€r is a convrntion used for
expressing count.)

Nore..The val'res 7.000 and 840 appear in all such cotton yarn
calculations and may rherefore bc riduced ro a consrant fra;tion
100/12, i-e. 7,000/84{. A usetul littte fomula is then evidcnt:

._L
I

Then,

Length in yards 100

Weight in grains
Fulher, if leas are always tested, then

120 x I00

t2

1,000
Cotton count :

Weight in grains x 12 Weight in Brains
Coalling stst?ns
Table 6.1 gives the vatues ofthe unit of lengrh and weight used io
IT9 9ii..! and indirect sysrems or yarn numbering _2 qg1;61,.
Table;t looks, roo:The names ofsomc will sugSest lo th; reader rhat
one of.the reasons for this divenity is gcographical. Thc rcxrilc
industry gi:vtJp in diflercnt localities and each chose its own svstem
to suit local conditions. Conversion from one sysicm to anotier is
achicv€d by co[versioa factors and cbDstants. .ivherc 

a direct to a
dircct rystemr or an indircct to an indirect lystcm is concrmcd, a
multiplying conversion factor is u!cd.
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TabL 6.l. Ltnitt oJ Ltncth Md W.iEh, ;n Couting S)lttu

Linen (drt{pun), }emp, jule
silk

U'oouen (America" g.ain)

14,400 vards (sivndle)
1,000 yards

14,400 yards

co*on (British)
Cotton (Continental)
GIN (U.S.A. and U.K.)

84{ yads (hank)

100 yard!
3m yard! (16),

8{{ yards (hanL)
t 1,520 yzrds (spFdl.)

100 yard3

300 ya.d! (@0
300 yar& (cu, I

320 yards Gnap)
256 yards (sk.in)

560 yzrd! (hank)

0.5 lilosrah

Spu silk

ur@ll6 (Amcrican cuo
w@ll.n (American run)

woollen (w6. or Ensland)

Exanphs. De,iu X 0.1I I I : tex, direct to direct.
' Cotton count X 1.5 - wo$,tcd count, indireci t^ indirect.

Where the convenion is lroryr a direct to an indirect or vicc versa,
a constant is used into which the known couDt is divid€d to Sivc the
fqu;valent count in the olhfr system.
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ExafiPLs.'Ihe cofistant for cotton count and denicr is 5315. Thus,
5315

32s cottofl'count: 
-:166 

denier
co

5315

and 100 denicr : 
- 

:53 15s coiton count
r00

Conve6ioD factors and constantr for a sclacted range ofcou'tint
systerns are given in Table 6.2.

'Tabb 6.2. Cono.nio fi@ Otu Cou't Sytd t' ltutttr
Dircct lo Diret

M'llilbiql&t r bti,)c,.Mt in

Lh6 (d"ntu,

Dcala

{ooll4 (Abddeo)

UMr (w.t{pitd: ,. }l

9 000

,lo.o

woolLa (Yorr. .r.in)

580.5
1554
l9s8
805.8 .

'lr.lt
', s'00

56.35
25.71wcrtd. .r.l.

r'r'lridt;.t ldb, b ti8 rqr.o!,!;^

,rs)
wooai (G*.

,ki,)

Cott6 and lpun .ilt

woollm (YorL. J..i!)
0.357t
0.3u4
0.6657

2.800

o.8s33
1.86?

3.28r
t.t7z

2.r88

l-500
0'5357
0:457t

Ditui to lodircct and l.diEr b'DrEt.

Prin, ol Texlile - 15
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R zrio.litation oJtad nt nbdi"ga
ConvcBions of count from one s)rteft to anothcr costs limc and
pgney a"9 tlrcrc is alwa;s rhc risl. of a misralrc. As the texrile
rndustry dcvelopcd corhmcrcially and lechnically, it becamc
rncrca$ngty clear thal there was a nccd to devisr a svstem of varn
numbering which could bc uscd by all conccm.a ln tfic 

"-a"J,i""and distribution of tcxtilcr, a ,universal yam 
"umter;"giytem,, ;n

fact. R€cogniti,on ofthir urgent nced did not Iead to it ipJJ, *1"_
tron. Numerou! discussions and confcrcnccs havc bccn ireld'but it

- was- not until coftpaiatively recenlly'tlat a fi.- a""irio, *"" r"l.n.rn t95ti a conIercDce of the Intemational Organisat_ion for Stand_adiiatioo (I.S.O.) recommended the adoptio-n 
"f t. rr, "r*t.-.(tor-a hilIorical baclrground to rhe rccornmendation lhe reader

stlould coruult thc rclcvant refcrenc6.)

Tfu Lx gttrrn
The yam numbtr or counl in rhe tex system is lhe wciqhr in sramsof-l lrn of yarn. This sysrem is thcrcfore . dir..t "vj.-. .i;";
denned and simple ro usc. Extcnsions ofthc bajic 

"ystcrn 
a.c urj ii

ordcr to €)rpress rhe fiacnes of 6bres and filam.n" Ln tf,. o"" frr"J-
and intermediatc producrs and coarc yams on th. .,h... i;;;;.i;;
nDrcs tie tincncs i! cxpressed in ,millitcr,, i.e. thc wEight in rnilli_
grams pcr Lilomctie. For such intcrm€diatc plod*t" J "trc.. _a
:oar.sc yam rtrucrurcr lile cords, rhe count is expressed in .kilotex,,
r.c, thc- weight in ldlograms per l.ilomctre or, wlat amounts to the
sam€ tnlng, grarhs per metre.' The adoption ofthe tex system ofyarn numbering will, ofcourre.
De a slow proccss and cause cxtra worl and some headaches untii
cveryone becomcs familiar with it, but lhi! short_term disadvantasewul tc morc than compensar€d for in tle future when the ol.d

:y,!tTI are mcrcly of hislorical intcrest. Ainumber of yarn and
labnc taatures are dcscribed numcrically and ir thcir cakuLtion thcprclcnt systcm3 arc used. For cxample, rhc twist factor for a cottonyam rndrcatc! thc d€ree oftwLt in rhe yam and is related to thc
count and turm p€r inch in thc following way:

Tums pcr inch - twist factor x y'count
h,is iromcdiatcty obvious that whcn thc tex system is us€d ,ru.r|!

pcr.rnqr'_wrll Do longcf bc a suitable way of elpr€silg twist ard
:l.l-. fsrl. lpg,h:"it tloutd bc appropriarc, 

"ay 
t"r,u-pcr _ct c,.tn addrtion, thc.rlaluc of y'(rcx count) will difcr ftom y'(cotton

.Se .Lo: B.S. H.!db@t No. tt,;- ggi fd Mt d.@ dt tun @,o,t i<6r.
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l"nuntl. Thc lwist factor will therdorc bc diffd.nt' Furthcr, sincc

thc t& systcm is a dircct systcm and thc cotton s)tslem an indir€ct
qstcm, tirc fo.m of thc relitionship betwceo turB!, twist factor, and

count will chanqc:- Twist fector
Tums oer mctr_c

V(tGt count)

Numcrical cxamPles to ilustratc thir Point will bc givco *hcn twist

tsting i! disculscd latcr in lhit chaPtcr.
In iabric tcchnology thc opcnncss, or, morc appropriatcly- the

closcncss of a fabric,ii tr.prci'ed uy ttre 'covcr facor" The 'warP
covcr factor' is given bv:

ftumbcr of warP tfuead.r Pcr inch

y'(cotton count)

Asain ii i! apparcnt that fic inch must b€ rePlaced by a mctric

i.icth ""it a'"t tlat ylcotton count) wilt b€ a differmt valuc to
./(icx count). The covcr factor could becomc:' ',fr' : liumbcr of thrcad! Pcr centimctrc x y'(tex count) 

-
Thcsc DoinB and othcr techniol asPects o[ yarn and tabnc

structurc ; I havc to bc gradually aborbcd by tc'(tile men unlil thcy

can ulc lhc new valucs with the facilitv with which 1!9r -91 -tttc
Drcscnt ones, A rcport of Baycs (J. 7.x,. Iat'' {8, P255 (t957)),

li""rtting tt. tcx'sptcm and it!;ffects, i! recommended to thc

readcr.
Coiontion ol lraditioaal couats to tlx.lo numb'|' Coruider the

.o.version of cotton count and deni6 (o tex:
590'5

(l) Tex : 

--
cotton count

(2) TcxF dddc! x 0'tlll
. A few catculations will sholv that the equivalcnt tcx yarn numbcr
.ofa 'rouad' rraditional count i: usually far Aoin round For examPle,

3it cotton count becomes 18'45 tei, and 150 dcni6 brcomcs 16'67

icx. Ir will bc apprec;ated tlat when the tex systcrn is used commcr'
.l"il. ;"."""-iiLt numbcrs such a! tbesc mus! bc avoided The

irra,r'"itv t"lU bc obliscd to alter itt Prcamt ralge ofyam thickoesscs

.ii"frtf"'.na .oi" to Jonvcrrient lcx varn nurnbcn When thc charrgt

i.'-"i. irt. 'o"o"tt""iw ariscs foi thc induction of a reduced

"."r. "r".* tili*"otes. .n idce which har bccn Put forward b€forc

G"""S.y:t, e' W. J. T.xr. tut. !6,PA7 (1945)' Md J' T"t ltltt' s'
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P487 (194I). IErplcmdrtatirn of a rcduc'd rangc would siEPli&

"rimiipi6!f.-"' 
."a still givc thc anilc dcsigncr scopc to achicvc

;widc variety of to(tilc stnrcturcs.
a li.t of t x varn nuDbcrs recomncod'd at $c I'S'O' HaAuc

Conf-*.. in f fiSO i" gi"C,. h Tablc 6'3 t%d}er w h thc cquival'nt

tradilioDrl counis io two coEEon systaos'- rl'-i"" tt t-"t"1e.""f pcriod it'has bcc'r suscstcd that' whcn

""""t" i" o""t + thc traditional count shotld bc folow€d in

;Js; il.;;*. tc! cquivalctrt, c{' lB cotton co"nt (5o tcr)
.nd nor 49'2 t4 At $G ncw sFtcm bccomc3 Edc Gommonry usc4

*. "rr" ".-t- stouf uc iqrcssea itr tcx lith lhc GquiElcnt

iai io"rr "-m 
l" t..rr.,", co;cct to lhtc tignift3at figuts' c'g'

50 te! (f t'8 cotton counq.lel I rl'o (uur wr[rr.
f"-tili, J-.n"., tt it""f &,r ric tt"eitiot'"t cormr in h'-'clets

witl r$ aaa a{;agr r-nuuiftr irif bc cxPrtsecd'io tcr-

Tlu trfl'z',,d oJPtdq @ dr'
r'ffi;;,iJ;km of vara ouebcritrs emplovcd' tre- Fsic
..""Gtt r.. uJ a.r--i"""* of rhc yarn Dumbcr 'rc -(l) 

an

accuratc vduc frr rhc sanplc lcrrgth' 
'Dd 

(2) an 
'ccuratc 

\ra['c lor

ii! wcieht. At 6rst Flaflcc rhcs€ rcquireocnts apPcar $mp'' cnougtr'

;-.; i;"-;;;,#. "* 
pciblc sourccs of qror which must eith'r

;'dt#-i-.rcd;;"oria fo. io tt" cat".,t"tions' Thc mcrhods of
;#;;,h. r.r- "umhct 

dcp.rd to a largc ctt'',t o-D ihc fotn
i'Jr.Ll tfl.."i ;" 

"r.llruc 
fe'tcting. For imtancc, whcn yarn b

il ii. m. #" t-- t"uu"' r l'ong *tnit'c tcngrh can E tltc': bd il
tbc *'aro and *dt cot-t" of tbc )'artrs in a 6 in' x ti in' Pccc ol

i"u"ll '*JJ "av 
a truab'r of shorr lengrbs art arailablc'

Somc o[ rhc:a poins wilt nou' bc considcrcd'

. I-caprt wawznaat
;X; r.d;;i,,^. whcrc thc varn is in pa&gc f91n'- soch.as

.i"" hoilbiDs-; conc+ it is u5ual to $ind a nurbcr ol stcms Dy
'#;;-"-; ;- h;" ir " 

simpte mact'inc consistin{ of a rtcl'
; oaclacc cicl. 

" rern suide which h's a sm''I sidcways traveric

ffifi;; -I; ;f varnl a knsth indk'tor' and a warning-bcll'

i;';"-;-.ot il n""a- ---nnati"to aad s6E arc 6ttcd

*[ ',"'l-t"UrL aeviccs. A tvpicii r1rp rcd k rhown in Ftgurc

cr. f* -to" vrriit,L rtcl has a ginh of54 in-' ll vd' so rnat

&i ilJ-rGorit "l*. rcel prod':c=i srcin of rlo vd' or a lce' Tltc

.*c .b tid lh'irt { r@. E s} H'!dt@l X; I l' F lm
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'ESAINO

o-,r-,6.1. M",-t "d;:;T''rtu 
L' &'!dra Lr)

rccl. girth and thc skein len8th are choscn to suit thc scctioo oftbcrade conccrned, I m recl girth for metric s,stems (and tcx. oicours€), Jo rn. tbr worsted, ctc. A 6rst chcck should bc to matc;.rre
tnat tlle grrth olthc rccl is, in fact, 54 in., I m, or 36 in. Inaccurati
recrs are not unlmown aDd thc author met onc which was coniol-
being morc than 54 ir. at tbc tact and les! rh." s+ i". .,-,flii"iil

.!1carlse yals poar€a! cxtensibitity, i, f.U"*. ,f,.i ii,.-r.*i""'"i
wmch rne skcrn rs-wrapped will affccr tle result_a high rcnsion willproduc! a stein of,l20'yd wlich wi[ be too Iight in weight and thccarculated count will be on the finc side. A skein gauge c-an be usedto check-lhat the rceling rension b correct. This insrirment is f,rti,
oescnocd in rhc B.S. tlandbook.. Fi8ure 6.2(a) shows a skcin Jfyam.on a.stein gauge. Thc rceling tension should bc such that whenthc sron Ir undcr a load per end equal to thc wcicht of44o vd ofrh;
y-am tcsted, rhc indicated skein gbth should bc w;ttrin O.S fr cent ofthc reel girfi. Thc limic arc seion thc skcin !aug;;;l. ;t,h;;;
of movablc pointcrs.

Wlen yam i3 wound on to a pactogc a ccrtain amount of tmsion
.19s6 Edition
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FiE@ 6-2ld). TIB *.h eaw' Nok th' ti it -drk' on Lb t'fi'hdl sah

2r9

is out on rhc yarn to climinate \'eat Placcs or Sivc thc Pactagc

li"ffit",- fl. 'i"- f" tf,creforc in a stati ofstrain and so' when the

i,TIi'i'Jir"i i'..rt ;n ti''. fo"r"g', *-' otthis suain rs recovcred'

l::'if,.",];;i;;;na io".'iti' To countcract thts rource or

.."i rtJf, v..* "ft.tfd 
nrst bc wound into hank form' allowed lo

::ii ;;J;;;;,",.sPhcrc for not l""s thao 3 hr' and wraPPcd

for count on the rccl.'" liil.* p.*$r., it is alwa,s rccommended lhat yarn 
-sbould 

bc

,rr^*J t, 
"orraition 

in the tcsting atmo3Pher(; if in hant form for at

iJIf#,ffi.iiiliir* i'ipi'ui9' aiter which thc rccling

should bc carricd out at thc correct tcnlron'
"*il; 

't ;;;;,r". 
rhf i'k'-i"6dsn ^r 

tl'e vam count of lzrns

in fabrics is uluaUy madc on a comp"ratiteiy sihort samPle lcngth
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because rhc picccoffabric available, even iflull widrh, is ofren onlv ayard or so lons. somerimes onry a square fool 

". 
,_.ll.Gilir"J'jla"the test.melhod is the; modified accordingly. Af,., 

"."dir;;;;.i;th_e restins atmospher€ (for 24 hr wher€ p"os,iUr.i,-r""',*,.l,._irll
wa+', way srrips and 6ve weft way strips ire .* ii"_ ,r,. .r.ii. i],lcngrh. lhe strip,s shoutd be abou;20 i;. 

"rd ",,id. .r.r;;;l;.;t ty threads to be removed from each srrip. Th" ditr*.;:;;;;;warp and weft sp€cimens arises 6om the iact lh^ IO0 i;;;;;;;;

Ii:iliIT"fi i:r,it1"rrx"r:I:r:#tfiT#ffi rrepresent five weft packages, but even tnis is bei..';;;.;;;ilil;thc count o[ two weft Daclao.(

, Yarn removed from iabric'ls crimped due to rhe intertacing ofrhe
l*::j:-1]:"11 j *.*sary to €stimaie rhe srr.rsh*il i;;;;i ;i;i:rhreads rirher by a roush'.,i",p.h;k; ;;.;i;;';:,h;:il';'..j;
r u,c, or Dy a cnmp lerlcr, Crimp derermine&r istih^*d i^ ;L _--- -.-, vi w, q (rnxp rc'rcr, unmD det',1tinrffii is discused in Chan_ler 7, but we must anri<{pere i lirdc andad$;;i;;;;;,;?:.

. Seaightened lcngth_ crimped IengrhunmP Perc.ntage :.---------_j_-- 
--_-. ifr,t

Irom this it will be see",f.., trp i.i,ilJffi ;;,'.:r:'"LT,r:T11i;y:o',1':." "s/.,',cngr-h 
used in the

(100 f:crimp percenrage)Stdp length X number 6f, thrcads x

where very srnarr fabric sampl,es are.r"*+ ,11?. r...,..r,remptares for cutting the threaasithac arc od{&;;;i,ff#Iiil
smatl.batances designed ro give i quick estim*. ir,r,1 _,,i. ij,l'jsuch balance is rhe Becslc/balanJe anchapter. d is qescribed laler iD this

Wzight tn aswcnat
Balawa, The analyrical balances and any orher s!,e.iat yarnbalanccs used in,rhe determination ofcount mr", b. 

""";;;;:";;'i;i"#,i:I':i,:T*fr1.,T1il:Tff:.#illi,,*.J::J::ti:
rhe batancc- and weishts sioutd be calable of gJ;;;;t;ij'::iaccuracy ofnot les! rhan I in 5OO_

.. 
XrSarn. Thc problem.ofaccounting ftF rhe presence of *isrure inrnc sample can bc tackled in 

"ev.ril *,ays, 
_rrro 

of which are con-srdered hcrc.
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(l) Delermine the oven dry weight and multiPly by' ' 100 * standard regain

100

(2) Allow the samplc to condition in the testing atmosphcre long
' ' cnough to reach equitibrium, and thcn wcigh in thc same at-

mosDhere.
The risults ofrbe two methods will not necessarily agrce sincc the

oficial reeain and the equilibrium rcarin in a stand'rd atmosPhere

arc not ;ecessarily idtintical. Which ruethod rhodd bc- used?

Method (l) shoutd gtra accuririi iesults : ,- *,hich are

22t

intemal use.

(3\ Tlu W.I.R.A. hzeLd &nn utql iel' ' The Wool Industrie Rcscarch Associatk n havc dcvcloped a

healrd drum wrap reel (fieutc 6p(b)). By dryine the yarn a5 it
is measurtd for iength thc count can be obtalned far more

raoidlv lt,an rcclins firit aod thcn drying the sleins Under

sood .o"d;tio", rhicount can bc dctermincd in about two

minuies.

Ad&d aad nblraded nakria&. BctwcEn thc rPindlc Point and the

finished fabric the yarns may rmdergo a annilcr oftreatment. each

of which may aker thcir wcight. Some increas€ the weiSht, e g'

";inn of -uti ,"*", *hile oth-en reducc tie wcighl' c'g scouring

and 
"bleachine. ]-he coun! determined from a sample may therefore

reouire sometrrection if an estimale oflhe original sPun count is

wa'nted. Obviously, the history of the samPle is a usdul piece of
inl;ormation ; without this information t€sts must be made to identify
anv addcd substances. such a. rcsin, and then the reldvant t€st! must

betried out to daermine th€ pcrcantage of added materials toss

in wcight cannot be determined and correctionr'must bc made by
the usi of averagc frgures basqd on expericnce-

J{ot s on som. .ount btting ruthids (8.5. mlo: 1953) ,
Wtdb ,..t- sk.it e@e.. dttirte oun' a,ound 

'atafft 
When testing

.o'i oo.t 
"no. 

,i*tJen atc iand"rnlv chosen and a lea from each

#"pica on-tt c teel at lhc corrcct t€nsion (the skein gawe i5 used to
chcci the rccling tcnsion). Tlc tca5 arc takcn tQ constant weight in
thc drying oveniThc oficial regrin tu added to th. oven dry v"cight3
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lB, awk', rf W.t,R.A,l

Fisd. 6.2(b). Th. w.I.R.l.leakd ddn uo, /al

and the individual count results lecorded, The fican count is rhen \

calculated. j

A fuller desiription of thc. prccedure is given in thc British
Standard handbook. Modified procedures may be used for particu-
lar purposes, e.g, thc rcel girth may be othcr than 54 in, and the
skein length may not be 120 yd. The us€ of the ter system will
rcquire a reel of I m and a skein length of perhaps 50 m. T$.enty
skeins would, in this case, lre a more convcni€nt num6€r to test since
Oe tex yarn numb€r would thcn be given by rh€ total correc.ted
weight in grarru afihe whole samplc. i.e. I km.

Again, thc numbcr of bobbins in the samplc may be choserr to
suit a panicular quality control 5),stem. In somc mills, e.g. r,r,orstcd
spinning or condenser spinning milk, only four bobbim are t€sted for
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count from onc framc, rhc control chars bcing set out on this basis'

On rhc orhcr hand, igroup framc control'may be oPcrated' This
means that a srouo ofirarnes, nominally idcnlical in all rcsPecs, are

ircatcd as oni largt spinning unit. From this unit twcnty bobbins

mav be ralen as thi sample, oi any othcr numbcr which provides thc

,."'.or.y a",. to op.r"i. " cot itol s1"tem to a desbed degrec of

'tishtncs'.
Lother modiGcation is the elimination of rhe drying of thc yarn'

The samDtes arc left io condition in ihe testing room almosPhere and

reelcd and weighed in that atrnosphcre, The count is calculated from

thc wcights !o obtained
lthirat and anolvtbal balantt. ln mzny |r.ills thc leas of yam are

*aooed under nominallv the samc conditions evcry day, the ciact
,..ting t.*ion being uninown, and rhe leas weighed in thc lab-

*.toi .mro"ph...] For inlemal routinc testing PurPoscs ihis

-.tf,.,h -u, be considered sumcientlv accurate for the end in view'

lBt oeDolccodtur & a. Dnt

Frsw.6.3. Ttu K@Lr bdM
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Wa! rul a a Knoa .cs bahaa, To c|rt out t}re arithacdc reouircd
when rhe weigb-tsofthc slcins ofyarn are obtaincd oa ao anal'ytiJ
balance, special direct rcading balanccs can bc uscd, tbe Kniwlcs
balanct being one crample (see figurc 6.3). A bcam balancc is uscd,
behind whicb is a separatc md ofhcxagonal rcction with 6vc ofthc
laces Jelrered from A ro E and engraved with a count scale to covcr.
crrtain rang€. In-rh€ lrfi-hand pan a lcttcred weight is placcd and on
rhe beam a small lctrr.d r;dd

- 
Supaose a cot'.irn yarll ij to bc testcd a iijudgcd to be about 36&

Face B of the scalc is tumca ro the font, wctfi B is placcd in tbi
left-hand pan, and rider B pur on the beam.'Iftp*itiJ. 

"f 
tt.;der

is lhen adjusted until the beam is balanced andthc count rEad otr
direcdy from rhc !cal€, thc vatue ta.lcn oppcitc a linc ia ihc middle
of the rider. The Xnowles batance can, oicoursc, bc dcsigncd to suii
count systcrns olher than that of cotron_

(b..,raqlcr..-d e 6 tu4
Fitd. 6.4. Qt &6t Met ,ifr.,ti,s * tu,.f)o$ dd @Ar! Qbrds d
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WnL ral dd d $a&orr balatu . T\c qn draat bahnce is another

t oc oidircct rcadi"s instruiocrrt- Figure 6.4 shows a t)?ical balance'

i'givcn tenglh is mcasured out and susPended from rhc hool, lhe

co;t i! then rcad dircctly fmm thc quadrant scale. Thc vcrsatility of
rhis tvDe of balancc i3 imoroved by engraving the rca'le with more

than onc *ris ofvilE- Itr traofrlc,pqe rcalc may rcad from 0 l to
I .0 to sive lhe hanl ot a 4 yd samplc of diver or slubbing, a secord

scalc iav rcad Eom 0'l to 6'0 for m yd szmples ofrovings, and the
tbird scaic Eom 'lr to 8& fr,r 8'lO yd samplcs ol )'ad. Ihe scales just

mcntioocd arc in rlc cotton count sFt m, but otber quadrant
bdanco tc aveiteblc fc difrtrtnr ranges and diEcrert s,stems'

A[ account of thc dtiign of accrrraic quad'anl balances, in
Dartiorlar balarccs for usc itr thc t x rFLo, ir givoi in a selection of
lrticlcs publishcd in rhc lp54 Engti$ cdition ol fua Rcoitw'

Dn; ,uez -dr bd@. ModoD laborrtory balanres indicate

thc wcjght d argit f tta*""t -atd: Htqp' if tl-c yarn is.a
stcin of l0O m lorg iE wcight h gra@ s.y bc rttl br drccay
and multiplicd ty lO to givc thc cou i! tq uDits"

stuid 6dr-ot: A rltrrrrtu of spccial yarn balancct arc available

t hil 
"r" 

ao;go.a to firrnilh a quicl catinatc ofthc counr, EsPecially

whcn oolY small ranplct arc at t"od. One such balance is the

i t .!t." t t""". ilt*uir.a i" figrt" O.S.ltis instrument consisb of
! 

" tinolc tcam vitl a samplc hool at oc cod r'trd a Poirter at thc
dbcr: Ttc bcam L inidrti l6rdlcd to hdtg thc pohtcr oPpositc a

d.trD trn -Att nded stiSht tr huq in. noiti on thc beam arm
on thp pointcr ridc of lLc Pivot A r-flae |s us€d to cut shdrt
f.o"tit k vam. rhc lcosrh dcFrding upo thc couat system rc-

""iiia. m&.1".t t-,"Ot art add€d to thc bool until thc pointcr is

o'ppo.iic rhc darus tin; Thc count L rc ratrrr of dlc short lcngts
reorirtd to halenec rhc bcam.

itl* """a 
in thc arrtlytit of oall saoplcs of fabric, a rough

cstimatc of, 6e crimp rnJuU hc mtdc and th' 
'ormt 

corrccted'

Aloweacc6r blahilg, ltsitr fnilhcd; ctc', arc at thc dis€'Etion of
thc op<rato'.
(M af ldi{,nt
Tcrtboo,tr providiry numcrorr cxapptcr of the arithmetic in-
*frrcd in vam counlcakulatirr ari avaihblcr .nd fol Practicc in
rhn bEfti of r.td3 Darhcoaticr tltc Itadc. i! rdercd to (hem

' 1.." t"t of tcrttoog at ihc drd of rhit ctraPtcr)'

DoabLd ttzrlt
i;;-i;t .d by ttc cmbiiretion of two or toorc ringlc yarns
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Fitu. 5]-. A.",rq",on MxNk' 
{cnib'dt a' c"rd)

arc uscd in many ttrtile structurcs in ordcr to achicve heds which
may not be rcadily obtained ifsinglc yams were u!cd. The rcsultant
yam count can bc detcrmined by metho& des$ibcd earlier. Wherc
th€ count of the componelt thread! must be measurcd it is often
nec€ssary to dissect thc sample and carry out courit tcsts on short"
Ierlgths. For some of rhc simplcr plied yaros iuah methods'carr b€
avoided ifit is know, that all rhc compon.nt rhrcadr are of rhe same
count and the change in lengh of rhc thr"ads which ha6 t.rt,li
place during rhc doubtiag proccsr is also k'nown. , .

. Suppose a twofold cotton yam, i.c. a yarn madd b! rs i,ring r
sioglc yams togethcr, is found to have a count of l4s, and that ir ,,
Imown that thc doubling proeess causes a contracrion of lO per cenr
in the lergth of thc compo[cnt threads. In an indirect syst€m of
yarn counting the rcciprocal ofthe resultant count is cqual to rhe
sum of thc rcciprocals of thc coml,oi6nt thrladr (ncglectiirg the
cffects oftwisting on lcngrh). Thus,.ltt

---+-N tr, x,
h'here .lf: r€sultant count, and ,Yr, .\.,'- cotnponct,t thread
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counts. In our examplc, JYr and "^/" are known to Lre lhe samc. Hencc,

lll
.itr -x, , -v,

Thereforc, "Vr 
: 28s

2l
Jr, 14

Now, because the contraction has, in effect, caused the singles

varns to become coarscr. we must correct our €stimate by making it
i0 per cent fincr, and so the correctrd estimate of the original
singies count will be 2B x l'1, i.e. 30 &' Sometimes rhc doubling of
yur"n".uu"o thc comPoncnt threads to increase in lerglh and lhe

correction to thc €stimate will go thc other way.
The examplc givcn is, ofcourse, a fairly simple on€; other types of

plied sructu;es ;rc built by doubling yarns which have themselves

Leen doublcd. Neverthelesr, the logical application of the princip)es

of count testing will enablc a re&sonably accurale analysrs ol a
comDlex varn; b€ carried out. Yarn doubling and fie Produclioi
of fa'ncy yarns is an inleresting subject in its own riSh!. To give only

ore irrrponunt illustralion, ;ithotrt the development of tlae cord

technotogy the roads sofid be even more hazardous than lhey are

today.

1'ARN coutir AND YARN'orllrt:len'
An incrrasinslv important branch of iextilc lechnology i! the

scomerw of libric itir.tut., " 
subject which forms a rational

ioundation upon which to base a scientific study offabric construc-

tion. The appearancc, handle, drapc, and gencral bchaviour of
fabric arc depindent upon many lactors such as matedals us€d, yarn

structure, weave, and finish. Jusi how thcse factors interact is a major

nroblem confrorrtine tle fabiic eneineer. One importanl d;mension
i.""i.ed in the 

'tud"v 
offabric qeometrv is the 'diameler' ofa yarn, a

fi-i assumotion beine rhut Jvot" has, in fact. a circular crocs-

"..tion. 
In'oractice. it-is recomised rhat even ifa yarD were circular

to Legin *'itrt, it would belistorted whcn inrerlaced with orher

rhreaJs. and later perhaps flaltened during calendering' Peirce, in
his paper on cloth geonity (J. 'rc* Lrl,t.28'T45 ( 1937)) used the

a*rmorion ofcircularitv but noted at thc samc limc that yarns arc

flancr,'cd in fabric. Other cro${cctional BhaP€! havc becn corBid-

crcd, e,g, clliptical. A rcccnl paPcr by KemP (r' T'xt' I',Jt {,'T4+
(lgsil))-offc;a ncw shaF, rh;'r;cctrack'scction, that i!, rectangula' '
iith simi-circula. cnds] For thc moment we shall only consicicr thc
circular cross-scction.
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A number df simple formulae arc availablc for. thc €stimation of
yarn diamcter.

.Exarr?&r. Cotton yams :

I
(l) Diametcr (in inches) :

(2) Diaheter Gn inclcs) -

(3) Diaoeter (in inches) :
Worsted yams ;

(l) Damerer (in inches) :
y'(yards pcr pound) - lO per ccnt

I

y'(yards per pound) - l0 per cintt,
26. I ,y'(counts)

I

y'(800 x counts)

I

{2',) Diarnetcr (in inches) :
21.3 y'(worsted counts)

I
(3) Diameter (in inches) : --y'(500 X worsted coutrrs)

Pcirce approached rhe problco fru a considcration of the
apFarent spccific rolume of a yarn. 8y cxperiment, an apparcnr
spccific voluruc of l.l for cotton yarns was obtaincd, and frbm this
valuc a formula for yarn diam€ter wa! dcrived:

I

2q y'(coun0
Lct thc yarn have a count of./f tex. Assufiing that the specifc

volumc i! l.l, then l.l clnr of yam weighs t g. ftow, t g of.lf tG!.
yam ha: a hrgth of I /"rrrkm, or 105/.lrrcm. Hence, t.t cmE olyarn has
a lcngth of 105/.Y cm, Since volumc : cros-section x len8lth,

,td| l0r 
"l l -- x 

-4N
whcrc d is thc diamerer in contimetres.
Thcrt&)rt,'

4 x l.l x ,lf

zxl0r
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and. thertfort,
ti 4'4 \ 0 375

d- ^ll-l x y'.v:- y'"rr (cm)

\ \ -tor / I0O

Convening centimcucs Io inches, and tex ro cotton counts'

0 375 /(s90 5) I

229

I (in inches) : 

- 

x
100 /(coton count)

3.6

2'54

(in)
1OO y'(cottor count)

and, to round figures, 
1

(in)
28 y'(cotton count)

We could, lor the sake of comParison, exprtss this r*ult in the

form used in previous examPles; 
t

(i".)

. y'(Yar& Per Pound) - 3 5 Per cent

T1I.IST AND T\AIIST I(EASUBEMENT

In its $id€r connotetion, thc word 'spirningi' cmbraces all the

..r;.tt o.**"* which are necessary to trandorm fibrous raw

-"i..'.flri. ,".*. Even in lhc man'mad' continuous 6lament

;;; t.r,;;;;;;;ro(esses Produce the varns' onc stirl tarks or

loinnins. A more particular meaning is given to the word when wc

":;{d.: ;; ;;"d; in uhich a 't.ina 
or nu'c" in a more or less

;;;;il.;J;"t ;p; .r twisted on its axis to fo3 
" 
v*i'fh::::":;

[y for twist in yarn construction is reflect€d in most but not all

.le6nitions of the term 'twist':

'Twist is the measure ofthe spiral turns given toa- ya-rn in order to

holi the constltuent 6bres or tiueads togethe!'. (Skinkle)'

'When a strand is twisted thc comPoneot 6bres t€nd to takc on a

."LJii*,"ri.r,ir," s.ometric perfeition of'vhich depends on t'heir

o'riginal formation' (Morton).

'Twist mav bc dcfined as thc rotation about the yarn axis ofany

h.';.;;;;;-;;which was originallv' i c bcfore twistins'

parallel to thc yarraxis' (llzaol Rer' Vol 3)'

Pdn, of Textila - l6
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Ftsb. 6-6. Diktioa of tu& n jM,

, Figure 6.6 illusrrares lhese definirions. Olhermethods of describinsrhc twi$ direcrion wiI b€ found in ordtr ,rxiboot{s;,- 
";1,;;s. ilisince they Iead to confusion it is considereo *.rse ro omit rh€m h.r.

230

'Twist: The spiral disposition of rhr

"nich is *,,"r;'i;; *"ii"ii:,r;i,,:l'',J,lTff TlTn:t,,l.,lffi,q(J. n,r. I,lat.38, p626 ( r947)).
Accepring rhe fact rhat rwisi'is necessary to gire a larn culrerenceand strength, many, questions now arise, amongst them rhe t\,,.ormporiant ones of ,How much twist must be l*.i .a 1",. ._rr.. f;

i:d lYh1l fje^c." h.av! varl.ing amounts .f ;;;,;;;",il"j"1;properlies ?' Befor e deating wirli such qr,csrions ,t. _.iir"ai"idescribing twist and expreisinq rhe amounr .f r"irt rn,,.; ;;;;-sidererl

Tu;tt diftction(Source : f.S. S+O:rO.lrr
The direcrion of r\vist al each sroge oirnunufo.tr." ;s indicared b\.

:::":::Jj,,* rerrers s or z i"- ."-,a",..-,,i,r. ir,.-r"i,il^:ri,_

, 
A^single.yarn hds S rsist if. s.hen it ;s hetd in tl,f verticat posit;on.rhe fibres inclined. lo rhe axis of rhe yarn conform i. di.; r;;isrope ro rhe cenirat poflion ofthe tet.r S Simila.ty, rhe rarn;;s,twist ifthe fitres inctined to rhe axis ofrhe yarn contbrm in direrrionol slope ro the cenrral portion ofthe le(er Z
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From the spinning Point ofview, it normally matters.little which
$av the iwisi soes. However, when single yarns are plied or com-

uinid in rhe foim of fahr;c, rhe direction ofrwist becomes imPorlant

be"aus. it inflrrences the clraracter and the aPPearance ofthe finished

article.

i"'s.i.6+o'rssz it is stated that the amount of twist in a thrcad

"i .u.t 
"run. 

of manufaclur€ is denoted by a figure Siving the

number of tirns of twist per unit lenqth in (he twisted condition at

if,"i "og..' 
Thus in Figure 6.7 we note thc meaning of 20 t p i',

trvenry tums per inch.

ffi

N1
r.yr'#ls:!I./
(..s. 20 r'P-i)

FUd. 6 7' Antut ai i;st

For rnany practical Purposes this method of exPressing the

.-o""t of i.i.t serves quite velt, but the €xprelsion contains.no

..i".."". ,o *,. *""t of the yarn. A 
"oune 

yarn with 20 t'P'i' has

,.'iiv aiF.'."r tuist charactiristics to a fine varn with 29l C:i PI
usine an expression knoh'n as lhe'($isl fa'lor'or'twist multrPlter It
i, p.,'"";i:. . .pp*.irte the twkl .hara'ter of a yarn even without

knosledee of the yarn count.----ii-'*'e-s 
t.".it."o an idealised element ofa yam' showing one

At.e'"" Lhe varn surface following a helical path and making one

i,- 
'o'rna 

ti,. vu.n axis. The tr iit angte 0 is rhe 3nglc betwcen a

tansent to rhe helix formed by the fibre and rhe yarn axrs' l'y
;rriliiir*; ,rt. ***. layer we see that the 6bre bccomes the h1'pot-

enuse of a right'ang)ed triangle.
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Fie@ 6.8- Tui't a,!h

Let the yarn diameter be d inches and let , bc the length
occupied by onc complcte turn oftw;st. Then;

I
I
- : turrB per inch
I

a\ e G d x tums per inch

and

thereforc,

. Wc noted earlier that when rhe count s)stcm is an indhecr s, stem,
thcyam diameter ir proportional to the r€ciprocal of the squa'c rooi
of rhe count. Thus,

I
d€- ... (6.4). y'(count)

Using this relationship wc can rewrite siateinent (6.3),

tan 0 ca
turns pcr inch

y'(count)

of yarn

. (6.1)

. . . (6.2)

. . . (6.3)

. (6.s)

Ilis is more convcdently cxpressed in thc following form:
Turns per inch : lr y'(cound ,. . f6-6)

Thc constant rf is t rmcd rhe.twist faclor' or ,t 
"l"t 

m"ttipler' .ira i.
dir€crly proporlional to thc tangent of thc twist angle.

A rangc of say, c.tton yarn! spun to difrer.nt coGts, but with the
sarnc twist facto-r thmughout, will posse$ the same dcgree of hard.
ness and twist character, The spinning framc ovcrlooke-r can readily

)
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calculate thc t.P.i. rcquired to sPin a given count with a specih'd

iwht factor and calciate the twist wteel required from the twist
constant of the frame.

In addition to describing the amount oI twist in the yarn, the

twist factor also describes t_o some extent the n4tureof the yarn' A
.otton varn with a twist factor of 3 O wil be soft ifl fe€l and com-

"".uti"lttu 
ao"il.. *t....s a varn possessing a twist faclor of6'0 will

ie hard a'nd livcly. Thc choice oftr*st faclorwill therefore be related

to the use to whi;h the yarn is to be Put-weft, warp, knitting'-etc''' 
When a direct 

"1"tem 
ofyarn numbering i! used,lhc fofi cifthe

relationshiD b€tlve;n tums per unil lenglh, twist factor' and count

*;U Ue chu't eed. 'I-l,e yarn diameter *ill now bc direcdy Proportion-
al to thc sq,r".re .oot of thc yarn number. Consider what haPpens in

rhe tex syst€m:

Tex twist factor : tums per mAre X V(ir')
This results in twist facton ofabout 2,000 for soft twisted yarns and

I 0,000 for had twisted yarns. Such values appear a lit'tle- unwieldy

nfrhaos. but if tums Der cmlimetre \\'ere used instead of turns Per

iletre'the corresponding twist faetors would be 20 and 100

'fh. luutbn of luit ;n wm trudut.
wiii""L ,ri"i a strani of fibr"s has v€rv litrle slrength, and in rhe

first instance a yarn must havc lqficient tensrle strength to with-

.t*a tt..t €sJ ofpop"ration and fabric manufacture' It i5 useful

io ,,ore'here th"t t-ixlis yarn has been emptoyed as weit in fabrics

,lnilt ur..tto*r, t oronabl. *eft nay 
"t 

ength This one examPle

illustrates that lhe yarn proper1.ies who inlabit rrm are not necess-

arilv those demanded by the methods used in preParalion .and
,n"i,rt".ruti"g pt"..""es. 'Neverl 

heless, the main function of twist is

i" nir" cot etelnie to tire varn. The theories ofyam geomelry and ils

'"liri"" to mechanical oioperties are still being developed but some

"."*"t conclusions have been published and ihe notes which follow

ire condensed from Grego ry's papets in Jouaal oJ th' T'xtih llttituk'

'In ordcr to devctop strensih in a t$'istcd strand of dL'ontinuou frbrcs'

*.r' - . -"." y".i' -d io reisr brcalage, d'c iodivid'ral fibtcs mut
criD cach olncr wh.n Gc strud i5 strGtcd Thi! cohdion alises matnlv

i..',nii. t,"i, *r,i.t p"Be! rh. 6brer roscthcr a' th! stetchins rorc' i!
aDDIi.d and so d.rlopo friction b.twcen adjaclnt fibr6' Thc PBur'
rc."tl! f-n suc""i"8 th. twilt€d 3lrand dd hat it! oriAin in thc t'nsion

"-ri.a ro tr," *.t"."a oiral line! of thc idividutl fibr6 Ir i! imPortant

[?ali"" ,r,"t *E laGral pr€srurc has no scParak 
'xistcncc 

undl th'
rwist d clcmcnl i! str6€d.'
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ln his,book An Introduaion to th. Stud, oJ Spinning, Morton commmrs

on tiis topic:

.'Wt havc rhc some$har paradoxi.al condj(iotr in which rh. resion
hhrch-iendr ro pull rhe 6brB aparr induce ar ,t. *rn. ,;.., 

"u,. oi
rnter-hbre p.€ssur. rhat rends ro hotd rhem rogclh.r. Which of thc rwo
rendcncies 8airu rhe-uppcr hand depends on th; angh of rh€ spirat. if ;;
angr. B smafl, r.e. tl rh. ruist n tow, th. fibrcs can bc mrdc to sljde DLrr
onc anoth€r, but ifit i! la.$ rh.y cannor and rh. onty.ff*t of irc;;;;
rhc rcnsron E! in rhe cnd, to rupture rhc straDd by braung thc coml
ponent fibres.'

These.ideze are onlythc beginning ofa highly complex bur fascin_
ating subject, but in the prcsent volumc w; can onty rouch upon
some ol the many effrcrs oftwist and 6brepropert;es o; lhr yam ;nd
on the fabrics madc from the yarn.

Tuit, a d !6n shcngth
It ha! been known for many years !ha! an increase in rhe amounr
ol tw$t ploduces an increase in t}eyarn srrenglh, and that this effect
horcrs only up to a certain point.beyond which furlher increae in
twrst causes thc yarn to become u.eaker. Refcrring again lo Gregory.s
paper:

1n ord€r to dlvelop thc mdimum strcngrh in rhc twisted strand, a
compmmi'e mu't b. reachcd bctwccn rhc ir;€a!in8 coh6i"" of ;fi;i;
a3 rhc_ twis_ I ir in Ga,.4 and a decrcasc in thc ctrecti"e -"!nb;;;;; ;"
axial lo.dingof rhe srrad du. ro rne obliq,riry of rn" 6br-. 6;;;il
srrength v rwilt cuN€ for yam et.menc can rhur b. divided broadlv inro
two sectloDr: (t) a Iow rwisr resion in $hich Ge etrecr ofcoh6io; ouG
w.igh6 Jhar ofobtiquiry, gir ing rise to an incrcr in ,"*s,h,,1";.,;;r
up ro- the pornr at which fibre may jusr b.gin lo break, and in.r.4ing
Eprcuy a morc and more 6bres brFaLr ,2) a high iwilr rgion in whic;
Iurther u.r.ase in cohcsion no tonger produccs an in(reai in srrensrh
imcc.ihe m.joriry ofrh. fib.B br.at, shitsr t-he in.reasing inclination-of
rh. tibm caE6 thc atrength !o fa . The dilision b4ween ihe lwo rgions
coE6ponds to thc twist ar which rhe haximum srrcngth is realisei At
rhis twist the g.cater p.oporrion of rh. fibres break.,

^.The. 
efect of obliquny lo uhich crrgory rcfers is ihe resulr of

hbres being at an angl€ to rhe yarn axis.

'Sincc rhc 6bc arc inctin.d ro rhc axi! of rhe rwisr.d sEand. onty rhc
componos of rh. 6br. sl.csr resotved in ue dicr;on orthc axis o? tti
flrand efr(rivcly balancc rh. appti.d toad, od rtrc fu condburion ofr'brc arroSrh i! not reattu.d. This .ff(r of obtiquiry i! small at nst,
inc.easing more rapidty d rhe rwist builds up.'
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Not all wmlers in this ficld arc prepared to discount thc com_

*"..o "f,f," stressc at right anfles to rhe suand axis Hearle

[1.-i"o. t*t.49, T389 (19]"58)) his considered the influencc of
li;,;';. Ibr.* in the tensitc behaviour of twisted varns and

'Th.n.stecr ofrh* (transv.Ee)fort6 L $' more cxtraordinary d it it

"air*"6-*a 
ir,., 

'r,iv 
arc rhe onlv caust or reisimcc ro breakag< bv

slippagc in srafle fibrc )arns.'

In the literaturc lherc are numerous e)Gmples of the stren<lh v

t\dist curves for many types ofyarns spun from natural' man-macle'

,.Jli*a.a,"*r. d*iiples are shown in Figure 6 9 Ir musr notbe

ii.""fi. r,""'.r"r,.r,* vJ.n. a.e al*uvs 'p"n 
at twist factors to givt

maxim,rm strength; the yarn properties must be controlled to surt

the int€ndcd use of the Yarn.

3.200

400

2.

z,

z.

I
I

3.

r,600

5 6

Fisw. 6.9, Tuin fetnfts lttds|[ Fcdu'

SaN .f.rts of tu;'t olJab,L propcrti"
ii. h*"".r rwisi on r irc 

'cha 
racterisr ics of fabrics cannot be

-*..1 f" .-i.rl, p^r"e.^Phs' thercforc the remarks which follow

"i*. *.r.f, "" ,n'inaiJut;"" of*,e itnp"tta"ce oftwist in lhe yarns

i;# ";i.t,l*-il;; i.'.""'u**a' 'uv varying rhe amount and

direclion of twist the fabric designer can achieve a varr€ty ol laDnc

Iii..,.. io^. or,to. *c visual, ime are concerned with handle and

:;;;;u-J;.;; *cchanical, e g related to strensth or resistance



-, -O.n: 
example of r-risual effect is rhc ,shadow stripe,. Supposc actotn ts wor,/en wilh the warp rhreads in alter..,. U"ia, otd.""Ji

H.':,Aj:"0.'.'iifi :'n;T*,fi :"ffi iial'.:f; H,y;*le.:j
scts ot yarns. In a way. rhis effect is simiiar to ,f,* .... *i,.r'.l"*ihas been molved and rolled-

^- 
Th^e.rwil.l line in fabrics based on the twill weave can be subduedor Drought rnto greater prominence by choic. "lt*i., a;r*tl"r. i.iexamp)r. if rhr warp oi a twil has I twist *a ,f,. r*ifi-fi#,ri,'d_own to d)e l€[r',.rhen rhe use of orr S-way w.fr ,rbdr* ;; ;;;;ixne. Lonversely, lhe use ofa Z-u.ayveft wiilp-ar".. t"fi., i_iii

..-+-,,1*d yalT tends to unrwis! or assume a confisurarion inwhrch. a skte of equitibrium is arrained. Hiehty t";i;-;;; I'/rvely' and rends ro rwist upon itself and pd;i i;;1 i#t:made trom highty twisred_yarm will posses" u tirety hunale. C.ioi)ans' ronnstance, have high twjst factors (5.S_S.O1 .na are rseJi"
:::j: jl:-:n*.".'*L,ic cr€pe_surface. rhe cl.th i, ;ou.;; j ;;;:waros g'ven arvel rrerrmenri dryine is done wirt tte cf"tn ire.]l"mifnsion. These condii;ons altow riei.6pe yarns 10 curt up and relaxi.^?L:,f:",:.,T 

:.d rhe we[ known ir6pe s,,f".. ;, p;..a;;J.-^.,,c renoency ,or yarns ro untwist can cause the fibric to curl-es?ec'alty at tle cornrrs. Curling wili resulr if ,Ir. ;;;;;;:;;,':io, the warp and weft yarns reinlor"e each "".. t*i*J';i.;;;i;:
T.H[ r:#]lE$::ffi 3i 

^s; 

ji:i illi ;ds*i;i ;:ai;;
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FiBb, 6.10. Tl* {tct o! taist i, lM orfabrn Not t . rdtinE ,/oe&d
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The complex relationships between 6bre properties' yarn Proper_

rie(. and f;bric prop€rties have been Etudied by many texure

'-.^.J *.*.",'U,i, as yet simpte practical fo'rrHilae are not

l?ji"ii. lil' al,uir"r iriimple ielatronships witl be established

because ofthe number otvarjables which intlu€nc€ the Properues oI

iil?}'l,.i i.t.r.'i*i,i is b,.,t on' ofthese variables' Neverthrtess'

-i"i,?iii. i..'., r.o* e*pe'ien'e a"d e*periment' and w-ork in

;i;#;;-;; ;at the iwist factors used in thc varns influence

##;;;;-p;;;.'it; ; tensile strens*, tearins stren$h' resi*ance

i"-"s.*i."i hindle' and so on A number of references to fabric

;.:"#;;]il;i;",d at the end of chapt$ 7 and jnformation

Iii"il"s i" ,';, .r*o mav be obtained from rhem'

Thz tua-n .7n of tuit
i"".'.i -..ft"ai of twist determination are available and the

]"i." .i*rtl"r, ," "t. rnay be governed by specification' accuracy

:;;J.;;;';f;; "a-pr' 
"and s" on rhe m€thods whi(h are

;;;.ti,.* are, in the main, applicable to rhe more common

;;;;';;;;; "p".i"l 
oppu'"tu' -iv be needed for twist measurc-

'll"i in Jr.n -rt..i"ts iJ svnthetic monofilaments'"'ijj;ilil;;;;"rrvl 
' '"-m "rp"i"ts 

must be watched jr

retiable results are required'

-sdnrliflg. Twist is not usually di5tributcd uniformly along a yarn'

"*::"5;.';J.;t",J "i r"" "t*"*' has been investisated bv a

;;#;i;;;i;;. iiriu" t "n ro'nd that a rcration exists berween

iii'"'*ii",J iir. ,nr.lness orthe varn at rhe point \there rhe turns

::;'Jl, ;;il;.easured, and that it is of the rorm 'tuisl '
I.i,il': .;"";il rhi. i. ^'.tt'* wav or show;ng thar the rwist

l,:: i;;;il;i; ,i.;... ro -oia thi introduction or bias into

i'ilit -.lr*.*.*,'r, r'as been recommended thar rhe twist should

i'l i'"'"J"J,i n'.a iniervals alonq the yam, I vd beins sussested

l" i *iour. aitor... Such a practict wou)d prevent an operator

e;";;;;"ilil;.recting ri'e rhicrer or rhinner Praces in.the

:; -";;;il" *h.,, t}e "pe.im"' 
lensh is shon The British

I?;fi:::iil*;iii,i'i.,-l'1""""*ia'* not.stipurare such a

;ilfi;. b,; ;.;;;ends that ar tcast I vd should be left betu'een

consecutive testa.'-il;;i;-r^ n'.!mb€r of tests to tnake arc given- in B S'. 2085:

tgS+ and are rcprod,tced in Table 6 4' Where Possible' rqual num_

f.o f.o* ,." pi.l,gt" should be taken'
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Tobb 6.1. Th. Minintut N@b.t oJ TdkJd Tukt D.tdni@tiq

Plied and cabld vahr

Grey Frn (singte) lpun
Iim lona basr fibrca

IO

IO

l0
I

20

20

50
50

"Jl!h.d:"y1t:I),!,J,an 
ttu palkas.. A nice point arises when thcene(t ol wrtidrawing rhe larn .over end.fr"i.,,f,. p..L*.1"."i"1si&red.-A simpte demonstrarion of rhir effec,..; i.;;"";i,ili';

aro or a rape measure. Coil rhe rape and Iay it fl",." ,fr. i.Ui.. i,i.lup (he free end and raise it verricily. Trvisi wi b. d;;i.;;J;"';:tape.and irs direcrion will depend on rhe direc,t", ;;;;[il'il:iscoited II when looking from above, ,r,'.,,p.i_ 
""ii.a 

i" l'lfililwre d,re.lronj the rape wil have a few ,r.,i" .f S ,r,vi"i,"J 
"j.-.versa, It is rherefore ,rec..so.y ro decide wherher ," *l1ia."* .ilyarn o\-er the end ofrhe package or from the std". Th; i;;;;;..th:'iwill, of course. Ieave rhi twi"t"unchanged. c"id";;;;';ir;;',L;

ls gjven in rhe Br;r;sh Srdndard:

'ID the ahserc. ofpre.i$ insrrucrioG lo
the Paai6 concerned, .i,nd,.* .*.i-.il',i-"]tr?v' 

a8rccd-uron br
e."re" t; ;;;;*."" ::";:fi ltrr"li: :I.ililtrJ.J}*;r'! )4Irr PNe ol nr...sirig or rnanufa.rure. It ;3s.ntiar. in al (s"s. rh.r tr,e -.inoa " ri.r, r,"ir... ;;;,.1".;:specimens on ta,hich t*.ist rets havc been nade shou[;;#;;;,:
A prarri.al poinr ro watch in transferring ihe yam from the oack-ase ro the tesrins device is rhe neert r"" d.;;A;';;il;'"#iJ;

the yam 
.un 

necessarily. By drawing rhe yam oet\a€en finser andrhumb it is possibte to disrurb the dirrit uiion of,f,. ,";r,,'ii. ,"lrimay be rubbed atong the yarn and perhaps irrd"".r.";i; ;:;;;;;lrom the tesr length. A simitar rffec,; t"r;a ;, *ira;rg ,ip..rii.,iiespecialJy in rhe case of continuous_filarncnr yarns conraininq lowtl.isr. Thctwist di5turbance occrr.s rnhere rhe ya., O*r.;;;;";;'"rod!,and rhroush tens;on device!i rhis can rJd,.'"ilir.'r""ri,l"-'
twist i! is therefore rccommend€d *rat wherepossible thc yarn is handted ouside the rest lengti; ffi'ili;;the yarn Letween finger and thumb is to oe avo,cred.



YATN DIMENSIONS 239

Trmian in llu sb.eirtun. ln many cas€s ihe tcnsion at which lhe

-#,iL;'.rii,JJ s.iwcen the ja*s of the twist rester is l€ft to thc

:i:il;;r;;';;;;tor. but sinie the tension can affect the results

ifi;;i.ili; rJ; a standardised method of tensionins The

recommended amount oftension is given in B'S' 2085:1954 as tex/2

t l0 per cent.

Th. lnisht.rvd fibrc n thod ali tuilt d't'nnination

ii;":";;;1;;'i.i inti an erement or varn bv rhc rerarive

rotation of its two ends. a logical method ofmcasuring lhe twrsr rs [o

ffi;;il ;;;' ;,d cou"nt how manv tums are required to un-

,*l.,ifr. nt'.." r*if the! are again parallel This direct method is

.,,ri".J;, n.s.2085:19'54 (Bs. Handbook D ll4)'
- -l 

t""ical twist tesler is illuslraled in Figure 6 l l' This panicular

-"ai t as " fured length of I in between the two Jawsi but orn€r

ilH;;;;;;ti;fu; jn which the td renslh can be varied bv

.t;di.s the non-rotating jaw along a $aduated groove' I o maxe a

i..i'if.'..,"r,im;,itl"r ;" 
"et 

io '"ro 
nnd the varn clamped into

' ( Dt tud'a ol Jb^' B Hdt 
'! 

c'' Ltd)

Fts,,. 6 t t !,,1'ht'ff\:;ffi:,!.-"* ;f.if;;:'1":;!';i,iii 
dnati|nt'llaaiqt or
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the ro!_ating jaw. (Nore: lhe free end ofyarn from a package mayIos€ trList by untwisling i6etf. rh^refore !o avoid eriror rie firsimersurement must be madc about I vd from rhe end.) Th. y.;i;
Ied- r hrough I he.fixed jaw. over a guide pu ey. 

^,a 
ir,.,,,"*ti,.jii

cupprng a smalt v.,cight on ro jr. Afrer clos;ng rt" n*eaia* the t"r.niare-removed by roulingrhe handle in rheappropriate d-irection. Theend poinr may be judged by eye wirh ,r,. rial 
"r,-,_,ii t",._ i,,ig.rarer precaron can be obtained bv the use ofa dissecring r.o.tt.when mosr of rhe rwist is removed rle needre i; ;;;;;""J;:;:hbres close ro tire 6xed jaw and gently moved ri*..a" rfr. ""i,,i".ja\r'. Any r.s;dual rwisr,rnr rp toih" Iirt , und t;..;;J;;;il;i

adjustment.
Th€ number ofturns removed is read from the t:volution counterand recorded. From the results of 6fty tests rh" _.un and-i;';coefficient ofvariation are then calculated:
A semi-automatic trrist testff based on the suaigltened 6breprinciple is the ,Rock Bank, twist tester d€veloped b;;; ;;;;;deparrment ot Fine Spinners Lrd. Thc resr lens,h i" 

";f" I ir.. bri;,,',S.?I*l- berween rhe rorarins jaw and rhe revotuiiin countomuruples rhe acruat turns removed. Features ofrhe tester include amagnify-ing lens to observe the yam and a counter systerrl to recordup to- 6fty tests, after which thi total tums are read and the meancalculared.

Th. cont;nuout tuit hslel
In rhe descriprions of rhe rwist resrers just given ir will be se€n rhatr€sls on consecuiive Iengrhs ofyarn are not easily made because otrherns.rume desrgn and rhe amount ofyarn handling involved. Forlhe rntestigatioD of twist variarion ura alrr.;t rr;.r'uf",, . "".i;i_uous length of yarri, the Wool Industries Rcsearch A*;;;;;il;';
I::,fl.-o d. C,ohtinuous T$isr Tesre*h.;" ilFl;;; ;:ii: .fli;
nas- rnc exrra advantage of allowing twist rests at fixed inlenals$ irhour rhe need for eicessive yarn iandting *ht.h ;A; ;t,;;;;the tl!'ist.

_:l'e:rjthten€d 6l,re principte is sr; used for the actual measure-ment o, the twist and it is the merhod ofyarn controt $hich is lhemain fgatur€ ofthh instrument. The yarn passes from the sf,mDl.
Pactage,.u:r.ugha guide. through the n6n_rorarins iaw. rhroush ihe .

:!o:1r:ngJawi 
and is lvound on to a ctockwork-drn.enirum. Assimingrnara I rn. length oflyarn is grlp;rd betncen rhe-iarr.s, the ruirr i!tarcn out and the numt:er ofturns noted. The t andle i"it en trrreiuntil thc counter reading is agair zero, i.e. all th. tr"il h;;1;;;;i;
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back. The spring:loaded jaws of the mtatiag clamp are oPened and
the clamp moved I in. for*'ard to touch the fixed clamp. The latter is
then open€d and, undcr th€ tension of a light spring, the rotating
clamp is pulled b4ck to its working position and in so doing pulls a

new 1 in. sample into the test zone, at the samc time allowing the
clockwork-driven drum to lake up thc ilack yarn. The fixed clamp
is again closed and the next tett can be made.

@, rd.', rl c6ltt dr t, a. Ld)

fi96. 6.12. Toirt kttd lfutiA@$ hnsth)

When a longer t€st leneth is required, say 5 or l0 in. for testing
doubled yams or wherc a 6x€d distancc between tcsts is specificd,
the proccdure.is varicd slighdy sincc the rotating clamp has a
IimiGd forward movcmcnt; Thc atquancc aftcr a t st is then: slide
thc fxed clamp up io thc rotating clamp, op€n the latter and allow thc
drum to take up thc slacL yarn, ctosc it again, -stide the 6xed clamp
back to its original position, close it, and make the netrt t€st.

Thz tuitt conlractbn m.lhod
Onc of the effects of putting twist into a strand of fibres or
fiIaments is to cause the strand to contract in length' SuPPose a yarn
is twisted Z way and has a lcngth, i. Let the twist be comPletely
removed to produce an untivisted strand of lcngth I + ,, t being the
contraction due to tuist. Ifthe strand is now twisted 3 way with a
number of tulns equal to those rernoved, *e $'ould exPect that the
str.nd wilt again contract to thc original length, il. Several twist
testers are based upon this concePt.

l'isure 6,13 rhows a simplc insuument of this ty?e. The yarn is

6nt grippcd in the teft-hand clamp which is mounted on a pivot and
carries i pointcr, After beinS lcd through thc rotatingjaw, lhe yarn
is pdled through until thc pointer lies oPpotite a zcro linc on a



small quadrant scale; lhejaw is rhen closed. At this srase rhe sDeci-
men is under a small rens;on and has a nominal leneth-of tO t.i t",
any orher chosen lest len$h). As lhe tw;st is removed. rhe tar,
rxrends and lhe pointer assumes a vcrtical posirion. so removinj the
tension (iIthe l€nsion \tere main(ained on a srrand \a.irh verv jittt.
twist in jl, ihen rhe fibrcs would probably stide upart und ti.,e terl
rouJd be faulry). Eventua y all the twist is raken;ur bur the iaw is
kept rotating in rhe same direcrion until sufficient rsist has been
inserted to^bring the pointer back to thc zero mark again. The;ai
number of rurns regislered on rhe revolution countei i. dirid.a S,
20. i.e. rtr ice the number ofinches in rhe test lengrh, The result of thi's
divhion is the lurns per inch in rhe specimen. Cmomenr.s reflecrion
will slow ihar rwice rhe number of inches is used as a divisor sinre
only half the revolutions ofthe jaw actuatly /.rna& the twht,

242 PRINCIPLES OF TEXTILE TESTINC

Lat -i,," ,t c-a-,a . c,- t a
figd.6.13. Ttitt t sh,fd riael.)hN

The ease of operation of this type of twist is obvious. No great
opcrator skill is required, the end point is clcar, good lighting is not
essential, and a smaller number of tests than rhe standard method
recommends may be used (about t0 tes* are olten rcgarded as
enough).

Attefltion must be dmwn to a possitle source oferr.or when using
rhis type of trtist tester. It h'as m€ntioned earlier that onc would
€xpect that thc number ofturns rcquired to cause the untwisted yarn
to contract to its or;ginal Iength is €qual to the number of turns
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originally in the yarn. Unfortunately this is noi ahvays true. I. has
. been found that for some yarns the turns per inch determined by the

$vist contraction method are underestimated, while for other yarns
: they are overestimated when the values are compared with thore
obtained by the standard straightened fibre method.

It is reported in the W.I.R.A. handbook Tdrti"g and Control rhat for
woollen yarns the twist contraction method may give results up to 20
per ccnt below the straightened fibr€ method, whereas lor worsted
yarns, probably due 10 fibre slippage, the results in som€ cases may
be higher by I 5 per cent. An account of some experimental work on
this matter is given by Wotnet (Tert. Ret. J,26, P455 (1956)). The
disagreement between the resqlts obtained by counting the tumr in
the yarn with the aid of a low-porver microscope and the tNist
contraction method is noted. Carded singl€ cotton yarns were used
and Worner ob,serves that their behaviour rvas similar to that of
rvoollen yarns, i.e. the turns per inch values rvere underestimated by
the t$'ist contraction method. Tab!€ 6.5 gives some results obtained
in thc Testing l-aboratory at Bolton T€chnical College. A mixed
selection of singlc cotton yarns were tested and curioudy enough
nearly all the iesulB by the twist contraction method $,ere rLg,tt

T dbl. 6-5. Co,WLd of Tunr T6t R2ttlk u Si'{h Cnttoa rtu a;ng I n. Shaiehku.l
Fib,. @d th2 l0 in Tont Conbutio, M.dotk
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6
6
6t

l3
I8
22
30
32
4+
50
60
7+
80
9+

i03
60
90

\t i".)

8.79
9.3

10.9
13 56
t5.1
18 48
19.58
23.80
29.t4
25.0
2412
25 96
30 66.
30.94
35.00
27.7
39.1

c-v.
(t0ir.)

'.....=.=_ 
^ 

t00

11.t
l0-l
'!1 7

20-5
20.4
18.4
t? 9
23.5
20-7
20.0
21.5
22.3
20.5

_-38.2

305
285
265

9.59
r0.2s
10.50
14 55
l7-85
20.i0
22.65
23-AO
31 34
29-60
24.70
30.35
31.55
33.23
35.90
26.9
34 85

5.5
6.0
4.6
6.6
5.6
4-9
6-6
7.1

6.1
6.3
9.2
6.6

10.0
70
82
9.9

9.1
to.2

-1.7
7.4

t37
10.9
156' 0.0
7.6

18.4
2.1

t7.3
2.9
7.4
26

-2 9

-t0.4
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than the r€sults given by the I in. straightened 6bre method More

headaches !---i, 
i. or;te e'iacnt thul whcre accur alF results are required the I in'

'r."i"hr'ened fibre method ir prcferable to lhe rwist 'onlraction 
test'

ii.-..*f" f'.- tt'" t.trer m;thod should rh'refore be treated with

circumspection and examined in the light of cxpe ence in testing

"arious 
npes of varn.-,q. 

-o.i'efub"ture i""trumenr using the tu ist contraction princiPle

is shor^ n in figure 6-14 The poinrer is Iong and moves over.a Iarge

ouadrant scale. One end o[lhe yarn is clamPed in the roatrngJaw

and the other led through a clamp on a small drum o^ the pomter

",r.. ir,. '.qri..a 
t.'si6n is appUid by clipping a weight ro the end

.iii. "r* ^'"a 
,h* ; tamping the l arn to the drum To Pr€vem the

""." fL- U.i.n st..t.hei *lhen the tw;st has been removed' an

. lai"".frf. stop-on the quadrant resuicts the swing of the pointer

"itii*m.;.nit.n.i"n 
t as been developed in the test tenqth' rowards

ii" 
""a 

oftl" t..t, t" pull the pointer back to the zero mark on the

quadrant.

Th.'twist to bftak' t rt
,l .ttot, t.nnth of rarn is twisted in a tester such as the one shown

i. i;** oi r. r*i"i's is continued unlil the vam br€al{s and -the

,r-;.t oftr.n, ..qui.e'd, n,' is noted. The test is repeated, rhis time

i*i..i"" in tt. oD;site di;ecdon. Let ll' be th€ number of turns

r.qrir.i to t t..r.'tL. yarn in lhe second test The twist is then given

* (n' - o')

Twbt neasuement bY mictoscole
,{ -i..o".ooe t r";-ne u rotatins stage wilh its PeriPh'ry graduated

i" a*'..'.un be ri'ed ro meisure the twist angle and the varn
J;"-.:,* ""a enable the turns per inch to be derived A 6lar

mi".om.ter ey"piec" i" emploved ind it is fit:t calibrated against a

,*"" ^i.-tti.,i., Wirh lire slage set at zero degrees the yam'

-o'unred in a suiuble holder, is brought into focus and the moving

ir.ia;n" .i,f," eyepiece brought into Iine with the varn axis Geo

rimre 6.15(a)). Tie staec is now roraled unril the hair Iine is

i"i".",irr ,J iic helix foirmed bv the twist€d fibres on rhe varn

""']?.. ft." 
fl*"'. O.rs(b)). The angle throrqh which the slage]ras

i.." -Lr.a i! rhc', .eco'ded. Thr )arn diameter is easured in

i..." 
"1"y"p1.* 

ai"i"ions and then convert€d to thousandths of an

inch (or mi)limetres).

Prin, of Texlile -17
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(o) (b)

Fics.6.t5. Tu tuMMt b) htloeop

" 
At thh poinr lhe yam diamaer d is known and also thc rwist anglr

0. Tlc lenglh ofyarn occupied by one lurn oftwist is therelore giv-en
DY

d
h--

rand
Since turns per i[ch : Ift,

Qte
Turns per inch : 

-dA nurnber of ob,sewations will. ofcourse. be talen since borh the
twist angle and the yam diamererwill vary Som point to point along
the yarn.

Schwartz, who describes this method in his book Tdtile, and ttv
Micaoscop., colJj;rnena', .Twist determination by m*ns of 

"om" 
tor-

of twist counrer is precise only for plied or cuLtea y".ns. fo. ,i"!i"
yarns an accurate det€rmination is almost out of the question by t:his
means. Certainly no adequate idea oftwisr contracd;n in this iatrer
case is possible.'

Tukt ,ua'ut n.nt oJ ?ti.d tanlr i

For a variety of te(hnical reasons many rexdle strucrures are
designed eitler comptetely or parrty qirh it. "..p"..* y..r, i"
doubled or cabled form. Generalty speaking, the infeience isihar the
d6'red propertics ofthe srrucrure could not be obtained, or ai leasl
to thf required degre€, ifonly singte yarns were used. Lusrre. .eeu-
larity, sumgrh, extensibiliry, etasticity, Iivetin6!, and docility lre
the xrnd ol yam properties which may be ,built'into a Dtied varn h"
rh€ right selection of the singte yams and rhe r*t .;q""i of tlirst.#
t,on. Il is necessar),, thereforc, to be abjc to anallse plicd yarns to
determine such deails as doubling twist, sin(te! ti"i,,. Ll"_""-
resultant count, count ofcomponent yarns, anJso on.
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A flumber of PaPcrs on thc ProPerties ol doubled yarns and the

"ffects 
ofvarvins siructural detqiliare to be found in rhe literalure'

i*o....rt on.t"b.i"g fy Cruton and Dakin (J'T'xt |L'l 40-!2!1
itsszt), u"a He-t"l ri'Bel'".y. and Thakur \J' Tcxt' Insr' fi' Tt
irssgi). rL. former h concrrned with cotron and staple ravon

)"-..'una ,n. latt€r with rhe mechanical ProPertics of twisted

l^"ili"or.-m"-.n, ,.ms. In thc notes which follow we shall deal

^"r" *i,t,t. -."trt.m€nt of tsi5t and the changes in lengrh due to

iw(t. fle si*pl"r types of yarn will be mentioned but the basic

methods can d. ot.ira"a to cover more complicated plied yarn

---a.iuro' 
luist t.'t?ts. Take-up' is defined as the difference in

t.n** U.i*..n the lwisted and untuis(ed rhread, exPressed as a

oer-centaee ofthe unt"isted length. It is po'itive or negauve accoro'

i"" r" *f'"..ft* rfr. a"rbtins (wi;t causcs ; contraction or exlension in

i'ti iota.a vo.n.. Speciait*kt testers are available which have

J."i".t ." ift.* to a.commodate lhe change in the specimen

length as the test proceeds, and so they are commonly known as

'take-up' testen.

A commercial model.of this type ofinstrumc't is sho$ n ;n Figure

o.i6.i*i.rirr, ir,. *ri, is,imiiar to an ordi"ary model solar as thr

'*1.i .""",i"i.ra twist remo\al svstems are concerned The non-

."*,i"t-r.ttia"-" is mounted on a pair of smoorh lods and can

fi;i;".ii:;;6.-, its mo\em€nt beins noted trv.means of a

"*i""i.i ti.i..'rr,. complete unit of rotar;ns jaw and 
'€volulion

1"",*t.r" t. -.".a aloig r base scale for ad-iustflen! ofsP€cimen

Ien$h, Wilh the counler se( at Tero lhe )'arn h Iirst (lamped rn the

l|t ank"ol GDd[tsnd 
'n 

co' Ld)

fipur. 6-16. 'Tak.L|' b t'!n
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rotaling jaw and the, led through rhe sliding clamp to a spring_
loaded tcnsion grip, tolahich rension *,eights ire added to gii,e th'e
required test tensioning conditions. If extension is expectej as the
twist is removed, rhe sliding c)amp is moved up to rhe zero mark on
the tcale and rhen closed on the )arn. Somerimes the ya.n consrruc_
tron may cause contracl;on as t$i51. is taken oul- a rrial test will
shor,r' whether rhis occurs, in which case the sliding clamp wilt be
set in the middleof fie scale. Wlen all the doublingiwist is removed
the number ot lurr,s is noted and the mor,.ement ofihe sliding clamp
recorded.
The qua&ant tuist testet- 'this instrument was previously described
when the testi.g of single yarns was discussed. A variation in the
procedure-enables this type of tester to measure the doubling twist
and the changes in the specimen length at the same time. lvhen
testing_ single yams a stop is used to restrict the point€r movement,
(hc pointer merely indicaring the end of the resiwhcn it rerurns to
the zero position,When testingplied yarns rhepointer has freedom ro
move ovar rhe quadrant scale. The scale isgraduared, in tenrhs ofan
inch, for example, so that the contract;n or extension can be
noted.

..Th.ut. of o inau tu)ir,,rr#r.Adirectcountoftheturns perinchin a
plied yam may, ofcourse, be made on an ordinary I in. tri,ist tester or
a similar t,?e witi an adjustable tesr lengrh. \{ith plied r arns the
complcte removal of twist is rcadily judgcd by passing a needte
between the componmt threads. Thc cslimation ;f the-c,ranse in
lmgth, howwer, is not so convmienrty determined.

Thr twbt in conton nt tarrr. I'Iie yarn tesled rnay be a caLted yarn
composed of-yams which havc been plied and rhen the ptnd yarns
t\^ isted togefier; *.c anatysis may then involye a twist-rerr ;f rhe
cabling tums. a test of t}c doubling turns, and nnaly a iest of rhe
single yarn rwist. The point to bear in mind js that aher rhe rurns out
in at the last process have been taken out, rie component threads;re
then ;n the condition they \r'ere in belore rhat pi"..s *u, ,t- r"d.
Suppose a twofold yarn is tesred; then afier the doubling rurns have
been raken-out ihe specimen consists of.rwo indepen'dent single
threads, each ofwhich has rhc number of tums per initr ir laa tefJre
doubling. The twist in $e singte yarns may now be ksred eilher ix a
I in. tester or the testerbeing used; a takeup testeris usrrally designeil-
so that thc suding claErp can be lock.d in p;sition and the iest lc-nsth
reduced to I in, by Eliding rhe revotvingjaw along the baseboaJof
lhc testcr, The quadrant t€srcr is quicLty conve A for usc in resting
ure slngre yam.
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When the plied yarns have becn untwisted the comPonenr threads

.'" ",,r "rt'una 
pluc"d on ont side to au'ait further testing lt is

io,'"ii',-'t-'tLi ir,. .na, *. p""n''a from untwisting Some

l-"5-.* "t. . fr^.lUoaId ofsuirable uidth, \dirh slickv raPe along

tire edees to hold the rhread €nds'
"'"oi",i,lrtiii 

"i tt" u,udurc of raw'* The reader is rererred to the

riili". i..'l[ si,.J.'a "si, oz (J. T'xt' hr,t 5l PB7 (1s60))'

fi'.U;ili. . . ;;oddes a merhoJ for speci$'ing the struc.ture or

ii'ffi';;":;i iv ttli'rins Processes in t'rms of linear densitv'

i'"ri,u- 6r pties 1oi fitamenlsi. direction and amount of twist'

I.lJ","rl iu..' ind anv other features necessarv for a complcte

description of a Yarn'.

YARN T{AIRINESS

One of rhe important differences between conrinuoue filamenL

i".* ""i ,.-t'"pr" f."m slaPle fibres b ihat the tatter are 'hairy"

li"lr.. nir'" ."a"'""a roops otibres stand out from the rnain bodv of

:il:'i;;.'i'i;;; i;,."i.d to discuss !h'," varn Propertv in the

....i"ir.fr." U* ,f,. intere'ted reader may refer lo a recent PaPer

iJ#;;"d lt. r,"i'i"*,'.t v.;.". In hii concrusions Barerra states

l;:::"+J;;-;;";;; "i I -.*,.a sufficientrv sarisractorv rrom

i."ii' , ".i*,in. -a a practical Point of view for the easy measure-

::::?;;;;;" '!"ti"" 
;,ia*u't processes has been nored'

ii" *i.r,in" -.,mas are slow and t}e nuicker ones are open to

"t;;;;;;i ;;;are not soundlv basid' It 'would thercrore be

:^1;i:,; ili*;; merhod thaiis superior rothe existrns ones'

;:;.ili,.o;, ;;;'* . ii" '"'"" or'i" r'ur;cs and the charac-

,.Ji:#;; -;;; J*.", rhe vam hairinesr can eith., b€ a

;:-;;.-;; r,, u",ioioti' Pr"Pe'tv, 'o ihai its measurement

;t'il;J ;;;;'t""t.' p""it", 'n- 'The Hairiness or Yarns:

;'-R;;;i;; L'iterature and a Survev or the Present Position '

3. Tcrr. Iti.tt. 57, T46l (1966)')

#"*;1i;*. there have been imPortant devrloPments in thc

;;;i;,i';i;;;i;r varns based on rhermoprasic continuous

hl"ment varns: 'ihesc varns may be classified as follows:
'iiffi"i';u-". -+ilJ 

arc muitifilament varns which havc beent" ;i;*[il; o^'';;.i ']' 
i""*'a -"'" or b,rk per unit rengrh'

* s.. ALo B.S. Hedboot N o, ll, P. 103, D.sisnotid af fic Sttuhtt af fatu'
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(2) Stretch yarns. As rhe term impties, these )arns havc the abilirv
to be srrerched to high elonga(ions; fulrher. they have rhc
frorver to recover rapidly from elongation, hence their use in
'str€tch-to-fi t' apparel.

(3) Modi6ed stretch yams. Thesc are basicalty streich varns which
have had lheir characreristics modified to suit paiticular end

It u ill be appreciated rhat new rypcs of yarn may reqr:ire new
testing techniques, for research and Jevelopment of ihc yarns and
for thc roulinc quality control checks on tt. ya.ns s,_rppticd to thi
fabric producer. Several test merhods have been repon;d but at the
moment the testing situation is a little fluid. The test dcscribed
below has been in use for several years but even so the method has
ir. .rifi.c

The H.A..T.R.A, oinp ngidiu kst.'Ibe ability ofstrrrch and but[
yarns to coJlapse longitudinalty is ofimponance because rhe degree.ofc mp rigidity in8uenc€s rhe propeiies ofthe fabrics produ"cJ
Iitm these yams. Crimp rigidiry is a measure ot rhc abililv of a
texlured.ya_rn ro recover from stretch, and is related to ihe b;lking
potential ofthc yarn.

\b .i, .D .t shi,ta Datorwnn Ltd)

FiCuB 6.1f. Th, fl.A,7r-E.A.ttinl tisidi\ dfiatalr,
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In the t€ster developed by the Hosiery and Allied Trades Research

n-il.*"i'. 
" 

r."a .oi,ivalint ro 0'l g per denier is suspended from a

1i],. ^f;* -r,i"f, ii then immersed in water at room temPerature
',irii' i i,l.';i i."g.l' l, is measured The load is then reduced to

;''iir;', ;;;;;il;;Jarrer a r,rnher 2 min the reduced rensth'

i,, 
"- 

i;'*"*a. ift..rimp rigiditv is given bv the formula:

L,_L,
CrimP rigiditY : --- v 100%

Lr

The aDoaratus fo. rhe iest, supptied by Shirley DeveloPments

I-tJ. it tfi"" " in Figlre 6.17 The Sate lensioner is adJusled so tnar

il:.#;; il;;!ust remove-d when theskein is being wound'

)i;;;'.i;i;(; i; .."quired to accommodate the various denien
'.'-1""i,.,.i- ii* ir,he'nominal denier -erc 20 rhen a skein of 50

:;:;;";;"'d;.;;";J and the hearl ueight used wo,rd be I00 g

," li"" *'. *oui'ea o t g per denier initial load;ng The aPFroPratc

iffi', i"rLr" Ji"u u1i?li"' a zoo a"'i'r "rn a 2o-str'rnd sLein is

If."i.l;:i,.;;;il;i6d g 
"na 'u' 

tigt" "eisht 
B s A tabrr sives

ir'. *.o-*."i"a J.i" strands and weight values'-

The time laten to carry oul a lest is about hve mrnutes' ror nrrns

"#;il';';;; o"i't*g' nu'nu"' ortesrs HAr'RA' has

ii'i'"J . ..*i-"ri"*atic titer rnhich can enable one oPerator to

i. 
""i"* 

o6i*" ,.. lour and u'ith a team of r}'ree up ro lB0 t€.Ls

oer hour are Possible.''i'"il;J suceerted (see wt^v, T? ' /asr' 'lrd' p l8s^ (Julv

' "i'.iilr--it i'-?";-p rieiditv rist does not sive 3 *li't"-'1"?
i"il.juo" of ,1. rotenr;ai behaviour of rhc larn when rn laurtc

illll.'i"'.ir'llii.., howe'er, the rest has proved valuable.in

.J".i"" f."tti in finished fabrics bv ensuring that varns srrn

liiii". i'r*r';*,a,,, ,"lue are knirted rogether into the same fdbric'

""."" 
rl*'aid.*', supplien can be matched for t rimp rigidity

lalues and used together.

TURTHER READI:'iG

i;T.':?],. ". r8tit cttdb&nB stntt$'d(cbaPr' r-6) nNariomr rhd' Pr6"

lnndon. 1954)., 
^Tl"iiiili'"t 

n,IN l.xtit's B i'h s.nr'^rds Handb@k No rI'P roe'

'lffl] .. . '*"*, 
". 

a Rrduc'd Ransc or Ya'n conn'.' 1' r"t tbt ?6'

,-n'rll,,l..'.',l"ujr-" 
"*". 

.rr.m' (conrdence) ,. n,t. t,t. n,wl \ts+l)
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'liii;i "' " ** t 
" 

a Rds. orstada'.I counts.' i. r.xt. !Nt. u, p4s7

l'*r^NNE, !. .Norc on a Bst for a Ranot<}ng.t J. T.xt.INt.tl.Pt62 ttsal\ _e !' standad counE (Reduccd

^""";r',',fl;;^" Yam counrins sv(;mi Furthd Progres. J. r.,t. tN!. 17-

'iir'i;| * 't*' 
""t""har 

YaE Nueb.rins slstcn'J. .r*1. !tu;. $, p255

"?iiiid;i s 'r€x: univeer Yarn Numboins slste,.'r. r.,t. rk,t. .8,

"jiiri- -'^-' ",r*6ar Yam Numb..i,s sysr.m.' J. 7 dt. tut. 4a. p7 t3
EoRNEr,.c. !. Th. Lsof Ta in pap.B,7 7.,t. !Nt.1]p, p437 l.giA)ANoN..l.an c@ systm,.a rr.i, con-".-io,.,7 r*i. r-..iilpio rrg:e,!., and cH^usEr!^,a. .. 

". 
.mir* or".",*.",ai,liiil

-^vorm.of 
Tddh.yam.,J. rut ui.*,rsSS 1tSs9) 

- ..-. -,,- "p,""!
Ro^BEnrr, {..F., and spsEsryN, r. .craDtr ed Sia. i,r. ro. ConvsioD of
.. 

co-u.B in Old Srtskrc inro Tq..r. r;r. /6r. so, poez lrsrsi- 
- "..",, "..A Dir..r M.rhod for MesunDg ya; Dim.r.r and Buil

;H::#:fl tsililffi ,1,,??f, !i,,3i:';g; li4",r, H: iffi 'f i,;;;:
DE BE?&, c. p..Capacilarire M.tuffiftrar the Couni or r^iool s,ands wnh a,ustd Evon* Tesrq.. rd R.!-J..35,13 \t S)

Taitt d,d f@ Sttu,u.
crEcory, J. 

.Corrod yarn Srtucrure., {pL l- N/Br.l,'I'r (1950) l2cb Yam smcur') , 7#/.

"1Hfi,r;;:,'i:T,"'#i,*Hli,i. lii; ?;Ii ?iiiftltl' od s,hc,h

"1i:ffi'; i; ;?, jl?.'""il,,iTJ,ff :.,fi 
,i.I}.',::tgr.i'a",in"i"r v",,

.coro. y&n Srrucrurc.. 1pi.4. The srrd;h .iT"i"a v"-
fl:1'-t! il$;j"*"'"'" rrcp"ni* ot rr'i co'"t'l";i;;#') ;.;;.'fi;:

c^Ecory, J. .Corion yam Shctuc.,(pr 5. fic R.tadon Be&..n Stlen.fi
I*d'i:i;;-'' - "'t''' r$'s;ar-' r'-n..il aili):';il';il'

sHoRrE_R, t. 
^. 

Thc Et6.nt! of a Unified Thmry ot yarn SEu.!ur... J. r.:t/E r3, T99 (t957)

'iir6" ' R. c. 'rhc G€omeby of Murri-pry r.e..,,. Tat. rtut. ,7,1j+a

''il}-:.'r#,il'fl';'l'r1ll*dr a o' c'""'r' s'ituc'|ure orsinst.yams'

::y:llTt h''..*' i:#il ?.:,.i;,1i1.,9,t&,1li* on,h. s,tuc,ur of a

"ir'rfi,'i;i *'"*'^xIN' c Doubted Yam!i(e$-!-, J. rdt. Iut. $,
"?T.i; I;ihT#ii;;;it'[r' F 'rosional R'rdarion id rd r. ribE!.'

" 

"it"".i;,; 

{;,iiT..,**T}: ;:;};::L:il;; i},.#nucncc 
of rraevft c
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M6rroN. w. D. 'Thc Structurc and ProPqrie of Ydns in ReLtion to Narow

Fabric;.' 7 T.tr'.ltul 4t, P692 (1950)

"J;#llJ.;;':J;;;;;;,1 ; ;. vm conrra(rion Due to rwi3t'r'
T.'t. Itut. 8, Tl59 (1957J

";;.1. 
'fi; ;;*;toro a,a so-c ProP'rtjes or sbpt' vnc*e Yam!''

7. T.'t. Iut. 19, P+72 (1918)
D, md CH^MBERL^|N, ^ 

H Some Fa'toE Atrccting Yarn-"iiliLr." ;' w-ir." r'lure spi*ins.'J. T. I^t Q Ta29 /,1957) . - * .

,;""", ". ". 
and JowErr, B Srudi's in Wooll'" R'ns sPrnmns J ""'

rs,- t2. P997 ( l95l )
,riil;.i ', .."i s.;+ .t rwis, Disribudon iD Iresura' Yens ' 

' 
rar' r'rl'

.r7 Ptm 0956)
"-l'.1"'j"I l :ii. rr-" oI Deni.r' Elongadon. and strcnglh on th' Behaviour
' 

^iiJ'.iJ si.a. v-*. 7. T'r' Ib' {1 P69 (1910) . -

","J';i,:." ir",i;; sdrion rhe co'on svsam: Procesins tuPecB and Yam

..'.'ffii::..'.. ;..'il-;l;"", x f 'rrc p'openres and-us or somo
' 'i;il;i;-i;. c.;.apu Yatu ' 7' 7 

'*/' 't{r' 
{e P4t3 (re58)

!., aod MARDTN_sMtD!rY ^ 
B Som' Prop6ri6 of Wool/

'"i,'i#'s",i. I'i;-.*ra* and cro*' J r4r' 'Isr' 'r' 
rr78 (rs50l

"'11i11""""i".' 
'"''i":r; in-*i .r oi''i;"' or Yarn rwk! and r*irr on thc

- pr.*"i- "iw-- ct"tj,. J T'rt lat 46,T627 ' t9'\\

" "^ili"- -. i. 'ri^;*"-* or iabri$ ro M'et consmer Requir'mdts '7 7'*'
r,(/- 39- Pl87 il9+8)

""'fllii";";,';;,"''. .. a r'r.,r'oa ror Evaruarins the rwist in N\ron

Mono6l.' ?. rar. /6r. {4, TI28 (1957)

";'i:JJ;- ; ,-:;i;;; " ".ia 
vriroa ro' r"'t'adns 'h'rwi't in Nvlon

M.nofil: ?. ral. lzn. 48, T42l (1957)

.;#"i:""i fi- ";;.",, "ii-i.' i' Nvt'" .aonoht' J rat' Itut' 1s'

T223 {19s8)

"'.;1-:J;;;:".,.. and s'ustEy p. H rh' Insu"ni'orrwist on rh' B*krng
^'''i;';J'B;:;il; Exrension or conrinuous Firam'nr Nvron Yarns and

MoDoEl.' 7. r.tl. .161. a3, Pl (1952)

.."i.ili,:;.;:;;,;;; nv M'no';op crap' r6' rMccraw'Hirr' New Yo'k'

^"'l'"11*u-"u-,,n. strucrue orYams' 7 7'*r' 16r' 5l' P87 (1s60)

:i;;:';:.i";:;; ;'; s-^.i*".r v*^' i s a"'d'@* No r r' P ro3

i;.'i.iilli.. *o .''"... w r' An In rumrnt ror rht studv or Ya'n Hairi-

nd,'. ?. i.rr. -Iar' 55,T381 (1964)
,'iTi;l;. ;. ;.:;;;; or'Lhe riairind or corror v'ns' rdt' R6' J' t4'

663 ri964):,&,:tt, 783 (1964)

" "i'i')li"i;i, ^ " 
* :,i v"ir,"i r". 'r'' 

D'krminarion or Hairin* or Yarn'

r,r. Ad 7 3:1, 663 (1963)

"^"?''Jll;1:ii:iii}."* 
ot Yams. A RRi@ ot n' Li6a tc'' r' n'L lut'

57, T46l t 1966)

""liii'if".r, -a r**-'J. r.r, r ''' confqcn(' I$u' (re66)

"T;?#;;;:i: ,ils,t".kh and n'; d Fabria (Inrcei@c' Londot and

Nd Yd!, 1964)
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wR^y, a. 3. 'Rcport on 1966 Confctcde on Butt, Srrslch and Tdturc.' far.,Iar.Id. (July ed Auslsr, t966)
flrroni s., dd iracEy, p. .App@rus for *.. _r(durmcnt 

of C.imD !!.idirv
of Bulted bd Snerch Yaru, J. T^t. rut. St,T43s (tgf[) "

'SlEt.h and Rc!:mry ProFnio of App.rct fabde C.nrai,ins
Nylon 6.6 Falsc TwH GimpcA y?m., J. T.xt. r6t. 57: fi2 t { r966)udRtr, w. J.t ed ,S()ft catE of v.ri,! n iD FaL. TwLt
Bulr.d Yaht.',. fdr. /sr. 52, T2t? (t966)
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FABRIC DIMENSIONS AND PROPERTIES

FADRIC LENCTII

Irow long is a pi€ce of cloth? Thc answer to tiis question is in'
iir-.."J 8y *. L'aitions under which it is measured' During thc

,."rrrrfact,riins and finishing processes cloth is subjected to various

.r*i*. S"-.""t tt*. arc 
-recoverable if t}c fabric is allowed to

.a'f* i, . "p"t "",. 
and is frec from restrainl Rccovery is often

"r*i*-rfr."'*. Au.ic i! immersed in water' a Point which will bc

iaised later when shrinkage is dLcussed'^-U. *.-"t t of "tth 
Aiacrr,iions should be made in a standard

.*,i"o "t-""of,* whencver posihle. sincc humidity may affect

;. ;hi;. i\ table widc enough to accommodae thc oPen

;b,h ;ili is prefeo.d and witl one e dge graduated' A 
- 
trial

mcasuremmt is made on the cloth belore it i! allowed to condlhon'

fti:"r6.t" *.a" o" the selvedgc at 5 yd iatervals throughout the

i'ri "i.". . "", fo.ti." of 5 vds it the cnd is mcasur€d to the nearest

I ;;:-nil ra hr in the testins atmosphere thc cloth is measured

3g"i". ii."i .r,-g" ;n tength'is less than 0 25 per cent of rhe 6rst

r&,.rlt. th.r, th" se.o"<l measuremcnt ig taken as the correct length'

ii-.'f.U." * 
".."over 

rnore than 0 25 prr cent in the first24 hr;

if rhis is so, they are left for a firrther 24 hr and remeasured' 'l'his

fro..du..l, t.p..r.a "ntil 
the change in lengrh is less than 0 25 per

.ent and the final measurement taken'
- --ii i. ".i ,l*rrt 

possible to condhion the full Piece of cloth The

a.1i i, tr,.*fo'l measured without condnioning and a correction

made bv lensth measuremrnts on a sample Wilh the 'loth 
in a

"i-if.t it-"if,*. ,o .torage conditions, four pairs of mark across

.i,. *iaii'"iii,. a*u.re m"ade. each pair at l'easi I vd aPart in the

*-"-ait..i;"t. Th€ distance between each pair is accurately

-.^rred. lhc sample cut oul and conditioned for at least 24 hr in a

.,r'"alta .,^.,"frl.", and the disranc€s measured again 'lf tht
I'r.i."|. tn.*t j .u,ise of more than 0 25 p€r cent' furlher.condi

tioniic time i! allowei. The length of the bulk of th€ cloth ts then

i"i-IJ f"i ,f'" ;ritial length-measurement of the full Piece and

ii" 
"r"."s; "h."g" 

i" the disLnces between the four Pairj ofmark
on the lautPic.

255
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Irnqth rua'ument ;n uat ou:$ and injbe.till1 loanls
The checking of fabric Iengrh as the (torh mcves over an insoec_
tion table, plairing ma.h;ne, or some other ( lorh-handling maairine
has been simplified by the development oI accurate ireasurins
deviees shir h are mounred on the machine irselC One examole is thl
'Trumerer';llurrraled in Fiqure 7.1. Measurement by lccurate
rollers is carried our, as lhe speed ofrhe machine and rhe;eter ma;
provii!e rhe information in the form ofa prinred tjcket in addition ti
rndrcating the Iength on the counr€r.

LB, adb, 4 Tatut. b4
Figw.7.1, T1u , Ttd\.to, ctoth hnstt tuNbks n@hk

TABRIC WIDTIl

The width ofthe fabric, vhen it is removed fJom the loom, may not
be the same uhen it finally r€aches the culromer. The loom srare
fabric-may undergo ordeals by water. heat. pr€ssure, rension. acids,
and alkalis. Some processes cause contraction in width (wet Eeat-
incnts) and some may stretch the cloth (stentering). Textili materials
posses powers of recovery from imposed strains and when allowed
to relax fre€ from tension, contraction may occur.

The choice of cloth width is influenced by a number of factors.
Important amongst thesc is the cnd-use of rhe cloth. For examole.
handterchid cloth may be woven so that either rwo gentlemen's or
thrce ladies'handkerchiefs occupy the yarn space in iie reed ofthe
loom. Again, brdding for singte beds wil be u.oven in narrower
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Iooms rhan those used for \'eaving for double-bed fabrics' Thr

'ili". ,,".ri.r."" t"vs his clorh in uidrhs rvhi'h allos him ro cur

:l:tt.;:;;;;;it' -inimum or"'re when the crorh dcrivered

L"*u"i,ril.J r, *rJth' a maker-up mav demand a discounr from

ii" -""'"' t..n-*t *e polential increase in wasre lt must also be

::;;;;J;;,;;;;pJsed "hange 
in rabric widrh affects not onJv

i;:T;t;;'i;;;r,',+t Both ;e 
-v:l:al:etP#:ll:1.:tl'J:"?and the fini'hing plant have (o accommo

:i; ;;",;i;..'i'.; *"cerns make a close studv ofthe effects ofcloth

*ii,r, "" ,fr. oveiall cosa of manufacture Gee Brunnschwerler' u'
i. fcxt. t'l;t.fi,P574 (1959)) The develoPment ol looms.sucn asrne

".Srlzer enables the manufacrurer to weave several \drolns rn olrc

i.lii "r.,"rili ""iiv, "'i',g "pe'ial 
selvedse devic€s to sPlit up the

cloth into the required widths'

y::#\*l!,::'::'(* B.s. Handbook, p ,6.5) r'.: '1'.'::
mended that rhe fabric should be exposed to a slandarcl almospnere

il. "t i"^, Zq itt U.f*. 6nal measuremens are taken Measurements

Iiil'"s?i...."a x,.'..,a;'l'";"g rvill then show \hether the

}1."s. l, ;a;,-,f.;v' is within rhe"order oraccurari requir ed' on

a Diece ofcloth, ten measuremenrs snourd be made at poinrr dttri-
i'11"i *'.."ri,i, .*a distances throughout uhe full length of the

:[::: ilr,;*"i;:;iir.,,g"t' i. n* *Ju *-pre rensth ornot ress

ii)iii ;;;,r; #*ed a'nd is width measured at three places The

**. 
'.1'iair' "'i ir'. range in widrh should be reported -." 

Th. u..t,r".v of*.asurement is indicated in B S 1930:1953:
--oli 

ir'. to.'tat.ics lB in. or more in didth
; 6ii;. ;il;;;,;;;".dins 4 in but less than 18 in in width'

0 02 in. for fab cs 4 in. or less in 1.-idth'

Points to watch include:
?rl'Tr." p"'ji,ir-y;;;"v selvedses due io werr tension variation or

" -""* .ff*,i luaximum and minimum tidths should be

".corded 
and the wa'ry selvedge reported'

fZl Wrl.*,i. ":la-ir''*irhin 
li'ts' is required rhe I'idth between the

' ' innermost selredge rhreads is measurcd'

(3) d;;; ;;iv samlples are-mea'ured rhe width or rhe uncon-

ditioned bulk is correctecl lrom tne measured changes in widrh of

the samples.

Continww mcanrcntal of uidth
il'T:?[ffi;"j;:,'al'"'il'a ""rv 

a smarl number or width

-.*"r.-""" .*" ofen. An apParatus is described by Jiewertz
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ll:.r:::: !^r 4s, T696 (tq54)) r,hich har been designcd for t[cconrrnuous measuremeni ofthe width of rnning fabrici. It is basedupon a pa of phoro-e)ec rric cells, one at each .ifu.as., *l,iih *;
lne Tges and.detcct changes in width. The sigrals-arc banslared
rnlo aroth wtdt]l and indicated on a metcr or recorded on a chart. Anaccuracy of a 0.3 cm is claimed.

FABRIC THICKNESS

Engineers use calipers and screw micrometers to measurc lhcthrckn€ss ol machine paris bur ihe textile technoloeisr handi;marerrat whrch is readily compressed, therefore the ins-trumens he
xses drner trom those ofthe enginrer. The irinciple ofthe measure_
ment offabric rhickness is expiessed nearty in gjs. zsaa,tssal- 

-

'Es3astiallv, rhe dererminalion of rh. rhicLnes, of a comDrEriht.marerial such as a rexril. fabric coroisrs of rhe prect," *;;;;;;:
distanc. berwecn rwo ptoe pualet pl",* d- ,r,"v *. 

".p,."rJ i"rhe..torh. a known aru;rruy prsuri rerwe",,r" pi.r* u.:l"ipi;.iand mainrainrd. tr is.onrenienr ro nqard one of tr,. pl.,* 
^ rr,l. rii*.if@r and rh. orhe. as the anvit_,

._,:.:__::1,ry,","n,'re consideration ir, iire pracrical applicarion ofrnrs pnncrple:
Sha!. and. size of th' pj.rs,l Jaot. A circutar loot is usualtv used. a(ommon 

.crrzuneter being I in., but this may differ jf desiied. T'heratro ot tie tbor diamerer lo the cloth thickness shorrld be nor iessthan 5: l.
Shar. and riz, oJ th2 anr)it When a circutar anvit is used it shoutd beat l€4st.2 in. grFater in d;amerrr rhan the presser foot. In addition.wnere tne sample rr Iarger than the anvil. ir k conreniert ro "r..orri1ne,anvrr Mrth a suitable suppo(, e.g. a smoorh plane board.
APPtvd pftlsut.. Prelened pressures are recommended and mav h.

sPfcrhed, e.g. 0.1 lb'inr. or I0.0 lb/inr. Suitable,eishts -"J h"
::d:X lolh: tress:l fool to obrain rhese pressures. r, ci.pr* io.irne w.r.K.A. handbool T.lting aad Canhal, ivo spe(ial initrumensare descnbed, one for measuring dorh rhic}n*s \..ith,.eru.-"ji
pressures as tow_ as 5 mg cmr. and a se.ond wtrictr may jroauce
pressures up to 50 lb/in,.

-- 
Vtlo.itt afpt.st.tloot. Tte presser tooi.l"",utd be towered on ro rhe

:i::1. :,.*,y * abour 2/t,000 in,,sec. precision he,. i, difi.,ir;;icourse, bur common sense wi sugqcst a slow and careful m6vem;n;.
, r,".. Th€.rhiclness is read frori the dial of lh. irrt*rn;;; ;;;;the easily visible movemenr of rhe poinrer has sropped.



FABRIC DIMENSIONS AND PROPERfIES 259

tnni.ation oflhi*n.st. Aclock-tyPe dial gauge is usually built into a

,hr:i['.t"iJ1.;."iffi;;ri u.'ailarv "'o'u'id 
in a suitabre rrame

:l';.;i;:.;;;;;;ro. be caplbre or measuring to an accuracv-or

i';;,H,"i;;i#;iilr.ood i". * more' and ro 0 00005 in for

thinner fabrics." 
.1it i.l.,.t" ,.*., i" iltuslrated in Fi$rre 7 2'

lB"'uklt ot Jans H Htd u c' Ltd)

l.ieut 7.2. Heal': thicktus ea4t

+;:;.;";' foot and an\it shoutd Le cleaned rr dra$ins some

i.-'""".r fr.i'"*" Ihem. Afler cledning' the gauge is set to zero

,"a ,""'reo"itea wciehts added to the pre'cr loot corumn \o

.o..ial !pe.i'*en p.epatatio" is r'equired ereeot rhat sel\eclge ano

:[ul.i't;'.;J;i;e a,oided. \\'here posiiLre' rhe material is

il".H"r.i, "",i.J 
atmosphere after conditionine lor 24.hr' Ai

fi:","ril;".;1;;;;"" ,i,."ia u -'a", 'rtt'"r at different praces in

i;:;#;;;;;rF;;;;i ",-pr... 
tr'" ^""" varue is ob'lained and

i.Li"a ,"',r'. ".".*, l/I0,Ooo in' or to I Per cent' whichever is th€

sr;ler, In the lest report, details ofthe pressure' srz€ oI presser rool'

I"a the time should be crven'
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Thc Rqnolds and Brawon thiLn,,' t.!t?t
The thickness of fabric samples can bc measured by rhis rvpe of
instrument under prcssures Irom 5 g cm, upwards. n;nr,. Z.:f".
shows rhdt rhc tabric is resred in a rertirat-plane. Th; -rnDle ii,
pressed bctsecn r\o cir( utar antits Fd, h havi;s a (u,fa.e are; ot I
cm2; one of them is fitted to a lever mounted on a flat spring which
acs as a fricrionle,s bear;ng. The lever has a r..ess in "t';.tr rt,e

lS nr" " 'uspended. Thus. a pressure of 5 g,cm? ic obtained.
Otherpressurescan be readilyobrained by addingiveishrs ro rhe pan.

,Fiew. 7.31a). Ttu Rq,ozt o d Bld@n ckti thi.ku$ bsh,
The instrument is set level and switched on. At rhis point an

indicator lamp glows dimly. Wirhour the 5 g balance pui, on the
lever, the conract behind rhe lever anvil shoutd onlyjusi rouch rhe
knurled adjusting screw. The pan is reptaced and the gauge spindte
advanced by means of rhe laige knuried screw un llh€ injicator
lamp Alo!',! brightly. Thc poinier is now set ro zero by rurning lhe
milled dial ring. With a lampte of fabric between rire an,ili the
gaugc willindicatc the t}ickncss at 5 g/cmr pressure, the readings ol
rhe gauge being either to O.OOI in. o;O.Ol mm.
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T",t;ne the thrkn ss of (anhts\ibb naktial:
I .""i;"f ;*'-nl.", lor measurine rhe Ihi' knF s of feks and oLher

rhi/k ma1e, ials is dss( ril,ed in Lhe B.S Handbook p l TT'

\lanv sheer materials are .ompre'sible for example' carpets'

"'.'n.'."UU.', 
porv,.erhdne fodm ;nd felL' Ihr'Shirlev' rhickness

"1,"i. ri*,,. i sil,r, r,^ been designed to mea5ure' a! Lnown

"'.'ir... ir.ft materials. ln Ihe illusltution the Presser foot has an

L'., .r :O in'?but rhe foor is inrerchangeabJe wirh-another of I

inr. Ir sill be seen rhat on lhe shafl ofthe Presser lool lhere are

aaaed "eights. 
fhese auxiliary $'€ights enable a range of pressures

'"i" ^.a. fr,,f,*. bv loodine thipresser foot in sraqes and (hrn

,-l.,Ji * it in ,tue., ih. indiiated ih;"kness teadings allow 'trrdv
of rhe .oiprnsibilnv and re.ilience of rhe material'

(Bt aeut oI ,^. c^tbr, silL 6d MeN'd' Filn' R"'nt t'nai'n)

Fi|ut. 7 .3lb) Ttu Shnl', thnldi !a/c'

Prin, of Texlile - 18
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Ihe modcl, with t!,e dial graduatcd from 0 to 2 in., has a rangc o
presslrcr from I/1,000 to I lb/int using rhc large p.esse. foot,-ano
from l/100 to l0lb/int using the small foot. E;ctrscate division is
0.005 in. and an estimatc to O.OOI in. can be madc. Atr altcmative
instrummt is for metric mcasurcmcnts. In both typcs the maximua
thickness that can be measured can bc incrcascd_ by balf as much
again, i.e. 3 in. on the inches modcl, by rating thc hrasuring head.

Ar. oJ,fu ft llt ol rthhntrs t2ttt
The inforrDation ohtained may be used in rzrious wayrs:
(l) For checlirg mataials against spccificarion.
(2) In the study ofoGer fabric properties such a9 rhcrmal insularion.

rcsilience, dimensional stability, fabric stiffness, abrasion, erc,
(3) In the study of labric geomctry.

FABRIC 1^iETCIIT PER ('NIt AREA AND PER UNIT LENCTIi

Thc weight ofa fab.ic can bc d€scribcd in two wa,B, either as rhe
'weight pei unit arca' or rhc .weight per unit leneth': thc formcr is
s€-If-explanatory but thc lattd reqltires a little ex-planation because
the weight ofa uoit Icngth of fabric will obviously be afected by its
width, To a layman, a'16 oz 1lr'olsted, does Dot mean very m;ch,
but to a penon deprlhg rcgularly with ilorstcd cloths thc descriotion
is sufrcicnt to indicat€ a certain quality ofrnatcrial. For instance. a
20 oz wonted suiting wodd suggest a clocc wcavc'matcrial which
would rnakc an cxcellent winter suit, uhcr€as a 16 oz worsted is a
lighter matcria,l for ihe \^,armer rreathcr. In fabric d6c.iptions, the
w€i8hl pe" unit lcngth i! usually referred to a! the ,wcight per run-
ning yard'. It is neccssary, thcrcforc, to Lnow thc agrced siandard
wrdth upon which tbc wcight pcr running yard is based, c.g. 56 in.
for worsted. : )
W.;ght pet n;, oca
The mcthod of obtaining rhis valuc tu implicit iB the titlc; one has
m€rely to weigh a LDo.vrn area and dividc the weight by the area,
Tle-actual determination i. not so straighiforward since sampting,
markrng out, cutting, accuracy of wcighiag, and moijture content
must all bc coruidered. Arca mcasurcsrcnt and autting.hould be to
an accuracy of I pct ccnt and for an area lcs! thaa lm in, a curtins
dic or templatc is rccommcndcd. Wcighing should bc accuratc to i
part in 500. Thc cfrccE of moilturc contcnt can bc accounted for
either by conditioning drc lpccimcn in rbc flandard atrnosphcrc or by
uking thc speimcn to ovcn dry wcight and adding thc "d.i.l .egai;.
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some ouadrant balanccs havc one scale graduated in ounc's Pcr
souare v;d. A t€rnplatc i! usd to cut th€ lamplc snd thc-squarc-ol

i"'UJri'..ral .'i tr,e hoot of thc balancc' For quick checls thit
mcrhod is useful and for particular purposca may be consrdcrcd

srifrcientlyaccurate.,

W.iphl b., ,,lit t,rsth
i""-i..Jt r. tf,..i"i"" to watch arc similar to those mcntioncd

.tor.. fhi *ini-"- lcngth rocasurcd rould be l8 in'--ilt. li. i+ii , rgs+ covL in dctail thc va'ious Proccdur€s for thc

deterEhation of both fabric wcight pcr uDrt arca and unrt lenglh

(scc B.S. Handbool, P. t67).

C6 v/rJrion of ualutt
p.""ial ,ir"i it i. 

""uqrcd 
that thc cFcct of relvcdgc cofftruction

i! nctligible, wcight Fr uDit ar.a crn bc rqadily convertcd to weiSht

p€r unit length, and vicc vcrsa.

i,ct I4z : wcight per rquarc Yard,
.R - weight Per rururing Yand, and

", : fabric width in inchcs.
36-R Wu

then. W:- aadR:-
36

.,t .. .., i:

! TfnEADs PEl.InqE It 1Lov!it FABRTG

t't woven fabric thc waro varu re cmloonly rcfcrr€d to a! 'crdt'
and the number of'v.trp-ili.c.ds i'e' inch *idrh 9f glolh-61at!d-T 10
i""" 1""J" ,* ;r"r.;. h. tlo".ai or*"n ttt calcd 'PicLs" A fabric

may therefoie be descri6cdin t rdo. jf 'ea&atdf*:;:::TTS:

-i*u "" -*" *mcL arc romcduct <n'irloolcd'

irl'or*;",fr -;g"g gLsti{ ibirl Eicrolccrt '

:?tlji.#i#Jji;;ti't h i++ -a' pi' in"t' 
'na 

ro pi*'
;;il.'Ti; *.'g; v"rn 

'oould b. s'doubled varn, sav 2/100s' a{d

ixrhape the weft, 
-too, 

may bc 2/l0or A drcrt d6criptrcn ol urs
il"iiri-"Ja u iq+ x n,4tw; 2/100, ald to a Pcrson convci-

I"'ii *iU -ol;n. a qood q;ality woutd bc indicated' Thc dcGi-

;;;;;"i d;;,,-fo o{rircadr per inph nav be made in sev'drl

waw. 6vc of which erp siv@ I+ tlc Tc*tilc IDstitutc 'r'mtatvc
"iJnJi." r'i.' #. isrislrlor'o'tt'od"tu lc found h thc B'S'

fifrii#rlto -r'r.i,ii"JrJtto.u nfcr for daails of-procedury'\

rfr.-A* -.,ft * arc listcd hcrc rnd thcy brE fotlowcd by a ltt*

.R,5.2ffj21!g57, Tlwa* Ft tnd h WM F"ri' DS H^ndb@t No ll' p 222'
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(2) Traversing thread countcr-a travelling microscope 6lted \''ilh
' 

a ooinrer to aid counting
,., ;#;';#.;;; ; kno'n,n *;drl, i' ,n'aielred and the threads
t"' l"*t.i"" '."i,r mcrhod *here rhe thread< aIe difficult to

;"Jr;;iJ. * i" i.j,'a rhrcad' or r^'here rhe structure is

comolex. e.s. Plied fabric''
i+r i,-^ii.i il.Jelt;,es. a rapid optical melhod'

ii j ilp". ir,. s.";;;;. d.': I' 4:1 -ojdy -4hi:: #:U J;i';tTh. I in. countinq alass is not recommr

.r,.1'ji.'*. *Ji" ri"",r.u" is. t n "'t' 'u"' u s in sample could be

',"*r'.fila ""a 
the rhreads count'd'

"'A ;;;;;i;;;r"i; irruminared rrom bero* rorms a u'erur surrace

"-*i1;il;.-;l;tii ..' be laid shen 'o,ntinq rhr€ads $ ith a couni-

ine elas."i 

"il."-.;n.* 
.".renient to count rhe numbrr of repea* ot the

*i..* i".,."J.1tr,r. lndi';duat threads The threads per inch are

if"l',,i,",".i t,--,r,;olvine the number olrlrreads per repeat bv

;;;;;;;;;;;;"..,', iaa;.ig on unv rra' r ion or a repeat bv count-

;"; il;';";;;;;;;;"J' r"i;'ia,"itv ni' 'erhod 
i< u'erur shen

thi number of thieads per inch is high'
"il.';;;;; 

";;;;i ser'edses siourd be aroid'd Lecau'e the

.p,i.i"g'"itt. ,il'..a. i" oft'n i titrt' aim"rrr than in rhe bodv ot

the (lo{h."'i 
" 

''n" **;O*,;". il will be noted that sPecimens sholld becon-

di.i;..d f;t at leait 24 hr before tesr;ng Th;s musl ol 
'ourse 

De

stated in a srandard, but ;n Pracl;'e lhe infor marron rs olren $'anreo

!,ilr.ly ".a 
this refinem€nt is di:pensed I ith'

CRIMP OF YARN IN TABRIC

l,.t Tlc Lttlc OxJpri d+l;th Dktbnary the f:;st definition of crimp is:

il",, ';;;;, r.',l';;,iup. 'nin 
ru' "'u*'" or sordi"rs' A second

l#i,itr""j'' p*i."p' iio"i' to it" re*r;t' m'unit\s: !erb' toPtessinro

small folds, corrugate"'"ui;;;;; .;E ;.fr varns interlace in fabric thev follow a $?\v

or corrueati parh. Crimp perrentage is a measur€ ol th's \\a\rnrss

r";;;.#l;;i! p.p.. on'.ioth g'o'"'trv Pen(e (1' T?'<t'.tn 2a'

i'oi7i,i:irr ,ruiei tlut 'c,l-p, geometricallv considered' is the

;.?.:X:'l-:::';,;;;,i;iii.1;" axis ouer rhe cro'lh rerigrh '

ii;';;?;.ii;;. i" *'.asurc the lengrh of rhe vam axis as it ries

i; '#ffi;:'ii;;;r.;. a dennition is usid shich r'ears a crose re-

i:U;';;;,;,h.';;;i.ds used in crimp dcte'mination'
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. Cnzrp @.S, HanrlberL, p. 230), ,perccntagc crimp is defincd as
tne Ecan drflercncr betwecn thc straightcDcd thread lengrh and thc
distancc betwecn rhc ends ofthc tbr€ad while in the clotl-, o(prcssed
as a perccntagc.'

A te!'m uscd in thc litcrature of cloth gcomctry is,crimo amoli-
tude'and lhis rdcrs to the extent to which tlreads arc iefleciea
fro-m rhc ccntral planc ofthe ctoth (sec pouitt, 

J , 7. f^t. t*t- iil-,iii
0949)), Figurc 7.5 iIu!tratcs thc geomet,icit i"r.rp..t tio" Lf
ctuDp and crihp amplitudc, using thc assumption that tic vams are
crrcular in crqrs-section and rernain so whcn in the ctoth

I -DCiqpaaua.--x166
p

wF#;,-B# : t ) mf,.*r.**,f,i.t",i:Lo"o
FtgD. 75- OW ,a@to

C.i'np dnd ldbri propcrtizs
Warp and weR crimp perccntagej are two of the elcven structural
eleaants in fabric construction discusscd by pctce. Thc relation_
$.p. P"** thc g€ooetry of a clorh Etmcturc and its physical
bchaviour in r.r.se are complex and alrhougb rquch pioocer Jo/t hrs
ocsr done tlrerc are nrany unrcsolved probld.ns still to be inverti_
gatcd. T'hc notB which follow arc includcd to givc thc rcader a few
examplc! of the imponancc of crimp.

Rrbtafu. to abtutkn.In a paper by Backer and Tanenhaus (Zr.rr.
R:. J. 21, p. 

-635 
( l95l )) it is pointed out that the yams witti high

crimp raLc $c bmtrt of abrasivc action. This is Lecausc c.o*"n"
formcd ar thc yarn ben& round a Earuvcrsc thread wilt orotm&
from thc fabric curfacc and meet thc destructivc abrasiJc ,.o.or
6nt. The other rct ofyarr Iyins in the centrc.f ,f," iJa" *iffa"i" -play their part -in rcsisting abrasion when tbe highly crimpj
threads arc flcarly wom rhrough.
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Sl'ft*arr- Thc mcchanism ofthc sllrinlagc ofcotton fabrica when

rvashed isLplainetl by Collirs (J. Te*r. .trr. 30, P46 (1939)) When

rhe varns ari wet thci swell, ana consequcndy a thread, say a warP

rhread. has a longcr bending path o rate round a swollen welt

,irr..a. fft. *.tpit t.ad muil iithcr increase in length or, altcrna-

iirJ. tfr. ,.f, thrcads must move closcr together' An increzrc in

,n arp ie"sth .equites lhe aPPlication of teffion and therelbre when

*f,.li""'"io" i"'.U..", as, fo'r example, when the fabric is in a wash-

i;;;;;htr.. cquilibrium conditions will be attained bv thc weft

till.* ,"""i"i closer logcthcr. Crllins states that 'the larS€st

"mo""t "f 
shti"'L.agc is thai rcPrescnted by incrcase of crimp ; yarn

shriJ*ase t-akcs a second place, being gencraly In'S--l= 1!tn
increasJ in crimp, while 6bre shrinlage is alrnost neglrgrblc" (s€€

Fisure 7.41.)- "Si"* 
"ft 

i'"f."c" i" mair y due to yarn swclJing and thc resulting

*l*" i*"reat , i"*tt"rici means oi controlled prt-shrinking havc

t*,i developed. c,s. thc sanforizing and Rigmel Process€s (scc

llu"lr,l fl nnaaion to T.xth Finnhin9, chaPtcr 9)' -^-.
Fabi btha our dfiing taLr;h tttting. lvhen a lest strip ot labnc I!

"o*al 
i" one dirJctioa crimP- is rcmoved and the thrcads

"toinf,i.. 
out. mi" *uses thc thr;ads at right angles to thc-loading

aire.'tion to be crimped fufth€f,.'C.rimP intrrchangc'rs said to taxe

"i"".. 
il. .oa-..i f*es it! original rcctangular shape-and 'waist-

ir"; "*"*, 
iL.. tfr. *iddle regioi of thc strip contractr' Ifthe testing

michine is autographic the load-cxtcnsion curvc will show relauvery

[[r, *,*"i., i. ir"it increasc in load in ihc carly stages ofthc t€st'

-Ii oc *ttl.t'*lu b€ due to ttrc rcmoval o[ crimP' Fisure B'48

illustrat€s this Point."'i,"ir' 
;o nui, v"*tion in crimp can give risc to faults in fabrics'

e.e. reduciion in strengdl. 'brighr'pick's and diamond barring in

.rt*, .t ipo i" yarntyqd cloth!, ind so on' The causc of crimp

"-l;.,iirn 
i"of,* io.t "f;ontrol 

over thc tensions cmployed during

varn ortoaration and weaving.
'-i'{i'aiirr. Control of Jmp pcrcentagc is n'cessary when a

f.U" i" a--igt"a ro givc a desiied degree of o(tensibility Again'

.o-i f"U;o-t.q";." ;ontrol of crimp in the finishing Pnocess$ to

il;;;;;J;;, buto,,"" b.t Lo u""'p and wcft so that tle
i"i 'r"a .or..t."""'i! satisfactor," Thc tcnsions applicd must

theiclcre bc carefullv conuolled.
"' iii "it^i. sii. ,rimP is rclated to ten$h it fouow!- that th!
amount of yarn requirai tQ producc a Siven lengtlr ol 'roth rs

affcctei by ibc crirDP Perccntag6s of warP and wclt' llnowlcogc ol



\alues is useful in calculating lhe cost and rhe yarn requiremenls.
_From rhe no(es alrove ir w;tt be apprec;ared thar the miasuremcnt

ol cnmp can be of service in fabric analysis. tabric research and
design, process control, and in the economics of fabric production.

Tlv n auralunt of dnl per.?ntar.
From-the definirion of crimp two values must be known, rhe
cloth len$h from which ihe'yarn is removcd and the srraishrened
Iength olthe lhread. In order ro stra;ghlen lhe thread, rensiin musr
be dpplied. just sufficienr ro remoue all rhe kinks wirhour srrerching
the yarn. In pracrice, it is seldom possible to remove all the trimi
before the yarn iself begiru to srrirch. The srandardised tension's
rec-ommended in rhe B.S. Handbook p. 234, are given in Table 7. t.

One quick non-srandard check on crimp.an be made \4hen the
only instrumenF to hand are a pair ofscissors and a rule. Two cuts
are made in the clorh sample and the distance berween lhem noGd.
Threads are removed and ptaced over lhe rute, one end hetd bv a
forennger and lhe thread smoothed along with rhe other fore6njer,
and the straightened len$h observed. The lhread tensth will be ;lv
a few inches and rhe accuracy of rhe meihod is nor;reat.
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1^'oollcn and ltoEred

onrinuoulnlam.nt

60 ro 300 r.x

0.20 tq+ 4
020rq+ 4
0.07 td+12
Td12

Where a higher degree of accurary is necessary spe.iat crimD
testers are used. Five groups ofthreads are setccred for rest. tu,o *.arp
way and 

-three ueft way groups. The mean crimp p.j""ntug. i"
calculated warp way and ueft way. Reoangular srripiare ca.e"futty
marked on rhe clorh and each srrip cut inlo rhe form ofa flap as
in Figxre:.6-From each strip ten th;eads \^ill be removed. Remivat
ofrhreads is as follors: rhe cintrat part ofrhe 6rst thrfad is separ.ared
from the flap fringe by means of-a dissecting needle, but ihe two
extlcme ends are Ieft sebured, Oiie end is thcn rcmoved and placed
in thc grip ofthe tester, aid thc othcr end is removed and plaiied in
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the second gnp. In rhis way thc thread is uansferred fiom the cloth

;;i;;;;; i*"' without los of t\vist and with a m;nimum of

handling.

FiI@ 7 6. P''!d4!id oJ 'palm Id d"'A u'tins

Scvera.l crirnp testers are available, three of which were designed

,"i- i*a.".i bv British research associations' B'C'IR'A'
iv".-l-r.e..- 

"i'J 
r.(.n.A. The shirlev and w'I R A- models are

;;i;-,I;f* 
"oun 

vams, whcreas thc B'R'R A' model has been

ilt"n;;;;;GJ J;nd for greater accuracv when very small

i'fitir"* l" -i*p in continuois-filamcnt fabrie must bc mea-

;;;. 
- 

;itr**"- 'rt i.h i,' .p"tt varns \^/ould make negligible

:1ir;tl;';il"[",h app.ar'o.,ce,'b"t with ravons mav bc the

cause of a fabric dcfecl suih as warp stripiness'

Thz W.I.R.A. din\ rukt Test lenghs up to 16 in can be handled

in this instrument. In Figurc 7.7, G, is a griP on the v€rtical arm ol

rhc oivoted beam B. When the beam is horizonlal rt Just toucnes a

;;;.;;;i;;;;uiu r t;gt t 
"p. 

o" tt'' rong arm orthe beam

; "i;i;;;.1*ht 
w ""- be set-bv means of a scale marked on the

;;;;;;;;"*-.nded tension in srams' The o*'er sriP Gi.i!
iarried on a plate which is in turn mounted on a screwed rod in the

"i.-if' e. ffi." C. is at itq extreme Position to thc ldt a Pointer is

"i:,.# 
." ii" ".a"" 

s. Bv rurnins-thc handwheel H' C' has a

maximum'movement to thc right of 5 in'"T;;i";i;i th.;rcmblvi is set to a scale K on the basc of th6

.*;;;;;1..;ii;;;i o tlie 
"trip 

lengh, thc Pointer orsriP Gt

;".#;;;;. il;;.t*ht w is set io thjrcquired tcnsion ono errd

ofth"e rlread is then climpcd in grip G, with it! extreme trP rn une

i,jr,i, .i"i,-i'"1 -..rJ'tn theiranspirent uppcr face ofthc grip'

The other end is thcn clamped in grip Gl in a si ilar m'nner' Ai tnrs
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stage rhe thread lrill usuall) sag arrd rhe beam \vi,t be gtrcd. T[e
handnheel H is turncd, qrip G. moves to tL€ r;8ht, ,he rhread
straightens up, and eventuall,v the beam touches the aontact.4s soon
as the bulb lights, the movement ol Gu is noted. This value is the
increase in length due to the crirnp removal. The results ftom the
t$'enty \ arp way rhreads and the thirty weft way thr€ads arc
recorded and the mean \\'arp and $ eft crimp percentages calculated.

. \tr$d,ro, t.t.R_a.)
Fisw.7.7. Th2 W-I-R-A. d;np t sb

Th, M a7r.a oin! ks r . Th;s descriprion of lhc crimD tester desisned
by A.R.R.A. is based on the malei's leaflet (Louis'Newmark itd).

The l{anra crimp rester uas specially designed to facilitar t(e
measuremen! of very small differences in thc crimp of yarns laken
li.om continuous-filamenl fabrics. By means of this instrumenr,
delermination ot crimp can be made wi$in an accuracy of Iess than
0'l pq cent. The instrumGnt is mounted on a rigid casting and is
precision-built to eliminatc errors due to Ubration, backlish, ctc.
A piroted grip A, Figure 7.8, is tensiooed by a spiral spr.ing, thi ten-
sion indicates thc r-nsion necBsary to bring the arm to its zero
position. The grip C rs-mounled on a carriage carried by rail D
in such a lray that it €arl be set at a.ny one of a number'of dxcd
distances from grip A. The upper fac€ of each grip is of lransparcnt
plallic on which is engraved a 6ne linc so thar the en&;f rhc
lcngrh ofyarn under test can be accuratety Iocatcd in lhe grips. The
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rail D carrying the BriP C can be movcd horizontally through a

il"Lr". "iiii- 
uv *lans of the micrometer E $hich is sraduated

0.01 mm." iri"Ti"."'".,.' it ret to zero and the grip c is set at a convenient

*"1;iI.;;;-n. K..b B is set to give the ipproriate tension for rhe

ililT# i:i;: ; ffi iJ'"-E"a r'""i'"'*ip or rabric I hose

illlf,.-ir'.-*-. as the s€lected disran(e belween r-he grips' care

i:iil';il;;;;; i." .i,*i.,. rhe rhread is inserted into the

'fl;:;;;;;,;;;& coincide with the datum lines The distance

illiilli.i in.-'*i* r. ircreased bv rurning the micrometer until.lhe

;TX';"H'*''io;.;" p*i'i",,,';ai"'Ia bv the extinction or an

i,iiJi.. i-r,i rr.. rrcJease in tle lengh of the thread due to lbe

;#;:T.i"",;;';; t,"ii"-,tJ ji"'ttv 
""', 't'' 

*icrometer scare'

h) \Rt awk't ot *LD,tt Iid)

fisw, 7.8. Ttu l{ontu ctinq t',t't

oth- n.thods.'fhe rcader is referred rc Carncr' Tcttile Labonlat

g;#',i j"*i**i' 
"'ltl,l,";';;":'*';:ir".ll 

:li$'':',il'illH
:1"J"::;;;i;;l;**i.,i'i''i'"-' or're cri':nped rhread'
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TEX?ILE SARUCTI]RE

In thc ea.lier seciion\ ot this .haprer labric dimensions hare Lcen
drscussed. ind^ividually. more ur les in isotarion. Hosever, a few
moments' reflection u.ilt ieveal that a fabric k a structure charac_
terls€d by the interdependence ofmost of its di-.n"i.rul 

"ut;;"..i;any discussion on labric structure ""a fuU.i" g.o-.t.y, p"i...;.
.lassi.al paper. The ceometry of Ctoth Strutture'in 7. 7. t,,t
March 1937, will be rrferred ro. Ui. pup., r,a, fo.-.ai trs;, uoo,
whr.h a number ol-other workers have developed rhe subiecr. An
excellent summary and comment 

"^ 
.t.,h d;."y i";;;';;

Polllrr (J. Tcxr. tnn.40. p| (r94q,). The,".,., 
".r,i.t rJrr.* ,.1

larqely der;ved from Peirce and potiilr's \1ork. lt ;s nor intended io
dealrrith r loth srrueture as a subje.t in irsetfLur to illusrrate hor^ rherdbrrc dimensions are inrer-rclated. more parricularty in ptain

rarn co nt, dianete\ and tuth co"er.
The larn diamerer of a couon )arn count -\. has been shosn ro
be

I
, d: .

28\'/nf
rrhere d is the diamerer in incha

o O,a)
+d+

F-.- - j

Fiew.7.9. CoMJ@tor

Figure 7.9 rcpresents the cross-sections ofthreads in a fabric. Ifthe
number ofrhreads pcr inch is r, then lhe distan.., r, fro- on. rt r.ui
lo rh€ nexr rr ill be 1,,lr in. The rario 4r u.ill rherefore represenr rhe
lracoon ol rhe spacing, s. covered by rhe projecrion from a rhread.l nrs lractron may be expressed in rerms ofyarn count and ends per

t&f,', 
. ,. 'o ,.", Rcadios covd Phoromer...' J. r.,'. rut. 53, r22
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Thur, dl

r 28y'"v I 28y''v

For convenience, this last formula is muliiplied by 28 to give a vaiue

knosn ac the ror..Jallor. HenLe'

ThI eads Per in'h
Cover lactor .L' :

y'(counts)

If all rhe rhreads jrAr tou'hcd rhe' o\ er fa'ror would be 28 IIou'

^. :: 
-:':"" .;;; ;",,,een rhe rhreads mus( be left io allow the

i,IJ...;;*,;i;;' ;; i.i;'r^... . "' "' rac'or or 28 i:'lheoreLicarrv

imnosible. This Iheorv assume\, noNeler' rhar the thread\ remain

iiii,i.. i. .-" ';;'.;. but a-s tlrread' can' in practice be com-

^...."4 ,n.l .listortcd. corer laclors e!en in excess of 28 can be

J:;i;d:;"ts,*-?:i0 shous a "q,are Prain $eave structure ;e a

;,;;,;;'.i;h *arp and werr r ourr' 
-equ' 

r' and ends and picls per

il;;;;rl. i. rhii simple "ase the fraction drn l/!23' gning a

maximirm cover factor of 16 2 for both uarp ano $ert

Fisut' 7 10' Squot' l'ldin cloth ntu'tu/'

Cover factors arc calculaled for uarp-and *eft' therefore pairs of

",i*.r" i. 
"r"..a 

in descriptions offabric in much the same \\av

;:'#;;;,";;;;;;i* "rir'"'a' Per in(h rhe chiervarue or

::'";';;;;;--;J; r'r''i' "on';n"ia'* 
to esrabrish ramilarirv

i""rii'i;ri.'.,i 'li".i .nd pair s or valu-es.as represenred.bv ditrerent

q:.:i:i:il i':",f '"'.':l"x';'"-, ;'3,-"Hiln::.,':';j

*r #."i#ii:l.t*l':j;xtl;': l r i""'Hxl u'*'s;
i"i..i.1...-* "ir- .nd drapes less easilv'



-.Cover factors d,o not necessarily indicale texrile mcrit bccause
clrtleren^ces in countr tivisl facror, fibre, etc., all play lheir part.

The fraction oflhe area covered by both ser ofthieads ii liven l_ry

Kt+ K2 16,

2a (2 aI*
*rhere If, : y,,21p so\ro factor, and

I': : weft cover factor,
Again, multipiying by 28 for converience, we obtain t\e clorh cover
Kc.

PRINCIPLES OF TEXTTLE TESTING

Hence, Cloth cover lt'c : f, + K.
K,Kz

28

Ahho'rgh this last value is logicaly desirable, pairs ofvalues seem 10
be more useful in practice. It is wonh noting, too, that rhe actual
'cover'ofa clorh ir usually better than the c"t""lai"a 

"atrc woutJ
indicate. This is because threads flattm and sprcad, an effcct
accentuated by calendering. A paper bv Kerr,p (J. T.rt. In t.,ct,
T4a (1958)) extends th. p;L"ipt'." lf.toit geom€try to non-circutar
t]lreads and sugg€sts a'race track' cros.-section (sec Figure 7.1I ).

Fisu. Z.t I . Tte \@ b;;k, ttusaction

Cot,t fadyt a d eloth ueight ,er un;t arca
An approxi-mate rclationship b€tween the sum of the warp and
I{eft cover factofi a.nd the cloth w€ight per unit.area is

r\+ K2: t*\/IW(,tL + nrjl
where ,t/ : cloth rveight per squarc yard in ounces,

nr : number of warp ends per inch, and
a, : number ofpiclr per inch.

An Etimale ofthe closen;ss of thc weave can bc madc whcn onth
thc cloth setting and the weight per unit area are knowL
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Crirnb, eunt, ond doth sctling
TLe above fabric dimensions are related by the following formula:

,/,,"1 1,,% 1t I \
\ v.v, v.\;I

where c1o/q : \a'arp crimp percei,tage
6:% : weft crimP Percentage
,r : warp setting
,! : weft setting
.I[, - warp count (cotion counts)
Jf, - weft count (cottoll counts)
, : factor to accommodate yam flattening

The lormula is not absolutely true but the loss in accuracy is not
great arld is comPensat€d by the relative simplici'y ofth€ equation'

Clinb. dinb anblitutu. (loth s in!' dnd rloth thilkn'.ss

c.;rir" ,.ofit,ia. has been deGned earlier as the extent ro $hi(h
rlr."l. uri deflected from tlre central plane of the fabric This is
shown diagrammatically in Figlre 7.5 $here /l' and I, arc lhe sarp
and rl,cft ciimp amplitudes The values, in thousandths of an inch;

are given by

Since yarn diameter as a fraction of an inch isequal to I/(28y'.\),
ih..tiameter in rhousand(hs ofan inch rrill b€ l0007(28y'.\) or

36/y'Jf. Taking thc flattening into account, the .r'arn thickness now

becomes 36r/r/",V.
Clollr thi;k;ess, ,, will lhus be lhe higher ofihe lwo lalues \\'hi'h

follow:
36e 36c

t.: h1+ 
-- 

or

136\/eroA 136\/cro/o
dnd h2 -- 

-

h,*-

. Contludino nok on fabi. diruntioE atd rloth gtorutrt
Thc exairplcs givcn abovc servc m.r€ly as an inroduction to a

."-"t.* *tieci Funhermore, onlv a simplc plarn ueavc has bccn

""".ia*.a. blcarlv. wca'cs other than plain must bc studicd and

, also other tvpcs ofstructures found in warp and $'rft knittcd fabrics'

Thc readci is referred ro such papcn ar those by Doylc, Grosbcrg'
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Munde., Hamilton and others (see Further Reading), As Pollirr
points out, the value of the study of cloth gcometry 'will onty be
appreciated by those who make use of it to rarionalise their expcri-
ence, and at 6rst the going nray seem heavy and rhe rcturn small,.

AIR PLRMLABILITY

Due to the manner in r'hich yarns and fabrics are constructed, a
large proportion ofthe total volume occupied by a fabr.ic is, in fact,
airspace. The distribution of this airspac€ influences a number of
important fabric properties such as warmth and protection against
rlind and rain in clothing, and efficiency of filtration in industrial
cloths. A common example ofthe latter is found u,hen the domestic
vacuum cleaner bag is considered;the talric must'allow air to pass
thiough but at the same time prevent the pa5sage ofdust and dirt.
The theory of air flow through differert ass€mblies ofmaterials lies
outside the scope of this volume and will not.be discussed.

Before describing an instrument, used in the measurement of the
air 6ow through labrics it is necessaty to define the terms used.

Ai p.m.ab;liU. The air permeability of a fabric is the volume of
air measured in eubic centimetres passed per second through I cmr
ofthe fabric at a pressure of I cm ofwater.

Air rcsirtart, The air resistance ofa fabric is the time in seconds lor
I cms ofair to passthrough I cm, ofthe fabric u4der a pressure head
of t cm of water.

A ponsitt. (l) Tlr,i\ term is usei in some papem on fabric proper-
ties and has thc same meaning as air permeability. (2) An alrerna-

'tive de6nition of porosity is given bv Skinkle h Textite Ttstine. The
porosity ofa fabric is the ratio ofairspace to the total volume ofthe
fabric expressed as a percentage. This is a calculated value based on
an estimation of the volume of the component fibres and the
estimation olthe volume ofthe labric from measu.ement ofleng(h,
$,idth, and thickness.

From the definitions above it ilill be realised that air resistance is
tlre reciprocal of air permeab;lity. The advantage in using air
resistance values in preference to air permeability values lies in
the fsct that h,hen a npmber of fabrics are superimposed to form
a multiJayer as€mbly, the total air resistance is qcrety the sqm
of the individual nalues. Porosity as defrned by Skinkle is, of
course, a.static property, i.e, air flow is not directly involved and
although ther€ $ill be soirte relationship bet$een pprosity and air
flow it \{iu not necessarily be simple. Skinkle points out thar the
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rwnF df finish sivcn to a fabric can have a corsiderable effect on thc

;.";;;;iii; :; rh"ugh the porositv mav rqnain the same'

y:,:#'"{,::im:Ili'ilu," u..n d€sisned to mrasure the air

r#ti*li"'l:*X:"+;:ul**x.t*5Tiff r,f"'fr,::
has been selected for description here'

Figq.7.l2. Ttu'Sh q' dn pncabilit| appl4ac

^.T',"*fli'J,'Inl';T#ST-l11ixi;i3;ff 
ii:"i;,.1i:1

".J.i;,ii ;;';;;-'i o ""ro" p"'p A ihe ratc of flow bcins

:H#iil;;';;;;rthe bv'pass'varvi B'and the scries valve c'
ilJ;;ii;;;dj,"ted rinil tbe rcquired pressure drop across

;: f"b;; il;;in a draught gaugi D' graduared from 0 to 2s'

Il'il"i iil,i""- r"r fabrics oi hilh resista;ce, the ratcofflowof

;iXil;;sil ;;;;;.n'ii'i"'a'q'i"t" ro" p'1i: 
;ffi *"L"J"";

suction pump; rhir is overcome oy opt

' ""i.3: #sl*iil:: I l: i: #.{.{:?,i;ffiW,fr pt si"'tF 
"k''

P n, ot Textile -19
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$hich supplies air ro the pump direcrly. For fabrics oflow resistance
when high rales offlow are atl2ined, valv€ B is closed or permitted to
supply only a-small volurne of air; 6ne control is ol_-ta'ined by ad-
justing valve C. E is a reservoir which smooths out any disrur;ance
due to the varying velocities of the streams of air drau,n through the
various paths by the pump.

When the.reqxired pressure drop, which is normally I cm of
\4'ater, is a ained and the indicator of rhe draueht eausi t steadv-
the rate of flow of air is read off one of rhe f;r.-R.i^-.r.,. d'
selecred accord;ng to rhe permeabiliry of lhe test specimen. The
Rotamelers are calibrated, a[ 20" C and 760 mm oi mercury. to
indicate air flow in cubic centimetr€s p., 

"..""a u,ra *,.y JJ.,,..
t" ^tlbyhg 

ranses: Rl o.os o.s, R2 0.5-3.s, R3 3_35, ;d R4
. 30 350. It is easy to selecr the most suitable Rot *et". fo. ",,fabric. The test is commenced w.ith R4 open and the other Rora'-

meters closed. Ifthe flow is Iess than S0 cms,kec, R3 is opened and
R4 cfosed. This procedure is repeared unril ihe Ino.t rr;toble,unpe
ior the Iabric under tesr has been setected. To prcvenr damaee ro r;e
draught gauge, should the pressure drop across the fabr"ic inad-
lertently.be allowFd lo exceed the range ol rhe gauge. a safery valveI rs provrded.

The test area is 5.07 cmr, since a I in. diamerer cirr Ie is exooser{
when the specimen is ctamped in the holder. From rhe ,eaairr* ".the Rotameler either rhe air permcab;liry o. rhe resi.ronce ca'n be
computed.The average rate offlow from 6ve specimFns is cat(ulared
and by dividing by 5.07 we obtain the air pe.meability ofthe fabric
in cubic cent;merres per second at I cm head ofwarer. Alrernari\ etv
5.07 may be divided by rhe mean flow; this gives rt e a;. ,e.isranli
of the fabric in seconds per cubic cenrimetre per square .enrimerre
under a pr€ssure of I cm ofwater.

An ?mkanihry andJabtu propotits
A concise summary oI rhe reults of experimental work carriFd out
by a.rturnber of rescarch workers is given by Kaswell in his booL
Tarilc Fibrcs, Iaru, and Far'r.r, ro whi;h the r;ader h referred. H;w_
cver,jt is useful to look al just one aspect oflhe relationships r(.hiclr
exist between air perme.ability and other Iabric prope ies.

Pnn obilit, and doth rcaer. One uould expect tiat'there shoutd be
so-mc relation bet1veen the openners of thi !\/.uue ard rhe ,ure ut
which air flows rhrough it, rhi more open the srructure ihe gre;t;;
rhc air permeability, This is bornc ouiin practice but the re]ation-
ship is not always a simplc onc- For cxample, using given yarns tltc
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ends and picks P€r inch may be varied and the air Perm€ability
i.""a i" riu.* ,il" 

".riation 
in cloth cover morc or less as fxPected'

iowever. it is poxible to arrange a serie< of fabrics built from yarns

"iJiri.*it -,.u *;,r' the yarrispacings adjusted to s;ve each.fabric

rh€ same cover'and to 6nd large ditreren'es in lherr arr

permeabilites.

Tabb 7.2. Ttu r,fca oJCtok CoM on Ait P'tudbilit)

End" Der in(h: t43. Warp.over lacror: 21 6'

Piclc;cr in.hr vdicd. w"tt @v'r facrorrvdi'd'

T.bt 7.3. Th, EtuI of w.fi

't{arp @Et: 43s.

Tuitt Fdctor on ,4;t Pdildlililt

f,.ds pd inch: I43.
Picls Per inch: 75

( P

8,290
5,570
2,880
t,070

s62
244
128
90
86

D
E
F
G
H
I

22.4
23.1
23.4
23.4
24.1
245
2+.8
25.0
251

B
C
D
E
F

2.6
3.1
36
4.0
47
5.1

507
702
671
755
869
920

Some results of tests on experimental fabrics were publisled by-

Clavlon in a paper, 'The Measuremenr of th€ A;r P€rmeabil;li€s of
r"s'.i"'rZ. ni. i*. Ze, TlTl (1935)). These are tabulatd in a

,"olin.a'io'rn i" f"tfes z.Z ana z.S. 1-he warp colnt is 44s-and rhe

ends per inch 143, eiving acover factorof2l 6 for the series ol la bncs'

iv-d'yi"i u. piii" pei inch the weft cover facor is varied from 5 t

5.1
6-5

9.4
r0.9
12.+
138
r5.0
tq 3

36.1
,16.3

56.2
66.3
77 1

875
98.t
It6-l
I08.4

21.6
21.6
2t.6
21 6
21.6
21.6
21.6
2t.6
2r'6
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to 15.3. from each pair of covcr faitors thc cloth covcr-has bccn
calculatcd by Ning the following formula:

K,K,
Ka:&+r,

whef,c .lfc : cloth cover, '
4 : warP cover factor, alld
f,r : we& cover factor'

CXayton ust{ a permcability valuc P, calculatcd as follows:

t007

Ap

whcrc / : volumc of air in cubic ccntimcEca 1rr sccond flowing
tlrough tlc spccimeo

,{ : ar€a ofttrc t6t piece in squarc ccatioctres, and
, : Plcssuc hcad in I (m r /atcr.

Thu!, P is 100 timca ttrc air p€rmeability as defncd carlicr. The
. valucr ofP atc plottcd against cloth cover rY6 ir Figurc 7.13 and a
curvc fu pmduccd. In Figu. 7. t4 log P i! plotr.d agaiEt ]r. and an
dmct lincar relation ir aoted (see abo PoUitt'i paF: on Cloth
Gcomctry, J. T.xt. ILn. $, Pll (lgto)).

I

I
I

5
I
t
i

_ Cu,| @.,1 -.
r1trd 7.13. ti Ftuditi, os cbd' N

26 BA 8a 2}16 2+2 2a6 EO
Cloth .oti!.. & 

-Flss. 7.11. C&ldo, ot bt P



TABRIC DIMENSIONS AND PROPIRTIES zBI

clevton's work also showed ihat t$e twist factd in thc /rns har a

-"""ii;;;;;;;;;,o'".titi,v. tn - "'p'rimenr 
the warp and

T"'n"'":i"#;i#;;;ii.pi"on.tint u"t'r'it*ist factor orthc wert

.]"'l'.iili**'z o -d 5:1. Fisure 7 ls shost how the air permea'

iiiliit"...."l ["...rv with i-ncrease in twist factor' As rhe varn
till* '[.. r,'i"r'r, *isied and rherefore more comPact' the air-

ili.-ii' iir.-r.*'lt ..auced The fabric moves towards a structure

:ffiil";';'il;*h o,,a the permeabilitv increascs' Kaswcll

ljJ.i* n ut *t t f*t. n.r. J' 20, P' s38 ( l95oi) 
' 
'For a given fabric

;;;;;;;;,i.r"l variaite was fo,nd to have nearlv as grcat an

efrect (as twist) on Poro6ity"

I

z5

t-

W'lt t*ist lGtd +
Fisftt 7'15 An F*ctiti' ot doLrletot

. TIIERUAL PROPERTIES OT FABRICS

Measurement of the 'warmth' of fabrics is perhaPs more likely to be

ll"?i- ''*-.J 
f.u"ratories than in thc testing laboratory of the

ffi'i iil;*;;;;i''.i...""" to this subj€ct altosethcr' thc

iliil*ri" "",. "t" r".luded in order to direct thc reader's ancntion

i..*-._a"tfro.itatite ""urc€s 
of infoflnation'- #;;;;;"i l-Portant Point to note k rhat the warmth of a

..ii" ii"-.i" 
" 

t 
".ion 

of the airspacc and its distdburion in the

Hii;li;';, ; ."'- "'igt" 
ai 6rst supposc'.rclated to thc

ii""-ir -rar*"ia" .f the fib; u!€d' MaBh tested manv tyPcs or

a-i';l..,i'i ,rl"J' ,i,.i' "r1""'-t Insularion values' (T'I'V )
'"'-11l"..liiJ Jr.L.* and obtained a fairlv linear rclatiorship'

;f;;;;; .hth" air in tbc fabric! Plav! rhc rDost imPortant

p-^i. clii'"t".*. tt at thc air is not 'cntraPped" as many pcoptc
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tend torhink, hrt clings to the 6br€ surface, a fa.t that probably ex-
plains the excellent p.operties ofwooi fabrics as rvool yains are open
yarns and expose maximum fibre surface,

Various test merhods are described in the literaturet and several
units hav-e b€en put forward which may expness the thermal proper-
ties ofa fabric numericatly. Some of these values are dererminei in
nominally still air, whereas in practice the warmrh vatue ofa fabric
is appreciated most in windy conditions.

- The T.I.V. menrioned abole is rhe percentage saving in heat
Ioss from a surface due to covering it wirh the fabric:

100(Ho - Ed
T.I.V. :

HO

\rherc ,1o : the heat lost per second from rhe irncovered surface,
and

Ilc : the heat lost per second from the covered surface.

TABRIC STIFFNESS, IIANDLE, AND DRAPE

A person selecring a fabric lor a giten purprose usua y knou.s rthar
characterLtics of lhe rnarerial are required for optimum perform-
ance in usf. Where mechanical or inaustriat faUi'cs arc co'ncernea,
detailed information on strength, er.tensibility, resistance to chemi-
cal attack, and so on is required and in many cases suitable tests arc
available rvhich furnish this information in numerical form. When a
fabric is chosen for, say, dress material, its technical merit is almost
taken for granted and oth€r fabric Foperties arc examined, many of
which are dimcult to d€scribe by numerical values. Such properties
includc appcarancc, lustre, smoothness or roughness, stiffness or
limpness, and good or poor draping qualities. With a range ofmat-
erials to choose from, lhe person making the selection mu1 handle
and examinc all rhe fabrics and decidc r+.hich one is rhe mosr suitable
for thc purposc in view; he must thcrefore assess many properries
simultaneously and subjeccively and rank the fabrics in order of
prcfcrence,

Fabric handle, as itr name implies, is concerned with the fe€l ofrhe
rhaterial and so dcpends on lhe sensc of touch. ft u ill be appreciared
that a term such as 'smoorh' may have several connot;;ot!. For
.xample, the smoothncssofa high quality worsred suiring is a differ_
.ScG.tro

A.S.T.M. Dls$ 5?T, Ttdtut TtMit!tu. o! T.xtik Fahi. a4r! Boting B,t@
Crdthd Hot Plol! qd Cool Ah@*n e.
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.nr rvDe ofsrnoothness to that ofa cotton sateen' Peirce' in his paPer

;; ;;,;i";i ch;;; i Mcuwabh Qnntirl' observes rhat when the

i"lir" "i.i.t* r':rdged the seniations of stiffness or limpness'

i,'irJ'L, "' 
*r,"*t..i,d iughness or smoothnes' are all made use of'

"'ii'# r'^ , '"1r,.. 
ditrelrent meaning and verv broadlv-is rhc

abiliw of a fabric to assume a graceful apmarance rn Llse r\or arr

iuili:1.;r;";;;; ;pected tJ drape grlcerurrv and indeed wourd

ii. ".*'J.*a-",i*i "tle;f 
rhev did One thinksolballet skirb and

stiff Detticoats.""'d;';;;;,, thirtv vea* or so invesusatrons havc been made

inio Dossiblc metho& ofo'ercomrng tlre di"fficuhies associated wirh

i:1'*:JJJ";;".;; .f handle andirape. Two main lines or attack

:"'ii;;;il;;;;;;;;ioitowed' Fini. rhe koration orthe various-

LlilJrl"-,i'*i,r.r' make uP handle and drape' and the desisn or

:ii?;;;;';;,;;;;." with which to measuri the individ,al fabric

ii'j".i"r*."'i..""a' thc aPPlication of statisrical tcchniques to-

Iiil;* r'"*-a*a" the coriclusions reached from examination of

:i";1" ;;;;; ir* i"ag"'* or individuals or group's or

;L;.;;;;i;;.ir;pers o"n th-ese topics arc givcn in thc referenccs'

" r-',...i.t ce has shown that Peirce's concl'rsrons were w€n on

..i'"li*',r,.L r.ttri",;trness is a kev factor in rhc studv ofhandle and

:1'^1': ;:": il";r;; '+-ln."o..t..', - instrument d€sisned to

ilfi'.'.;iffnos, i;n". tt'. p"p" $'as published (1930)' ncw

il;;; ";;i;;,*-ent 
haveie'en produced bv the British cotton

i:j'l:;'i;;;;i-L*ciation. one is tle 'Shirrev' combined

iliiri#l ";;;;t.;-i;;;' mo'e'"ce"t'e'"ion is thc'shirrev'

i:#nl; i;.,;"-wh'ie rhc use or the t$o instrumenrs rnav differ

iigiiiy. ,rt.v *" r*l bascd on the same principle'

Th.'Sh;,t.i Stifiuss T..tkr
i"*.ir"J.r-".,.t'.i rauac; e in x I in' is mounted on a

i'""ii,,t.,i rlLr.-"r" *"h a 
""av 

thnt it 
""'hunss' 

likc a canrilevcr'

;ffi.,;i;;;;;., "ee 
nlg"'" z to From the length I and tle

.ngt. e 
" "u-U.t 

of 
"alu€s 

arc detcrmined'

Fisu/. 7.t6. Fab.i 
't6d't"@titaq 

Fi*ifu
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Bcnding k4th, c. Thisis rhe length offabric that will bend under irs

own weighr ro a definite extent. It is a measure of lhe stiffness that
determines draping quality. The calculation is as follows:

c:n@)
/cos I At

r, (q : l-:-l
\8 tan ,/

Thc labour ofcalculating the function of d is avoided by consulting a
prepared Table.

Fhxaral tigidit2, G. This is a measure of stiffness associated with
handlc. A recenr paper by Abbott (7.*t. R!r. -7.2I, p. 435 ft95l ))
suggests that tle flexural rigidiry as ttermined by this rest sirows'a
closc relatioDship betwecD this vatuc and the personal judgement of
slifrne:s. The calculat;on h as fo ows:

, G :3-.39a,r3 mg/cm or rarrt x I0, mg/cm
where rrr : cloth weight in ounces per squarc yard, and

l,, : cloth weight in $am per square centimctre.
Bcnding nodulu, g.Thla value is indcpendent ofthe dimensions of

the strip t€sted and may be regarded as rhe 'inrrinsic sriffness,.
Peircc-points out that tllis valuc may be used to compare the sriff_
n€ss ofthe material in fabrics of d ifferent rhicknesses. For irs calcula-
tion,the thickness'of the fabric must be meas*"d ut o p.."rrr. of
I lb/int, Ttre bending modulus is then given by: :

?32G l2C x 10-6
4=- kg/cm2 or _- kg/cm2

8rs 3rs
wherc gr : cloth thicln€ss in thousandths ofan inch, and

g, : cloth thickness in cmtimetres.
The Shirley Stiffne$ Tester is described in the B.S. Handboot

p. I94and tlrc tests are now B.S. 3356:1961 'Dctanination 
9J Stiffntls

oJ Cloth. Threc specimens warp way and three weft ari usialv
tested and since ihe relative hum;d;ty can aflecl tle results the lesi
should be made in a standard testing atmosphere.

The horizonral plarform of thc iristrument is supported bv two
sidc pieces mad€ ofplastic. Thesesidcpicces huo.e engi.ved onihem
rndex hnes at the standard anglc of deflection of 41.|., at nhichangte/el|') :0.5. Atta.hcd to thc insEumenr is a;irror uhich
enablcs the operator to view bolh inde( lines from a convenient
position, Thc scale oft}Ic instrummt is graduated in centimEtres of
bcnding len81h and it also serve as the templarc for cutting rhe
lpccimcns to sizc.
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To carry out a test thc sP€cimen is cut to size w;!h thc aid ofthe

'.i:;"fi;;";"ih teniplate and specimen are transferred rothe

:::iilH 
.. ;i';. ;;;"'"iJ.'n.^,t'' s''l' are sro* rv pushed ror'

I'lii"ii"..li * r"l'ic will commence to droop over the edgc ofthe

:,11,il#':il'i;:ffi.',.'i.i'r'i i'*pt'" (i e the scarc) and the

iju'ii'" .."ir",.i ""tl tic tip ofthe sPecimen viewed in the mirror

.1,til,iil.;i;;. ir,; t.i ai"g r"ns'l' '"' immediatclv bc read

Ii}". ,ft" t*r. -*k oPPosite a zcro line engraved on the side of

the platform.

Fin 7.l7. Fobi. niftus t'rr" (fr-om B S Hddb@L No lI'
'#i#"r"r;*'s,rii*i*f;f.l,lsmt'*'{*;

F,achsDecimeo is lested four times, at each md and again wi$ the

"tjfi#J;;;;.'il; ',.r.'o r"r tl'e b*nding ren$h in warp and
'-1'[ ij...t "' .., ir,en bc calculatcd and' if rcquircd' values for

flexural gidity and bcnding modulur' 
\
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The use ofan instrument such as this is recommended in frnishino

depanmenls wherc the control ofrhe process is aiaea ara tle cdeci
ot varymg thc process noted.

Th. luatt-loop tart
Somc fabrics are-too fl€xible or Iinp to be tested by using rhe
cantilever pdnciple, and for such matcrials peirce put iorwar-d the
heartloop test. Figlre 7.tB shows a Ioop offat.i" f"^r-.a fv 

"i.*o-rng $e ,iee mds as indicared. A srif fabric rr t hang as ;n figrric
Z l!. I l,:r. a very limp fabric wir hans verlicuUv- us i" riirl,.
7.19. Stiffness in rhis test is therefore invenily r.tetj t" *e f.rigth,
,/, measured from thc top edges ofthe clampsio the Uase ofthe l&lil

-l
l

I

Fiqd.7.t6. m. tuur-kot k,t (tttlahi.) Fisd. 7-19. Th. h.Nt-loob
t.rt ltbn! Jdblic)

The bending length is calculated from thc formula
c - l,f"(o\

q,here d :32.85' <djt.,
d =l-1,
I : acual len6h ofthe loop,t. :0.1337 L,
Z : specimcn length, and
J,@) : (c6 qh^n 0)t.

Hcrcagain, a Tablc is prepared for the function./r(d).
In both rhc canrilever and thc h€art-loop lcsts ilri it;trness values

are mcasurcd only in onc dircctior .t . ii-.. c.iti"i- L tli
made on_ the grounds that in practicc fabrics drap" in all dircctiorrs.
Peircc did in fact considcr this point, and hc *ias".ed 

"titrnos 
ai
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ansles to the warP and weft directions' He found that the value in

;li::fi;;;.it; .ould be calcutated from rhe known warp and

;i ;;;;i,*, rherefore no great pu.rpose .would 
be serv€d bv

;;.i;.";.;.', "n 
specimens cut obliquelv *

if:,'#{;;im*,|Siliirffi .i:Y.i"^;.ii:.!,Ui:iii"::
iI;iil;il;;;e;'JJo"'.th' 'vp' 

of gracefur fording seen in

.-r^*' .L^6 uin.lows when surtrng rs oraptd over circular suPPorts'

f x#l,tlT!:tH1"+::,ru:;:;;l;,ii,,'ri'"'"."H;
method i5 also described by Kaswell'
"''ri 

""i""r* 
tr.ii*!; abo;t l0 in' diameter is supported on a cir-

.i*-Ji.1.t ,1, s i". aiameter and the unr DDorted area drapes over

ilJ"i; 
.G; ;;;;, rtr :,,l:-..,T1'Iil Jlhi?;i r'r;.

#,H'HH.i'i[Xii'.#:,:T,iHx]i;:;'i"r'r"**'a'wi'r'
ili'... ii,. *"i.i"r '" ill assume some fotded confguration and the

'il"Li,i" o."i*.a arca will not be circular but somethins like

the'shape shown in Figurc 7 21'

#:,:,* !, #,,Y#ff;,ft-':#:, o,i;ll; H'!;T"XIW ;lk"

A value knou'n as the draPe coemcient' 4 is determined by con-

siderine arcas.
Let,rD-- thc area oft}le sPccimcn, -. ."" ii : it. .r.. orthe suppqning disk' and

ll :,it" ".*a p-jtctcd area ofthe spccimen'

'"&H o. *, 
".'rn" 

aufrnB; orwov'n r'bri6 7 r':r' 
'ar' 

tl' T3l7 (re60)'
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The drape coefficient, 4 is the ra(io of rhc projecred arca of the
orapeo specEren to irr undraped area, after deduction ofrh€ arca of
the supportins disk. Thus.

A'-Aar._
Ao*Aa

Other.valucs,are obtain_ed by firrther analysis of thc shape of rheproJected oudine. (Sec Kaswell.)*
Several other special instnrments for (he m€asurerDent of draDc

and related fabric propenis are decribed i" tfr. Ur*.t"r. gi;i"

CRE SE RESI5TANCE A*O 
"*',,.'J 

RECOVERY

A useful reviel,v of thc litdaturc on creasing and related fabdc
properli€s is given by Kaswell. The cease_resisti"g p-"*". h;;;,
:{as Ivej'r+ by Foulds, Marsh, and Wood, of tooral Broadhuni
t-ee L:o. Ltd. and for a background ro rhe whole subject we arc welserved.by-Manh in hig boot lz lniodution t T.;it FinLhirg.-i
rew extractJ are given here.

Hy,T:. y:ry.'" are nobrio8ly susc.prible to crcaring ard rherdlovar ol ttu5 dcre.l may perhap. bc Egard.d as ooc of rh; gEat€sr
acbevemmts in $c hisrory of texrile fi shirg.'
'. .- many mareliaG r6j!r oeasing, which m@ns rhey rcsisr defo.matjotrdd arc (ncrcrbre rigid. bur whar ir requir.d il a producr which can bedeloJmed but .apidly r.(ov.r! frcm ddormado; _thde musr be ar€sil;enccshich includ6 eme rdstanc€ to cr.arins, b"r .L";;*;f"lDd lapid .eovery thdcfrob.,

- 'lvool, of cou.sc, is famous tor its .Iartic r€covcry, dd is $.atty prized
for its potitB of r6i!r&cc ro and recovcry rrom ireasi,s I th;. p.;i,,i--_:
howcv.., arc alr1rcd !o a targe exrenr by rhc rypc or_** ,i-.'rr* ijN$cD,the wool l! @ptoy.d_wherc thc 6bro arc paraltel od hightytwlil.d, oc ctastic rccovcry or Gease rGistarc i! "i""t, I"o -pia"""ipowerful tlan- rl the rrT,iel $.@nen c"*tructi"n w;tl ie ^ra.jom
arangemcot ofthc fibrE ad thc opcn consriuction ofthc fabric.,

- :Th. cluEs or_oejsDg of .cxlitc marBiat i! a coEptex ctrccr in-lolmg r.o.rtg, {.,ring, compBivc, ard toEional sr!e.!€r. Thc rcruilc

1." I]< * e^DyPg,.F l"r idvqu?ariDs rtr Flpcnjd of @n-wo@ rabriB i!gTl:rd-Dy-Lyg.i_1r. _.prFicd 
prDFiric. of soe col$6d.l Non-r^b;;rzb46- J. t d,. 

'E,.51,52 
(t963). (Th. Rohro64"ri.r D."p. r-,o i, "o*lhitabL tom Roii.toG Lrd., M; IDdBkiat rslar., t4igh, l;c.)
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exredon plalB a rlativclv small part in 
'lastic 

recokryt and m€4-ure'

l-I- i,i. i,.a',r* .r aaed(irv arc litde s\ridc to d'' crcalabilirv of rhe

l,"."iJ',iei.., i.-"-* -;t 'cu'ec' mat'r;'t" in rrrc ensin'cring senlc

arc aPt to cr€iase moet @drly''

'The bending tlxticirv ses ro bc of rhc grcatest iflporrance iD tbc

*rii:ii#*'j',ffi,:1ffi ST:f iffi 'J-r.$:;jfl
"::::H:;;#';u. nt* - nu-i" 'tich tak's Prac' duriq

X:;JIJ; ;;*''.'d"",r u" *u'r*" '"'t'" 'pPer 
surrac'' a.d r

compdsiou on rlc under suface'

,Asonsst rhc comson tdtilc maieriaL tlc order of dnninishln!:Y:
: 

'-J,r"."-i. wool, $lL, aceratc Bl,on, vi!6'e ravor cuP'ammo um

myon, cotton, flax.'

'Fabri6 of lin.n arc notonoslv bad in remr of crcarins' posiblv on

"...--. .r i"-*"r, a'g*' of the oricnt'tiotr o{ r}' cellulose ijr this fibrc''

Adoanfae.s ef th b.alnrnlt
Immorid resistance to and recovcry Eom cr€asmg'

Smoottr-dryingprop€rri: "f* F:'{:i:.d"te mechanicat treat-
Durable ctrects may bc iePartcd -by 

mtcr

Reduced Laundry slrintage'
il::;;;1;il-*?'ga ""a 

greartv incrcascd wet tensirc

<treneth of rayon.
r;;;;U rJl' t *ashins and rubbins or.most dves'

ii.l'.. J *.i.';-siuition and more rapid drying'

Improved handlc and drape of fabrics'

I[ffi] H]:.. ,. distortion of fabrics with improved retention

of earmcnt shaPe and freshness' - -
Imorived resistance to slippage and frayirg'
v.i,i.le Gr modcm flamc-Proofing'
;;;;J;;;;;;;,; phJto-degiadation and tearhering'

Inocascd rcsistaice to rotti[5'"ii"f;ffi;;;i;fuat dr! manv real advantages or a- corrccdv

""ofi.Jo.^"-roi"t 
*y be accomPanied by a few disadvantages'

";l#il ;ffi ; Hili'-ioppu'ai lo*o iurasion resistancc' and

Lir-*it* jt .t*r, have been rcportcd and even uoPl€asant odour3

:#;"."'t;fi;;''ai,1"*. such shortcomings arc' no doubt' bcins

ilT,;;ifi.,Jti;-il bv rbc rextile cheurist a,d wiu' in timc' bc

J*., iriii".,"a io-Plet€ly or rcduced'
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Mcasutmmt of e*ase rccoocrlt
The Tootal tirt. This test method is a good example uith rghich to
demonstrate simplicity combined with effeoivmess in piactical
application. T€st specimens are cut from rhe fabric in both warp and
veft dircctions, 4 cm long by I cm wide. The specimen is foldej over
and creased by placing it under a strip of spring steel with a S00 g
weight ro supply the pressurc for creasing. Aher 5 min the specimei
is removed and suspeuded over a wire, AJtogelhd 3 min are allowed
for recovery, after which the distance between the cnds of the in-
vertcd'V'is measured. To avoid touching thespecimen, this distance
may be read from a scale enqraved on a mirror below the wire.
Igures,7.22 and 7.23 show a neat resting rig designed and used by
Tootal Ltd.

nsd. 7 22. Th r*ut oa, ..,,.1 r,,i. Jlbt2 ttu wieht,
tinine do.k, a4n c'adud.A h,nd

lf rhe fabric exhibited perfect recovery rhe distance bers.een lhe
ends rrould be 40 mm bur. as Marsh points out, sueh a fabric woutd
porsess no draping qualities. Exp$ience ha.s shown that in order to
ftlain good draping qu ali ties while still having good crease recovery,
ihe crease recovery ofgood-quality wool or worsted, about 33 to 3'j
mm, should not bc €r(ce€ded.

Thc t€st must, ofcours€, be on conditioned fabric and be made in
a standard testing atmosphere,
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F;eut 7.X. AM'IP of a' tur'nsid u;/' anl stad@t'd n;ttot

Th.'shilci o.a!. ftcot.rrl?rl. The useof the combined s(iffness and

creasine tesier h describ;d in rhe BS' Handbook A more rc'ent

;;;i l' ";* available which tesrs crease recoverv onlv and is

described here.--fir. i*""-.* *"sists ofa circtilar dial which carries the clamp

r"Jola;ne $e 'p.ci*.n 
(see F;gure 7 24) Directlv under rhr cenrre

;,h. ;;i t' a i.ife .asi and 
-an index line for measuring the re-

;;;;;-[. (Note her; Lhar rhe anglc is m"asured' nor a distance

". 
i" ir,,. i"l.ii Li. some aurhor itiei hotd rhe view rhat erron due

;;;;;;t,, ;;"o....", in the Tooral lest Ho$'ever' such errors do

;;;;rr;;,"'h"'" prevenred the succes'rul d€veloPmenr of the
:i.tJiii.a p'..*'.1 ihe scale orthe instrumrnt;r ensraved on rhe

dial.- 
f,. ..".i-", is cut from the tabric with a lemPla(c' 2 in long bv

r * 'I',a..1,;...'.i,ltv 
cr€ased by foldins in halL placinq it beturen

two olass Dlater. and addine a 2 kg reight AftEr I tnin the \^c'ght 
's

'.-""r.a- 
ira ,ir. .p*;..i ,'unJ""a to rhe fabric clamp on rhe

r".,.r-.",'^.i 
^lr"'rr.J 

torecover from the crease Asit recovers rhe

li.i"iir,l r^.i.,-.", ts rotated to keep rhe free edqe ofthe spec imcn

i"li". *liiir,,. r."ri..age. At the end ofrhe time Period allowed ror

,-ec^u.,v, r,"',ullv I mirithe reco'ery angle in degrees is read on the

engraiid scale.
foarp and teft way recovery are reporred separalely to th-e-near6t

desrcc i.o- the mea;l talues often tesls in each direction' The load'
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trme ol .rea(."rg, and recovery timc may be altered to suit parricular

As for mosr fabric tists, thc specimens should be conditioned and
tesied in a standard r.sting atmmphere. A random sample should be
taken.Lut rh. selvedg€s, picce ends, and cr€ased or folded regions
should be avoidcd.

F{st 7.21. Tk,$ .t, de tuoo.Dt k'it r
Continettdl wthnd. At a conference at Gdteborg, ilr Octobcr I 956, it

was stated rhat the moct ccrtain test mcthod for evaluating creasc
r€sistancc was lEeasurcment of crcasc recovcry aDgle and that a
German test was considcred thc moct sensitive. Bricfly, a stip of
fabric ;s folded over at one cnd, Ioadcd by I kg [l hr and allowcd
to recover. Thc spccimcn lier in a horizontal posiEon and rhc foldcd
piecf recovers in an upward direcrion. The anglc ofrecovery is then

t.
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measured aftei 5 min and again after I hr' A time schedule for

measurement often warp 'r'ay and tin weft way sPecimens is sct out

so that testing proceed!;moothly without undue delays'*

Ttu LJ.,Y.R.A. suua1 tfta', .ualuator
e ."i.L i.'i .f.r.;". recovery is the 'clenched fist' test in which

ii.'f"s.i. i. crLrshed in the hand and tien allowed to tecover' A
,itrrf 

"opr"i"ut 
of the recovery property is made lTry comparing

ir'l t. i;ou' ofo "ltl 
handtrerc[rief with a colton or a linen hand-

i...rri.ft fl. I-;n.n tndustrv Research Associat;on has develoPed a

i..t "hi.tr ; some*hat based on the clenched fist principle'
A circle of fabric. 4 in. in diameter, is cut along one radius'

f"fa"a fanrvise and inserted in a specially designed loading device'

ir'" r.ra"a .o..i*en '" Ioaded uitlr a l0lb !'eight for 3 min' at the

."J"f *f,;.riti*. it i" Iemoved and Placed in a Polished glass P€tri

aist. e 
"tanautdisea 

method of shiking the sPecimen is used to

asist recoverv. The sample is then scanned whilst rotating on a

ir'ri^uf. uv i f.r-.fligit at right-angles to the radial creases and

"t "n anole of 20" to the horizontal.'The 
virvine amount oftishl reflec(ed tertically upwards is picked

,.,p bv. pliotiell ,"d the flucruations in rhe voltage outPul ar€ fed

i"',.'" "i'.tit which enables the degree of crease recovery 10 be

derived. A cor:rection is made to the value obtained, si[ce ev€n a
n.i f.fr.l. ."rfa reflect sone light vertically' This instrument is

i..-iu.a i" detail bv Archibali et 
^1. 

(J. T'xt h|lt' 55' T477

iiga+ir. e" earlier vinion is described bv Archibald and Ewing

0. Tert. hL't- s3, Pl3s (1962)).

l'iuat rct bdtuon a4ailLtt ttandadt
er.if,.. "'pp-*tt 

. the problem of assexing crease recovery is to

"...r. ^ i.tti. i" some'-.tdo- mattrrer'and thcn to assess it
ir.irt, .i,f,.. ot ot*-phic standards or against three-dirqensional

""""r1.^ 
.f"*.!.a f.irits. The former method is described bv Laki

."'J-v..' fi. TtxL hur.5!, P99 (1962)), and the latter method bv

i,,i.il ill?.". l^t. s3, Tl96 {1962))- S'rdnikt paper describes the

i."ur.ii t. preparing the i.puci" f* use with tle Celanese

wi"ii. i*t"..hr'L tesL causes crcasing by susPcnding the fabric
qnecimens in a rubber tube and then parially exhausting the air'

c'ausine the tubc to collaPse and thu! creasc the fabric'

i'"JJ*" n.-" 'cl.* Rdlrdc. ud crc'e Raovrrt' 7' T"t' Id.t'.53'

5 ( 1962). Ard.mn, S. L., and sattl., 6. E'A clc'rc R@v'ry r 6t ror !'Dn6
j. 7.,t. |tut. 52, T298 l t96 l')

Prin, ol Textile -20
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SERVICEABILITY, WEAR, AND ABRASlON RESISTANCE

Thc prcdiction ofthe pcrformance ofa fabric in actual use from the
rcaults oft€sts on laboratory instrumctrE has up to the prescnt cluded
thc textilc tcchnologilt. It is not for want oftrying, sincc upwards of
sixty qpes of abrasion and'wear' .6tcrs have been invenled, each
achieving varying dcgrec! of success and acccptance. Evidenlly,
wcar testing i! a vercd subject. Ratber than artempt to discuss lhe
wholc problem it ir proposed to definc some ofthc tcrms employed,
to oudinc the principles ofabrasion teting, to describ€ one or two
abrasion testcrs and, perhaps most important of all, to direct tbe
rcadcr to sourcci ofdctailed iriformation.

SmiccabiliE. An article which L serviccablc is capablc of per-
forming useful service; its serviceability ceas6 whcn it can no longer
do so. To a lady offashion, her Iast season's out6t is unscrviceablc as
far as being 'in thc fashion' is concemed cvcn though thc clothes may
still be in as-new condition. Of coursc, serviceability is a relative
term. A musici:ii fricnd of the author has a shooting jacket; as he
nccdl€ssly points out, it is shooting out at thc i:Ibows, but even so it
re.ndcrs ttseful servicc to its ov*ner when wom in his studio. The
eod-point ofusefulness is govemed by the use to which the arti.l€ is
put and lhe standards demandcd or set by ihe user. A newlease of
scrviceabi.lity may b€ given to an articlc by putting it ro sohe new
u!c; mo6t textilcs at some stagc becomc uicful cleaning rags.

.A time clement is included in scrviccability. Starting with two
aipa&ntly siEilar articles fmm difrerent sourccs, the onc rthich
outlasted rhe other would be c<insidered the gU)re 'serviceable.
Further, the cnd-point is not nec€ss4rily detennineit by ttre dcgree

'oI'wcar'which ha. taken placc; a dircss tvhich may be unworn but
whose colour has fadcd tray bc classcd as uns$viceablc.

Scrviceability trials are u-ndcrtalcn .by various organisations,
Tattcrsfield and Thoma: sumoarising thc iurposc of such trials in
an ir&r6ting paper 'Scrvic€abilit,, Testing as a Mcans ofAssessing
Suitability for Purposc' (J. T.n. l,Ltt; 4, P*l (1953\) |

Pwrot ol wiabilitr bthg
In a u!.-dcvclopmmt oganisatioa, tuch .r th.t iu which thc au&on

scrvc (Counauld! Ltd), thc main trnnpGir of triab by u!.8 arc :
(I) fo rl.tcmiac e! objEiivcly .nd pr.rir.ly I po+ibl. wh€thd thc

applicatiod undcr inr,+ltigatidr n a v.tid and $itabl. ulc for rhc 6b!c,
yam, o. fabic, ald cor!.qucirdy wil havc r€aronablc pro6p.cE of
conlmalial3u6r, .. a loog tcrm pmpcirion. It wil bG apprcci.Gd
that rhi rtcffiit rPdi.r p.rticulrly to Uc launchiDg of r nc frbrc,
yam, o! frbfic, which cal briDS crcdit or ditclcdir to thc compnoy.
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(2) To compar€ anuinbcr ofdifrcrcnt frbr's, varru' or rabrics' ae Part of

mlLet r.lEarctr.

ill 't a-"i"-,,i". ,r," -sucncc of cloth ltmcturc and Gnilhing on p'rfo!-

,n, Ti*.o ruituUU" rorpurpo6e in insrances whe'c the fabric or articlc
\'/ i-;;;;;:;;J;in"" tv tuuo'u'"'v t*tins asainst a Plrror-

mmcc spccification.
,., Ti"i.ii*i.. "*"uilitv 

for makins uP, es s'ami"g. PmPertic!'
'"' otcatnr ana crc*ing ProPcrti6, and othd tailoring r'qur'mcnB .
(6) io asiitin clablighins critcria for labomtory testins dd stanoarc or

mrformancc

Wr'ar. Broadly spcaki,,g, 'wear' i!.the net rcsult of a number of

"-"-"i* *t'i.l i.dr". thl serviceability of an article Somc of thc

ff#';;;; ;a ihese are bending and sretchins' tearins'

"*-"i"n-'launderins and cleaning' The nature ot urese weaflng

;:il;'."";;il1; ;p" and seve-ritv ihat it i3 virtuallv imposible

i"1;i#; ;;-,;i.;'*t i.t 'itt '"p'oa"" 
*eir cffects simultan-

LiJ","ir. i"u.."..v approach, rlreiefore' is to desiSn instruments

;;i'i ;;; f"#ic'iea"tio"s to individual w€arins asents'-

;1,1i;";;J- .Ilis ;;,o""h i' u.a*il'a uv unccrtaintv The tasl-or

fi:;:;i;;;;h".d[i is io studv all rhe test resul* and search ror

iii: ;J.iilG;;;i;;; i"u."tlry t"t' 
"nd 

rubric perrormance in

actual service.*Jit 
ir.'eirr*i", is just one asPect of w€a! and is thc rubbing

.;;;;i,h.'.;-p.;*t hbres and varns ofthe fabric Abrasion mav

r'" ciassinea as fottows:
;i.;;;;;;b'*i"' - A flat area of naterial is abraded'

;;;;;;;; - F". .,,'"ple, the kind of abrasion which occun at

collan and folds.
nI'ii.*l- -1"'*i" case rubbing is accomPanied bv flexing and

bendine.
ii.-irrr'.. t 

"o 
of"t.asion given above arc broad divisions only'

-#il;;"i';;, "o*ito -i**" of some or alt tvP€s i3

il;:h;;;;;,;red bv iabrics are of arr shapes and siz€s' arc

iii"-.ii"g-a.dt * 
"r 

r,ardness or softness' and come into contact with

" wide variew of other surlirces'' H;;n}it;;;;i oithe *ea' Lhot "'c"'s 
in service is siven bv

sff 9".'"*#,*f fi l'i:il-:l'-iifr f f tiF,ua
ffiiii,ilarr," .rrr'. effects of wcar on thcfibres arc included Thc

".".i".i.ti .La'a ty clcgg arc givcn in this cxtract:
'""H;;;,1";il hi ,hJi r'tat itlouel tcltil6 iq ."rvicc undcrso a

*"d"i"*J", "r "u"tcal 
dctcdorariotr thrcu8h laund'rin8' d(portlrc
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to Iighl, and armcpheric condjlioB, fa;lur. i! mai, yduc ro a weakeni.E
or rh. sru.rure casFd by me.hanicrt brealdo$n orrhe;ndividual fibre;
ard rhe mechan;sm ofbrealdo!,n is sub,lanliauy rhc same for aI fibres,
co(ron, wool, linen. silt, and ra1on. Onty rhose 6br6 held 6rmtv bv
r.nsion. pressure. or 6lling sutrer inr.nse abrasivr acr;on. The brcakd'own
ofa large proportion of the fibr€s; caused by rransvene cracking which,
judging by rh.location of the pcirion ofmaimum w.atrns in rhe texj
riles qaminrd, is rhe direcl r6utt offleaing anC behding srrexe sutrered
durins wear. Fibres on .hc sr:rface which arb onty lightty;etd sufer gentte

The geDeral w€akening of rhe fabric srructu. and rh€ najority oI the
t€ars ard splirs whi.h occur in many worn gaments ."" n di.."i -*"_quoce of rbis fibrc breakdom.

Papers by Backer and Tanenhaus (see the references ar rhe end of
this chaprer) go inlo the theoreticat and practical mechanics of
abrasion and the effects of fabric g.ornerry o" abrasion resistance.
Authorities on-the subject recognise abras;on as a series of repeated
applicatio$ of stess, thercaore a capacity to absorb punishment is
required ofthe 6bres. Inherent 6bre propcrries, for ixample work
ol rupturc, musr be exploired to rhe best advantage by the choice of
suitable yam and fabdc conjtruction so that thi 6nished product
possesses a high resistance to abrasion while at thc same tim; retain-
ing other desirable fabric characteristics. At all times, of course, the
end-use of the fabric musr be kept in view.

Tlu usting of abrusion rcri:tatrt
A number of important points require consideration befrc abra-
sion resistaflce tests are carried out. The choice of mcthod mav
be govemed ty rhe type of apparatus available, rhe precision de'-
manded, and so forth. Some of the more importait points ate
outlined below.

Condition of slecincn. Unl€ss direcred otherwise, the fabric will be
conditioncd and tested in a standard testiig atmosphcre.

. Chni. of kttue;tLtttun rr. The muttipticily of types has becn men_
tioned earlier and the instrum€nt chosen may depend upon rhe
ch:tractcr ofthe testing dcsired, e.g. flat abrasion, flixing atrasion,
etc. i

Choir. o! abraril,. ,notion The rubbing movemmr may be recipro-
caring, rotary, or multi-dircctional. On some instiuments'the
movemmt can be varied.

Dnution oJ abra:nn. Whcn the abrasive motion is unidir€ctional
tlc abrasion rcsistance in spccific diftatioN can bc mcasuied. In
many cases differences will bc observed betscen warp way and wcft
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wav abrasion reri*ance. lfdesired, the direction ofabrasion can be

;,'i#;;,h";;,nd wert directions ftee Figure 7 25) 
-^' iii)l i .i),a.".'rhe sever;rv oflhe abrasion will varv with the

'J*;::f,#ffi;;i. 
wr,.'.'p'"irr" *'"brasi\ e q'rarities or rhe

-""-rti "*a "r,.rra 
,emain consrant durinp the test and be capable

ii r.'"g 'lp,"J";.a 
for succes"ive tests SLel and sil;con carbid-e'

r^. .rrmDle. will eive reasonably consrant abrasive qualities ln

:l;.?i*I#J,;.';;,"i -"i u-1 second piece or the rested

i,i,.i. 
^ 

t,""a-a **sted or canvas fabric emery cloth of various

;h:.iiii;;; ;ia,r". r,o*"'* 1here is the rhk or their-

ii,ll,i'" ",*"'a* 
.r'"nsing durins a test and a tendencv for biE of

;;;il'fr;I; i;-i;.; rh'e i.''ru'e"some insrruments have speciar

-.tt.lt "f*rnat;^s 
rhe tint from the abradant

I

' Angl€ 0 di'e'tion of rlbbinq ....*

Firo.7.25. Efut o! nilatb or qbbins an balt toueh $k't 'uu! tot doi'tulildmt
- ,a*n etin lobttc

s adkg r.tu sprcirun. 1:h: Y9:::"."f ll; 
"Y:,l,ll--,:*:.l'i:'f,::mav affect the results. In some tesis a nar(

l'i.1, "' 
i..- .r-ut"r. In one instrument the sample is mounted over

an inflated rubber diaPhragm'-';i;;i;';;;; 
';;i^,nZnd 

a't* "r' rhc region to be abraded

.r,.""ri"ii'i"'"ar.a * little as possible and bJ frec from foreign

matler such a! the wax liom crayons or the graphite from pencils'

ffi::.il;;;;.;J. "t "' 
t't';'uno For thc samc reason the

accessories of the instrument wnrcn may rub thc fabric'-e g'- the

ii)iililnli .t-.*r;" tester, must bc sPotlcsslv clean and free from

gtcasc.
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Tcnrkrl o-n tlu sp,cinun Standardiscd methods of roounting rhe
spccimen should be uscd to avoid crron due to variation ii the
tension us€d.

.f\ p/.t!ut: bauun abradant and r4drn. The scveriry of rhe
abrasion. will obviously be affected by thc pr€ssurc appliid. Hcrc
agam surtable standards must bc s€t up. High pressures will reduce
the timc taten to reach thc cnd-pointoia test but the acceleration of
thc dfstruction of th€ fabric may lead to false conclusions,

. Th, .nd-loi d nu btt The end-point may bc the completion of a
givm numbcr of abrasion qycles, the appetrece of a holi or brokcn
threads, lhc rupturc of tle specimen. Auromatic stop motions are
often built into the tester so that the motor is switched offas soon as a
hole appears or the specimen breaks.

Arsctrrull. oJ abrasion damaga. Several methods of judging the
amount ofdamage are used:
(l) Appearance againsr an unabraded sDecimen.
(2) Thc number of cycles requ;red to producc a hole, broken

threads, or broken strip.
(3) Loss in weighr, often plotted aSainst the number ofcycles.
(a) Change io rhickness, e.g. loss of pile height. In sorne cases rhe

napping or raising effec! of abrasion may cause an increase in
__. lhickness particularly in the early stages ofa trsr.
(5) Loss in stren$h. e.g. tensite, bursring, or rearing strength. The

Iox may be expressed in percentage of unabraded itrength.
Some labo-ratori€s may determine residual strength after a given
number ofcycles.

(91 9!*S. in other properries, e.g. air permeabitiry, Iustre.
(7) Microscopic examinarion of damasc to yarns and 6bres.
. Th. int.rpt.tation oJ ttu r6r1t.* No general rules can be given on rhe
interpretation of rhe resulrs from abrasioir resrs. So mu:h d€pends
upon the objcct ofsuch tests. The operator miy wish to rank aieries
of-submilted samples in order of probable serviceability. Because
diffcrent insrruments may rank thim in different orders, a cerrain
amount ofrisk i! involved. The effecr! ofspecial finishing rreatmenrs
may be assessed by 'before and after' tesrs and rhe rest-resuts used
mainly as a glidc to further develoDment.

- Prcliminary 'sorting' lests may be'carricd ou[ on a series.offabrica
rn order to sr.parate th€ obviously unsuitablc tr?es from the possibly
suitable .pes. For such a purpnie a retativety limptc rester'may bi
uscd, and for morc precilc compadsons of thc ,possiblcs' a secopd
tcltcr may bc brouAht inro use.
.S.. B.S. Handboot No. I | , p, 555, t{ot t;a Ab@iq r6ti:ry.
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For oualitv control purPoEcs certain levcls ofPerformancc may be

set uD in thc light ofexP€riencc'"'cli,r..i.-""ii"."r" if fabrics bv carrying out a series ofdifferent

,J;'i#;il;;e'it *ti."gi ot mor-I'h abrasion resistance

X; ;;; ilJ.". of the series (sec Stoll ' 
R' G' T"l Rts' 1' r9'

o. 394 (1949)).

"';;""';;;;';. '*,lt of thc test mav be a n,merical expression'

:t,S,l.,i#itlm*:l*tr;:::m;'X,ili"T'"i'*',"1
""Tlii;, 

", 
*-. of the references given will il)ustrate the manv

*.';'ili;iiii'. ;;ts of abrasion"tess mav be interpreted'

Inld'laboralor! abrusknu:sk , .- retermine th€ extcnt of thc
An inv€stigation has been made.to ILI'i*i-.,iJl, r.a"a;g
,reement betweea scveral dltterenr w

itil"l*..*."i rr.**n the rcsuls of tests on similar instruments

iii"iiii..,i"rJi;ries rhc conclusions reached were as

t']il:;" 
-" important differences bet*'een the various tvper or

.u#ii* [" i.- i-.-parisons betwem- the croths t]ilT:'.]:::rT;
amioed. These differences aPPear to be

::ilia;';i;. machini, and parti.rlarlv wirh the Pressur'

b€tween the abrasivc and the sampte fhe diff€rences are such that

I li".i'i"- i*"",.a' -tqe'i -T:il:i:f l..lll'Jil.tli',i'ir6'rlts obtained f1om. a. palttcular ."if,i*r,."r;i;.r ,i.arL,.
reliable quide to the behaviour '' .^ l;. .;; ;..*t"n tesr under
Aoreement betweer laboratories uslng

ff;';:lj;';; :;;; .onditions is..rikervro,?: f],.Hi JIjTi
Report on Intcr-Laboratory Abrasror

(rs64)).

4hr6ion krti^z itLstft rnts' 
description of a rangc of

Lirnitation of spacc Preclud6 the

abrasion testing instruments' A sho-r( list of machin€s is givEn hcre

uith a brief note on each and a relerencc which will providc fuller

X*'i'ril'""i.'ii'-*;"r; B F'T tester will bc dcscribed in srcatcr

dctail.

'ffi ff lf'tr%'#ff#,rls'Ji.''i'iil':rff '::#lil?H:::ll;
l9s9).
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--*_ Y:, Iadustties. Reaarch Arsociat;on ablarion terteL Circntarspecrmfns are mounred in hotders and rubbed o*. p.a. .f.frrrJ."i-A standard worsred fabric may be used ^ ,r,. ir,*a"".'ii,iii-
9l:1,", .l uni-direcrionar .,ur,;^g i" p.,,i'rie.X;;:"i"i:;i
:lJ:"*l.:, ross in wcighr, rhickn.ess. This re.re. _ay at"o b. r.ejror dye,asrness ro rubbing resis or pilling rests tWl.n.e. Arrdtr"i,h/o:!R.:e.arh,-v9t. z, rulag ana Cant,ot,.p. tsa).

- .,1"!. _lrnen !:d:u!ri$ Rcwrch Asruktioi abru:'ion tcsrer. -rsto_iach
wrd_ertnps ot labrh under rension, "re,rtfea ty u c*Uorrrnjumaoradfr whrch has a reciprocating morion. The ,ir_U* 

"f.rl" i.oreaa are nored, or change in strensth after . g,r., "r-t.. .irubs,(Bs. Handboor(. t9{d ednJ p. r z"o. * r_"_.i. p-. eil."'" ' ",t h. t abrt abtx$ (An.trzz). A flat c ircutar sp.c;*jn i. ., UU.a t"two abrasive wheets mounrei - ,t"r -,iii_ii*.,to,i,i"b.*;;"tlachieved, An annular area of abraded -r;;i ; ;;;;";";visualJy examined (A.S.T.M. Handbook.;.S r.,U. Ol rZl_'Om, "iSkintle, p. I42),

- Th.. 
Sh!f6 narhin (An ian).* A flat circular spe( imen and arrar crcurar abmsrve surface are used. Borh rorate in rhe sameduecrron but rheir ax€s are slighrly out of line in 

"rde. 
,o D;.od,;;mdri-d;rbctional abrasion. a ri;cr.ness gaut; i ;;ili;;i;:';";

;:#;, ";3:;.T.';;: "?i 
i 
j'|H,. o..o*,d -."','.d (,{ s. i,ii.

.Th. W).cnbe.k abru:ion k,t$ (_4n.i(an\. A sttip of fabric rests on a
:l::^5:.] lo'*r. surface r,,ii"h h given an'oscilatory aneuraimovemenl. Emery paper is u.ed as abradanr. p.r.ent for, ;ir str.lr,,f,orresiduar srrcnsrh nored afier 2so cycles (i.i.il;";;;;;;i',
,r.s.?..M. DI t 75_6tT).

. Tlk Stotl uniuorst u.at kttn (Annna4.Thc SroI is a mutri-DDmn(Frsrrument which can lesl fabri.s under varjous co"d;ri"": .;,,
fl-ex, cd€e,_,rk. The sample may be rested wet or dry. I;;r. ;;;conortron the sample h mounred over an inflated oarll ..".".;t.";
ftsrrrenr curvcd surta.e ro a flar arrradanl ,Srott, i. C. 7;;;. i;,:;19, p. 394 (t949)). Some flex tesr res,l.. frJm rh; S,;ii;;;;;;: i;an_article on 6bre blends by Dennison and L...h (J. t*i;;r.;:P4i3 (r952)).

T1u L.I.N,R.A..wat lartpr. On rhe L.LN.R.A. wear rester l\osmal samprel of the malerial to be tested are mounred over rubberoupnragms rnflated ro a hemispherical shape. These su_pte" u;;

And@n, S. L" and, ChEg, D. c. ..Abreion TGt, on Carp.rs Uring DitrknrAbr^d.nte., j. n,t. tnn.5t, T385 ( t960).
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fien carried in weiPhled heads so that they rest on a steel turntable
.ov.r..l uith an ab;adant base clolh. Small strel balls are embedded

in the turntable under the base cloth so that, as the turntable

revolves under the samPl€s, the lattei are lilted and flexed Ttrey are

alm siven a sliqht rolalion every revolution oflhe lurntable to ensure

thatihe samolis are eiven equal wear in alt directions The resulting

*... i. , .o-Uinutioin of abiasion and flexing, and the end-poinr is

deiermined by inspection. Results are expressed as the number ol
tumtable revolutions required to reach the end-point'- . -

Th, Aceebrctar. This is air American instrument which uses the

'i-'etler tumfle' method to abrade the specimen' The impeller is a

twolbladed unit ofan elongated S shape,4! in longand mounted on

a central shaft inside a cvlindrical chamber' This chamber is about

ll ir. ;, di"..t.. 
"nd 

2i in. deep, its inside surface being lined with

it'i r.r..,.a ,t'u.ir. ba;ked by ioam rubber. The 3 g fabric speci-

men is whisLed and tumbted ;bout inside the chamber and hence

rrii."" .U.".io" damage. (See Elder and Mehta, J' Texl' lnsl 57'

Ts74 (1966).)

The B,F.T. aboion tzsting marhiw
it i. -""f,i"" ** desi$ed in the laboratories of Courtaulds Ltd'
The aim ofthe desianei was to produce an abrasion testing;nsrru-

-.rt i.r.o.po.utine-u series of mechankms to abrade texlile mat_

;;i'';hl;'h ',o,ia ,.o"ia" n,merical resuts which could be

..rr.fut.a *itf, serviciabilitv. Examinalion of many rayon staPle

eu;ens *tich had been tieated with resin finishes showed rhar

iror-* ".* ., .rn, ."llars, raised seams. etc . wa! in lhe main lhr
tvDr o[ darnaqe which caused the garment to be classcd as unser-

"ii*ul "t 
p.".. 'l.-ing: flat abrasion resistance and loss of tensilc

srrendh did not appear to be major factors'-'-i"it'. 
s.r.r. ',i'"t 

in. rhe dsigners have eliminared manv ofthe

,-i.Ui.t "".tt lf, *"ociated wiri abrarion tesring variables which

tcnJ o fog rhe issue. Specjal a(ention has been paid to the following

pointi:

il) rfhr end-point of the lest ;s derermined bv the machine -;t
slops aut;malically when the end'Point is reached'

f2) The abradant used in the various accessories i-s made ofspecial
'-' .t..t -tor" abrasivc characteristics remain constant and ar'

.alatle of hing .eproduced to an €ngineering spbcification' 
'

(3) The machine is sturdity built and capablt ofbeing run smoothly

at high sPeeds for a long time,
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(4)

PRINCIPLES OF TEXTILE TESTTNC

The rcsuls of tests on the machine have been examined against
a largc volume of data on thc serviceability of fabrics in 6eld
trials and customer complaints. Thesc results can be analysed
and expressed numer,ically and fabrics may be lanked in ordei
ofmerit.

c

Fisu,. z. 26. rh. B.F.r. dbt6^ rnn, *rn",n ll f.#1,'li#':,i:l
F.atu r of ttu B.F-T. marhinc.'llrre mechanical parts (see Figlres

7.26 and7.27) are mounted on a rigid platform P. A solid aluminium
carriage C is rcciprocat€d with a U in. strok€ at 700 rcv/min by a
crank and comecting rod; a six-digit counter records the number of
cycles. The head H is moulted over the top of the rcciprocating
carriage and moves vertically due to the parallel link motion.
Countcrpoise weights are employed, so that with no w€ights on the
spigot S the movement is just in balance; hence known vertical
loadings can be obtained by adding the required weights to.the
spigot. The control unit and the electric moior arc mounted below
the platform.

Three types of test are made and thrce scts of intcrcharigeable
accessories are provided (see Figures 7.28, 7.29, a . ?.30).

Fbx abraion. The flcx. plate is a stainless stecl plate about 0.037 in.
thick with onc edge taper€d ofrand rounded to 0.017 in. diameter,
This plate is carried iD a stirrup aDd givcn a reciprocating motion,
Tension k applied to drc tcst ltrip by the weight on a bell crank
lev€r acting through a chain link to thc stirrup. In Figure 1.26, point
K is a dcad point i[ the system aad hcnce the Dachine cdrt run at
high spceds with thc Rcr tension weiSht almost stationary, thi.rs avoid-
ing inertia etrect!.

2'b
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\s, tMkD oI CostpllA bd )

Ficd. ? 27 5' ia" qlo' Lh'fex L't on t'tv B F'T atuhiu

The test strip is 5 in tong by I in wide' It is secured at one end

6f qlrnter Dins on thc carnaqe C and led round the

#dfi*$#HflHffil?ffi
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the,re(iprocation oflhc carriage causes rhe fabric to bc reDeate.llvpurred back and.lbrth round rhe edge of rhe flex plare and' contin,-
uous flexrng rs achieved. Eventually rhe fabric breaks and a swjtch isoperated. auromatically sropping the machine. The number ofcycles is read from the counler and recorded. fh" meun ofnue ieri,is talen-warp way, weft way, or in both dirc"tir". if;6;r;;. "'"

(8, udtt, ot catbyu! ,]di
Ftse.7.28. Fh, ap?Natu

Sincr quitc high numbers ofcycles arc obrain€d rhe mean values
are recluced-to^more manageablc proportions by using a ,normalis_
rng lactor'of l0- r, i.e. dividing the mean vatue by I,0-00. Hence.

Mean valire offve tests
Flex result, P, ;

r 000

- Breens and Morton ( J.. Sot. Dy. Cat.7t, St3 (t955)) srarethal rhe
itex lest vatue, P, .. . . is related to the behaviour;fthe tabric ininlernal morion. It is retatcd certainly t. r,f,. .of,...".. oi,i. irtrll
structure and also, in general, to its nrggedness, which is presumablv
a tunctron ol the rugSedncss of rhc individuat 6bres. Micro,"""i.
examination. ofa fatric slowty flexed round a prrr. .f,.-" ii.i-ifr.
structure is in considerable intemal morion; that, not onlv do the
yams_ bcnd as thcy go round rhe flex edge, !"t 

"1"" 
tf,., ti"iri and

untwist in quite remarkable fashion. Thc debrir from tle flex test
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sussesls that the 6bres fail by tensite breaks; lhe internal molion,of

thi"structure rends ro set up local strerses which may be occasronalry

." X"ri ,f,"r an individual'6bre or filament is brolen'
"" il'. ^IJi,;.. "int* 

Iubricant inoeases P and the anri-lubricating

.f*i""f " 
n"i"f' *f,f"h binds 6bres or ilaments together tends to

diminish P."'iirr',n. 
'^lu., rhe effrcts of flexing may be described 

-as 
the

,n.Iicarion of short range elastic strains ro tbe interior ol the lat'r'c;

'iI*'".. .r 
"" "t.rri"ro"ry 

nature. so that they tend to-break down

coherence. and ths breakdown is accelerated by lack ol lubrrcatron'

\Bt .odd, oJ Qshtre Lt')

Figu. 7 .29. Ball tousldts "lle'tut

Ball toughir.ss.In this test a cover platc with a hardened tool-ste€l

."1" it .:L*a on to the top of thl carriage C Thc test striP is

-"lntca Jver rhG sreel platiand secured by ltentff Pins on cilh€r

sidc of $c carriap. Thc;bradanr i! a * in' ball bearinS in a sPeciat

ilofa.. *f,i"ft i" p-".1.a home into thc uPper head H A load of l| lb

is addcd to the spigot.
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Note herc rhat ifthe rzal, ball toughncss is to be tesred, the long
side ofthe 6 in. X t in. specimcn is parallel to the aa;4, so that the
ball ruh,s arzog the warp rhreads,

With thc motor running, thc carriage reciprccatcs bcqeath the
ball and in time the ball pcnctrates the fabric and then contacts the
hard€ned strip. Whcn this happens a very small cu.rent flows,
small enough to avoid any chance ofsparking and so roughening the
ball surface; this tiny current triggers offa spccial circuit $,hich in
turn switchB thc machine off.

The nuinber of cycles is 'normalised' by a factor 10-!. Thus,
Mean valuc of 6ve testj

r00
Here again; both warp and weft valu6 of .B may be determined iI
required.

On the ball toughness t€5t, Breens and Morton commcnt, 'The
ball penetration test value B depen& to some extent on fabric
structure factors, but it is mo6t nearly related to thc tou.:hness or
lack of brittlen*s of the individual fibr6: a rcarDcEt which in:
creases fibre britdenes reducs rhe I value considerably. Lubr;ca-
tion has a compantively small effect on 4 increase of lubrication
tending to decreasc thc , value a little'.

From these remarks we can app.€ciatc drat cre:iLse resist embrittlc-
ment and. constructional or \chemical6 f.Mt degradation are
emphasired by the bau penctr ri.,Il t€st.

Flat dnasion. The abradaDt used in thc flirt abrasiqrr test is a stain-
less steel gauze in a special holder which is 6xed to rhe opperhead by
springs. An rxlra counterpoise wcigh! i! clipped to t&a rcar end ofrhe
uppcr link ofthc parallel molion ;n ordci ro b-.lance thc mass of lhe
Sauze holder. The lest specimen is *racled over a resilient pad oI
conducting material and clipped to the c;rriage. A 2lb load is
added to the spigot S. After a certain amount of rubbing the steel
gauze tontacts the pad, a current flows, and the machine is switched
of automatically. The normalising factor for the flat abrasion test
is lo-s, and so thc flat resistance,4 is givcn by

Mean of 6ve values

BalI toughness, .R, :

1000

Spccial control fabric with t$ted calibration lcvels is availablc so
that all th. t€3t values, P, 8, and Fcan be chec&€d and.thc reliability
of rhe instrumcnt confrmcd.



\8, tukq al cauk&' br)

Figv. 7.30. Fl,t ab/6i o|,atuta

tntd4.tution a| t tltljt
il;ffi;;; i'"i;;;;"tion of results in terms of conelatins mach-

i* t*.tt ao "o"."-.t 
wearability, two methods ofwear assessment

il;;;;;;;fp.d which givi valid predictions of commercial

b€haviour.*'iiit 
i'r - Th.'dutt Jattoi, D. The ball and flex results arc pr+

..;;;';; r'..-."ii,"'"""- '"a this mean is tcrmed the 'dutv

factor'. Thus, 2

Dutv factor. D,
(l 8) l- (l'P)

In thc development of this machinc the duty factors of many

-"t;; ;;;il;ned. Thc samples includcd fabrics of known

Ii.r--'a ua o..fo.ooncc and it was found that poor fabrics had

il;;-r;;;Jcil fabrics hishrr dutv factors For examPle' a

;;.";'Jii"#fi;"'; .i'C : iG .'a P': 3 s' rhc d,tv ractor

was, thcreforc, 2

FABRlC DI!{ENSION! AND 
'ROPEETIES

D: - 3.0
(1/?.6) + (i/3.5)
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. A good overall had values oIB :24.7 and p = {6.4. giving aduty fa( tor of , : 32.

.-lleens and.,Yorton repon rhat by exhaustiye tesring and trials it
nas been poss,ble ro suggesr duty fa.lor levels for rayon staple fabric,
nnrshed w,th a crease_resj,rant finish hee Table 7.4).

rabk 7.4. r,.k oI Plutaal Dul, Futo, h Raron Staph Fabri! bith d Cnd?nti:t@t
Finirh

I -4

W* frotcrtu' mor"r
thb Farrtal tuqui1tutt

7+

20+

l5+

25+

Light-duty group:

Shirrings 5-8

, Mahod 2 - Ttu ,Fieur. of Moit.. M. The .Figure of Merit. is theharmonlc mean of the ball, flex, and flar test valLres.
3

.(tlB)1(rlp)+UlF)'_ Lo*,'.values ofafly.of rhe three reiutrs w; reduce rhe 6gure ofment: thus. if a fabric has a .weak link', ,, *iU be reduc;. F;;example, iIB : 100. p - I0O, and F: t00, .il would ako eouajr00; but if. say.,F:2, rhen M woutd a..p i. s.i.-r# rii.ii
oesrgner woutcl rhen need to 6nd out lhe reason for rhe material.s
lovr flat abrasion value.

. 
-I-he harmonic mean has $e advanrage otweighring a merit 6eureluwards.rhe weakesr link in ttle chain. In many commerciat end-"usesno \reak linl<:_are permissible, e.g. in shirtings, rr"rs"rire". ;;;

syrIr.ngs generally, heavy work cloths require higher standar;s thancloths.lor te[ure wear, but the principle is lhe samc_adcouate
ouraDrrrty depends upon adequate levels for each machinc'.cst_
lhese levels becrmc a mattir of marleting policy by manufac,rurcrs,of r.xritei inrended for spftifc ".d ,:"; ; ;"ltly ;t;il;.relaled to compla;nt level and cost. The exrensive tiiats menrionerl

l0-20

8- 15

t2 -25
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earlier have enabled many levels to be established for ensuring

satisfaclorv commercial behav jour'
'";;;'*"d;; i;;;i;;';J ro tte "o'k or Breens and Morton for a

-"*i.i"rr.a af"""ttfon of the B f'T' abrasion machine and the

1.".'.r".fJ,,, i..'.' and 6gure ofmern (se' also Elder and Mehra'

l. T.;. Intt.5?. T574 (1966))'

aIlE'PILLINc' oF FABRIcS

pillind i\ a fabric+urface fault characterised by little 'pills' of en-

'""ri""a-irr. 
.ii'*ir* to rhe cloth surface and giving Ihe gament.an

uns"ightly app"atonc.. lhe pills are formed durinq wear ano uasnrng

hv the enlanelement ol loose nDres wru(h Protrude from the fabric

srirface. Undir the influence of the nlbbinq action rhese roose nor€s

il.j"." r^." r-rrt spherical bundles anchored to the fabri( bv a

;;'J;;;,"il;.'ahould strav foreisn 6bres become Part of the

::;1.. ilil; ;;il' or the pirti mav differ rrom the bodv or thr

5".i'*i.,J tr,. fautt is emphasised Pillins has.lons qeen.recoq'

iised as a fauk, especially in fabrics such as woollen rnrtteo gooos

;;-";; ;d t*^is,"d varns, but the introduction of the neu'er

;;:#; il;; "pp."* 
to L"" assravated is seriousr'ess An

:i:i;;;;';'r'.,li,r woot the frbreiiri'h anchor the pills to the

;l#;[ ; ;;ilJi; weak and rhe pills break awav fairlv easilv'

iii"'.i'nu"" iit.'i";v1ene, orlon, nvlon, etc 
' 
arestrons and the

piff" t"*.U f"y.a to tic garment, accumulatc' and become mote

""d more unsishtlvl'";;;;il i;ft'.,,". the misralion of fibres from the consrituenr

"*"..H d;'rau;t"' ii r'rr'-'"tt'"' (he reduction or Prevention.ot
lirrr", ,n.' u .ri.."J uv .educing this m;gratory tend€ncv Tlrc

ii.'*.ii,ja, ,*J r..tua. 't' *'""r higher ruist factors. for the

,arns. the brushinq and cropping of the fabric surlace' ano sPe'rar

:;;;i,;..";;; ir' riiir;'''i of fabrics i3 dGcus<ed bv Baird'

iilii.ra. ".J 
rr"-;' 0. tut'i*t 4?, TlBl (lss6)) in a paper

-:iili ii"L -,;,i" .iri( i^r.i.' ..a. r'6- nvton andrvlon bler'ds'

ohc.onclusion reached was that pilling is reducd by-'ncreairng

*" ^1." filament drnier. The authors point our tha|th's rs ac-

' .ountia fot fv un in.rease in thE stiffne\\ 'fthe 
nvlon hbres' ma*rng

i."iil,'i. iim.iriil ire- to t'""a round each other and rorm Pills'

,*;; ;;-; ';;";[.."tt" ..ao.,;o" in Ihe number or nvron

i'il*'-",.,iat,*-r"*lie fou'ics' of'o"'"e' it mu\t be rememb$ed

;:;i#;;;;;;i';iiri"gi."t'niq,e i" u'ea, rhe rabric must not rose

its d€sirable handle or other qualities'

Prin, of Textile '21
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Pi inE krk*

fifi fr: 
"i#::'"i,;:i.iil..I:,1:i fi .:;.H ffi : #;';

-o-T,:p.d 
ll various raboratories. Afrer rubbing,,a., i.,l..rl.icondrnons.rhe p;lling ofrhe sample may t.."i"J *r.,:."ilr'i,clountins ih. number of pils formert ; atternat *ay,'rn.- )iilii,r"Jr

-tne 
tes.t specimen.may be compared with stand*a !l_plJ"lrry,*some torm ol ratinq.

,o'xffi iirT l:":{.,{f :,;*..,^".T,#il,iI1T., J;:::witl' iishtweishr square hotdcn uhich are keved * *,, ,i"i']lInave verrrcat movemenr bur cannor .,- 
", ,t.i. ".*. ii. ,rlpl.iare gircn 

-a-mulri-direcrional movement ,ra ,.. .rUf.a ,nuinir lstandard fabric, After a certain numher
examincd and,r,,.-*-i.. .i,iirJ Jjfil,.:li::"_*"" ;:Tjl:.:
say,.rn stages of 5O0 cyctes up to 3,000 * S,OoO, 

"lJifr.1"i" "ioevetopment of pills noted.

Frgd. 7.3I. Th., M.ttinztdL, *^r".,* r;:;:;:::!"Tr;; r::'
. Baird, Har6eld, and Morris describe an inst ument subsrahri,ltw$mnar rn prrncrplc to the above. For an abradant mareriat tt."",".1rc oz cotton canvas or the test material itself. Th" test 

"p..;*Jir" u..nounted on rccrangutar bloctu, I I in, x 2l ;., 
""a 1,f,..-"?*^number of rubs r}e number of pi -s 

arc *ri"a 
""a 

,.".ra.al ie..Se also

fim#sH##ik1#T*:r*r'':l':*';:i"n1;T;
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after I00.300,500, l,O00.J'500, and 3'0OO rubs ln their PaPer the

.",fro" ii.*" thi eflects on pitling of such factors as Protruding
nU..",.-ppirg. chemical rreatmcors. nylon contcnr of lhe blend'

ir,-"* .i.i"i.i. twist, sraple length. doublirrg teat' and othet

fabric orooerties and treatments.-- 
e a;if.rint upp'ou.t' to a nLrmerical assessmenr ofpilling i' used bv

rt. iori.., u"i'etti.a Tradcs Research Association The following

J."."ru"'i "f 
the H.A.T R.A method is raken from an artirle

."Ult'f..a ;,, the Hasieqt Ttude Jounol rJanuary' 1957' p 70)'
iPilling in Knitted Fabrics':

As is well apP.e.iated by outerwear manufactureB, the Pillins of
r^l;." i".*- ir-**ia"rablv aflected bv condnions of w€ar' \\hilst anv

.-"ls on pilline nusl alwar,s in lh' end be inr'rPrerPd in 
'crmr 

ofwear

conditions, it ;s obriouslv adsmtageou for e\Perimenral PdrPcls ro

"".lUtf, 
.-ul;". 

"" -irhod This should s;mulate nearine ronditioro

^ "t*ay 
* p*titl.. allowins LhF Pills ro be prcduc'd unda carfullr

ronrrclled exper;menr al rondi rions bv a conv'nientlv quick rcst lr is also

ifadvanraee'if the resultant Pilling can be as!6sed numericallv, s as to

.i". " -.^*.tr. irai*rion ora;trercnces ba*ecn iabric To ful6l rhes'

i;;;;;;;; ;p;;"atus ha! b.en d^iqn"d in rh' H A r R'A

i.t*,'"i- r". 
'r'. 

.'.ip"r;'on of rhe p;llins prop'rris or knirred tabris'
rr," i*,-nr"", **i".! 

""entiallv 
oa two circular plates to which the

kniita fuU;" -a". t..t i" attached. Bv mechanical movements thc two

ai.t ut t",ut"a i" un *illarorv manner in opposir d;r'' rions Durinq

.ach comDlele bacLward and foruard movement rhe PIa(6 ar' seParaled

i, ii."' "r." 
*"*,.i" .am ro allow remPora'v disensag'menr or rhe

s,irfaces. By rlis means a clean sinsl' p;ll is obr'ined ar rhe (entrc ol rhe

rubbed labric which can easilv be remo\€d from the fabric bv tt'eezcs
,"i ".iiiia "" " 

.^;". balance. The prll scishr afi'r a giv'n qumb'r of
.,t" -":" U. rat.n ar u -rasui-. of 

'h. 
pillins prop.rriG ot the fabr;c; rh.

hirher rir. pill 
"";ght 

the grarer rh' iendcncv ot the fabrk.to PrU The

o.k".. t"i.*, '[. 
pt"re can be adj'sred ro anv ddired value -Io Pro'

iuce pills rost closely reemblins rhN p'odrrced in wcrr' condrtron' or

low Dressur. are required.'- rii iai'-o* "i+*a 
bv rhis m'thod comPared {;rh orrr' "r'nd'rd

Dil[ns merhods-arr (l) The rubbing a ion hore 'lNlv simularcs rhe

i"iiLtti'. "",i". 
roivhktr knirred ourenvJr fab'hs aI( subjectcd in

*'.ir; tZl rr'" ."r'"a of arrachmcnt of fabrics, and rhe rubbinq q(1"-

arc ouhk and allow a rap;d asssm.nt oC r6ul1s (no'mallv about 300

ruLl"- ci,e. ro e,ct' fab;ic); (3) Thc resulg ar' hishlv reprcdu'ible \

"-Ji."it . 
"r-tU;"c 

rcsI! ae usuallv sufrcicnt to ot'tain a saiisL'crorv

numaical assace of rhi pill E'ishti (4) '{ccura(e numerical affim(nr
;. "*riil t, tr'J-.^".ement oipill ueishl I t5) Thc pilli produ"d ar'-

similar ro fiose obrain.d in u.ar. This i, confirmcd bv 
"ompar^on 

ol
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the hisrograrns of fibr6 tensths raken from pius p.oduced on a sivengarm.nr durins wear and $hen pilhd by m.a-s of rhe ins(ru;enr.
lAuthn\ Nk: The hi .qram referr.d ro arp frequcn.y d6rriburions of
6bie l.ngths, aDd rhc t&o disrributions a.e lery much aiike.I
It is pointed out by H.A.T.R.A. that the method of a standard

number of-rubs and aisessing on pill l.eight can only be car.icd our
under the follora,ing conditions:
(l) The labrics have the same 6bre content, i.e. all u.ool or all nylon,

(2) It. is. known from uearing rrials $,hat a given pil u,eight from
labrics ofdillerent 6bres means in tcrms of piliformati-on.

Th. I.C.I. p;llin! box test
The notes which follorv are talen from an I.C.L publication,
Pi ing - Mahods ol Tcst and Int$pfttatian of R€ruks.

It is considered lhat any fabric which pi s under rhe eonditions oI
test is not complerely salhfacrory, but interpreralion of lhe resul(s
should be governed by rhe foltowing principies:
(l) The €xtent ofpilling, exemptified Ly rhe appr.opriare srandard.

u rll nor be produced by every person bur onty by those s ho are
particularly hard on $e;r clorhes.

(2) Exper;ence has shorrn thal when pi ins doer occur is.t usultv
limited to rhe mosl susceplible paru oaa garnent. e.g coltan,
cuffs. pocker edges. front skirr panels. When, however]oilline is
severe under lhe.onditions oftesr. it is probabte rhat th; bod;ot
ihe garment will become an affected arca. and that the ium'her
ofpersons r^'ho rvill produce the effects is ako likcty to increase.

(3) From a pilling point ofview, shir.ts, btouses, tingerie, and dreses
are considered to be criri.at end-uses. These sarmenrs \iI Le
frequently Iaundered berrreen wearin!,;h;ie med;um and
heaayrrcight gar.ments u.ill not normalty be $?shed or cteaned

. with similar frequency. In this latter goup, trousel: and suits
are considered to be more critical rhan skirts, costumes, ind

. The merhod ofresr adopred is as folor!: a piece offabric measur-
rng r rn. X 5 rn. is sewD so as ro be a firm fir uhen placed round a
rubber tube 6 in. long, Il i,i. ourside diamcler. and I in. rhi(k- Thc
cut ends oflhe fabric ar6 covered by cellophane tape"antl four rut es
arc pJaced in a box (9 in. x 9 in. x 9 in.) iined $irir cork { in. thick,
u,hich is rhen rcrated at 60 rcv/min for 5 h. G"e Figure ;.32).
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lB! uua"t 'lJ'dt H Hdtaca Dq

fi|e.7.32. H,ot'' bUas bo'$ 
.

for sarmens norrnallv subiected to repealed tr'alhing as \vell as lo

".a.. 
"*ashine may be'desiiable prior to preparing the tubes oJ

fabric. Hence]ir is ihe practice to apply a standard hand rash in l
fcr cent soap at 45' C ior 15 min to Terylene/colion and Terylene/

\iscose shirt and dress fabrics, etc
After tumbling, the extent of pilling is assessed visually by com-

.ariron with rhe-arLitrarv srandirds 1,2, and 3 (see Figure 7 33)

Lnde. tesr c,,,ndirion. fabiics ofsrandard I be'ome hairv but do not

Dill- fabrics of Srandard 2 lrcorne hairy and pill slightlv, shile
iabrics of Srandard J become ha;ry and pill more severely'

Thz duPont ra on Pilu?tc t sht
ifi. i*,.. r'.s ae'alpea in the laboratories ofdu Pont de

-*.-."^ .ra C,o. of limerica and has been described by Baird,

i-.,.*. ""a Stanlev ( r.xr. Rrs../.26' p' 731 (lcs6))' A six'un;r

,..i.. i. u..a. cactt ",,ii 
consi'ring ofa cvlindrical chamLer 6 in long

t'v 5* in. inside diamrter. holizontallv mount€d, containing a two-

iLiii';*"iii.' *r';.t' rorates at 1,200 revlmin The jnside ofrhe
clamber ii lined uith ncoprene, about l in ri:ick' shich can be

chanped when ne"essarv l.to each unir-rhce 5 in' ' 5 in fabric

.u-oio are lood.a toeeiher rvith a small amount ofcotton lint, the

iutt.'. t.itre "".a 
beca'use the Pills shich are formcd lrar a closer



\Dt Mk, of t.c.t. Irnt
FieLrc 7.33. PitLi,s n6dods: (a) St@ded t; lb) stznt@d 2; (c) Stzntald 3 L olisirot
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rFsemblancc to Pills'formed dudng wear than those formed when the

lint is abient.
After I hr whkking and tumbling rhe test fabrics arc cxarnined

,nisr.,atly and compo.ei with standarJ samptes Five ratings are used:

(l) No pilling.
i2r Sliehr but tolerable piuing.

irj llode'ate pill;ng of borderl;ne accePtab;litv'
(4) Unacceptable Pilling.
(5) Extremely high Pilling.'-i"i....ai"i. riri&s ar-e pmsible. The average rating of at l€ast

rhree soecirnens. prefeiablv six ornine. isdetermined by two asscssors

"rJ 
r"!J ", " 

nsi* from which the fabric\ pedormance in aclual

.rsc -ay b" pr.iicted. Laboratory tesrs and field trials havc shown

that such prediction is reasonably sound.

FLAMMABILTTY

Flameorooffabrics are absolutelv nece"sary for protective clothing in

-,,v industrial orocesses wheri the chances ofinflammable fabrics

r,"i"l f.ir.a uri tl*n. f" lhe domeltic sPhere rnany serious and

t."'i. i"cide.,t" ate ihe results ofcloihing catching fire, e g a dre$s

i" i-snited when a vounq ladv js powdering her Ece and using a

mir?or placed ovei rhe-mantetpiece The notes which follow are

i",.ra.t. serve as a g ide to funher reading and mosl of the

info.-utio" t as b"." gaihered from the Publications of the British-

Standards Insritution and papers on flammabilitv in the Jounal oJ

th. Texlil, lnstitute-

So ,. d.fnitiorj and bns ui.d ftlai e toiannabilit,
it,,,inabb. A Aammable fabric iioni thich propagates flame, i e'

it contifiues to burn after the igniting flame has been removed'

Fto."-rtsito*e rotiog, ,t4. A 6gure derived from thc flammability
,.*;"" of futri.t undl "f rhe iu*e order as rhe rime in seconds

,r..."iarv fo. the p.opaqation offlame lO0 in in a \ertical striP'

ftane+roof. ,C' iani-ioof fabric is one which does not propagate

n"*.. i.'.. i"v flame soes out quiLkly rnhen the igniting 6ame is

"liira''"" ". 
,t" ***;il comptvi'ng wiih the requirements ofClauses

3 and 4 of B.S. 3120.- 
ii"^r-*tl,to"t. A flamc-resisiai^t- fabric is one whose flame-

resistance rating is high, i.e. above 150'
I"h., b na:,N-brc;f nabial. M^tei,^l \hich, although not

sutmitteito a name-iroo6ng Process, is flame-proofl
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Durablr iam.-prct nata1'al. Fla 'e-proofed matcrial which, aftet
being submitted to a washing treatmenr, remains flame-proof

Tcnporunb J1an*lnoJ nardrial. Material which compiies wifi the
requirements ofcladse 3 ofB.S. 312Q before, but not after, the pre-
scribed washing treatment.

Faaor s afi r r ing j aw-retit tanu
Some general conclusions on th€ factors which atrect the 6ame-
resistance oflabrics are included in a'report pubr:.,i.d by th€ British
Standards Institution, The Flannab;btf of Ap?arcL t .rris in Relation to
Domati Buning Accitunts, P.D. 2777 :195?.

F;brc rontent. The Aame-resistance ofa fabric i5 partly dependent on
the fibre lrom which it is made. Cellulosic fibres such as cotton, flax,
and viscose rayon give fabrics of low flame-resistance; wool fabrics .

are usually dimcult to ignite; nylons and Terylene, both thermo,
p)astic fibres, shrink from the flame and tend rot to ignite, atrhough
sp€cial stiffening treatments and certain dyes may result in thc
flammability of nylons and Terylene.

Ttl. ojym,lthatbeen found that for all practical purpllcs yarn
structure in itself does not aff€ct the flame-resistancc ofa fabric.

Fabrie stn/etwe. The flame-resistancc of a fabric appears to be
laryely independent of the matrufacturing process by which it has
been.made, e.g. weaving, kEitting, twisting, lace making, fibre
bonding, Ielting.

Fabti o.;ght. (t) For fabrics which propagate flame it has beer
found that flamc-resistance is related to th€ir 11.eight as lr,ell as to
their fibre content; for any given 6bre, the h€avier the fabric the
higher will be its flame resistance; (2) For a given fibrc rhe flame-
rcsistanc€ rating ofa fabric has been found to be directly propor-
tional to its \r'eight in ounces per square yard; a 6 oz corton fabric,
for instance, will have twice the flam€-resistance of a similar
cotton fabric weighing 3 oz. The graphs in Figure 7.34 illu.,. .re rhis
relationship.

Reieu of auaihbh nethotu of tu (Ftu,::. P.D. 2777 11957)*
It b not easy to measure direcrly the vertical flame speed over
rapidly burning fabrics as the flame front is not well de6ned. It is,
however, possible to measur€ the vertical flame speed indirectly by
\t;ghing the fabric continuously on a torsion balance $hile jt is
burning (see Lauson, D. I.. lvrbsrer, C. T.. and Cregnen. It..J. J.
.Am.ri.ao mctho.b {. siv.n in th. A.S.T.M. Haartb@k
A.5.7.M. D62CF55T, Fi,. R.ti lant p/opdtht oJ Trdtd nr . robri.,.
I.S.T.M. D123O6IT, FlotubilitJ of Ctothi,s Tdtit t.
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500

I

2

!

W.isht of rob'ic w + (oun'es Per 5q tord)
tDledto Bs P.bril'tiaa P-D 2777:1957)

(,, Nvrd ud r.rrd. rrb,l6 d. ,e:*",.:!",i'i"l,l"r.J.*ii"1".

;ist.7-l4 Fktu+ nk 
'otine 

ih utu aJ fohti' tuight

T.xt. ILtt.46,'f+53 (1955)). Thr veftical flame speed is then readily

:i;';ff;iil';;';;;'o'r ros or *eight. rhe i;it;ar $cisht or the

fabric. and the Eeisht of the residue'-ii;i;;';; ;Jt"' balanre procedure is ronsidered varid ror all

,"#';;;:ffi. t, i;;;*i 'i,r" 
i". practicar purposes in indr'rstriar

.'"'"alti."r. ft i, fact has led lo the develoPment ol altetnarrve

'.ocedures 
which are specified in detail in various Brrt'sh btandaros'

imons these alternatives are:
A';'?i"',,"J;;t;;; i*i- i" *r,;.t' the rate or Bame spread is

"' ;.i.';il;;;;;i:bric suspended vcnicallv (see B S 2e63:lesa'

T6ts fot th2 Flarr. obili\ oI Fabtn!)'
/r) il;i;: ;;;; ;;ic( rie ti-", i, r"r tt'e flame to traver 5 in't" 

,l'1.". i^u..r"tl*-'i ",' "gr" "ils'is 
measured in seconds'

il; ;";;;,,il;.; .ari"g."'u, i' then siven bv 2 5 < I (see

B.S,2963:1958).t
"**Llt:r"x*";l,.# -rf";f;:?:v;;xi"i5t,1l&#"n'"'
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(3) The hoop 

-test-in ;hich th€ mt€ offlame spread is determinedor er-lhe fabric mounred on a semicircul.ar f*;-i;.;::476:i9s5, pan 2rrhh is to be f",,.d i;i;;;-.;-il;il;ji,;.ir.;
1l.1lg^1, "^" read Lau.son. webslfr, and c*g"r.,.,;;;;

, All ul rhese have rhe;r meriu for special purposes. but research has

iffi il"(:i:ill::J".::;1;f*,xl]?.1'#it,f; ;if h;tiammable and. burn very quickly, but rt rs very good for stowournrng onesr rhe resutts yirtdrd by Method fZf ai, i"i"r,.ra e.li
:l1l:.,1:"-l ::,,*r.lt?l' wirh rhose of rhe torsion uarun.. _eitJLrrrougnour lhe \1.hole range of fabrics. Methods (2) ard (3);;;;;;
::l-10]:]T qhT $hich .drip'uhire burnjng. ril.,*,r,1 .il..i"usrnq lhe rors^ion balanr e procedure irave accoia;rgfy U..n pr.C.rr.Jas the basis ofconrideration by rhe B.S.I. Com*i,,i., 

""a ,[" ir-.]res'srance rarinss recorded in Fisure 7.34 
""a r"or* i.i.",J.iirvere calculared from such tests-

20% kml, 809" corron
2070 w@t, 80o: .o on
€96 w@1. 600./" corion
40oo uoor,60": coLr.n
lo"" 

"oot, so". *i,-.e
55oo ItuI,459" cotLon
60"6 ker,40;; .orL."
60% $@t, 409. colron
5090 uoot, 509" nvto,
50o. B@l.33oo Isosc, t79^ hton5!'; s@1,3306 nlton, r7dl^ ris6e
o/70 !6cor, 33% Fibrclanc
o/"; urok, 339o Fib.oian.
o/",l vs@r, 33% F,brotane
9/% viscorc, 33% r.,brcranc

(.zbt*)

56
48
45
50

149
50
44
59

213

56
63
77
7t
56

100

ryff;51i:rGt., 33% fib&ranq 17% Dyron

W@l polyaclyt@it itc
9l
9t

I25

Tabl. 7.5. DatdJd M*tt. Fatrnt

4.0
3.5
4.4
7.7
3.9
3.7
'4.t
8.5
7.7
8.6
5.4
5.6
7.4
9.t
8.1
9.0

3.9
64
8.7
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Tobt 7.6. Datz fol Fanftt T/.ot'd uih Fl4tu+6ilt4nt Pre'$4

5.9
6.3
8.5

j.l
8.5
9.9

12.2
5.5
5.7

3r9

cotron. Eriron (LiLsuard) t.@ted
Cotton, Erilon (Liftgxard) rrtattd
Cor@n. Erifon (Lifc8ua.d) tleated
Caovs, f,r'ron (Lilesua.d) ftar'd
tu(on. Prcban rreared

Visco*, Proban treatcd
canvas. Proban treat.d
Corton iwill, ft oban rrcatcd

Cotton, Anmamm t..aied
Coxon, Antiflamm reated

kent Ptogt.ss in fan,nabilitl ktting.
an inr..im reDort on hammaDrrtry resrrnq !!as Published in 1965

i; ;;; ;;:8.'*a iis6srl. B"iI' the i'erticar srriP test and rhe

)'.: i""i' *...'*.*;..d .'i,lliuv ""a 
se'eral recommendations on

i;;:''":;il;;.';;"e *..e -ad.. In Fer"'arv rs67 (he Framma-

;tl" i";;i.t- ilr;; esrabrished and in January' r e6B a-r-evked

ii'"i rii"i,'"sma;a ror rhe testins ot thtflammab;lit) of t'brics

;;;;ir;i;'ii. i; . Inst.5s, io, xo t 1ts0a;1' rt'"' "'t
methods are siven:
ii)ii?i. il.i*iir' ois mrthod is the rerticar srriP resr in whhh rhe
"''# 

"i p*p"#iion o[ the flame is measured in terms ol the

dhrance'in 
'miilimetres 

Per minute that ihe base of flame lravels

I"',"."rp fiij ."l lorlg and Ts mm $idc The time to trale!

h:.;.." i'," markers 500 mm apart is observed Th€ rare of

ilipisi-" l";;;;i"en as (500i0 x 60 mm"minute' uhere t

is in seconds.'' ciii. 'lir..-^;., derired and reported includes the duration

"f:"ii;'-d;;;, t.;. the time in seconds that elaPses. betw€en the

'-i-",^r'.r li. "',"J;rd 
gas ligbting flame and the.flame ex-

,;a1.. 'A{ter-plow' is also noted -lhe time in seconds oer\reelr

ii"iil"*,r"ii'*"..i *'..'a.r^"v gt'"i'g rhe extent.orchar'

llil;;;;';;iJ; i;ns$' rhis is the ditrcrence in mirrimerres

;:li:.-"'il;;t-;1.;;1;en rensth and the undamased Iensth

.i rhe soecimen.

^,,;;;;:A';: 
il.t*, parricularlv rhose rnade rrom thermoplastic

"'.,,il... il;; ;;ii ;n ' -""'"i'nt -unner ror a sarisractory

:H;'i:i;:;;:,;,r,.v '".r', "u"r or curr awav rrom rhe
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flame. ln.M?thod B the resr specimen is hung in sheer form and rheigniring flame apptied at rigir-angles to Lhi sh.., 
"rd 

;;;; ,; ;.bouom edse. The amounr "f dam-ae. rrd ,i",.,rk;; i;;;;;and reporred.
-\Iethod C. .This tesr is concerned with rhe transmission of flameacross pile fabrics.

\Vhere required rhese flammabiti
aft er.!,ashins'an; ;.y".;,i;;.;I;::il,,[t #il,]'r::Xffi::
rhe durabilir, of any fl ame-reJistant treatments_

Cancluiau fron a"aitdble data
.lll .ellulosic mdrcrials. sood. prper. rnd lexr;les, propasare flameat a rate shirh ;s invers€lv ,-""";r.f ,. ih;;{;:;;'r;;
area. In fact, a Lrs.frl formula to harr rn mrno,or colon an.lr iscosc rayon fabrit s is

wt. _ 9.3
\ her( ,r7 i5- lhe s?ighr in ounces per square yard, and

c, r_,rs rne lertrcat fiame speed in inches per second.s'nce lhe flame reskrance index M h the t;m; taken for flame to bepropagated vert;calty lO0 in., the abovc result _"y b;l,;i;
M : to.Bw

_lh: cgr,responding rxpressions for other fibres have bcen deter-
l,l:S, " 1,h 

tess preeision be<ause up ro rhe pres.,, i, h;;;;;;;"
p-olssrore ro 

lresr such a-u.jde range of materiah as for rellutosic
Decause ot lhe variations in the ,esulG tor variousth(rmuplasric 6bres. The touowins reladons ;;;;r;;;;;teDtatively:

l/l . I or _,t1 . . t2.5rrl (uoot and cofion mixlures conraininq
up 10 bO per cent wool,

tr y : J or .U - 2i ,/ rsitk and a.etate)lt V - 2.9 or ,41 = 35,r, (woot)
These figurcs \a,ould indicate that for fabrics of comparableq.eiqhts. wool cotton mixlures are aborr a" na_mut t. u..oriorr.,isrs.ose. t he.lower speed of propagaiion of fl"*. o".. ".;i;,;- ;ii"ano \Lool rabrrcs rs due lo the fact lhat they melt and drip durineburnins., and as each burning d,ip f.us thJn;;;;;,";;;:;:

lil'J""T.*-*, 
some or the-heai from combusrion h.;t;;;;;;

_Eabihs 
comprising mixtures of fibres have a flammabilirv inte.-ntdtate betwren lhat oftle two 6bres, and very.f,." J*"i,iri"ii.ot the more flammabt€ constituenrs. i,r.e 

"ylo" ""a 
f..) i.r. a;
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n^r n.oDasate flame continuousty in a vertical direction' bul some

"I"'*"i.ir.. ,t,*. nbres q'hich have been stiffened u ith nelamine

resins do propagate flame.

Flan.-brcofine and ian.-r'i'taa! inih?s
i.*ii .-'rl.i."r" n*h;ng procers" have be'n develop'd wr ich

.-Jarl.e the flum-uUifitv oithe treated fabrics Marsh dis{ usses some

"i-,f*t. oto,*...; An lnttaduttioa to Textile Finihine Some.recent

;;;:;;;;i;;",. red 10 the inlrodu(tion or such finishes as

:P-;;:. n;,ifl;;-', and Lifesuard'and are mentioned in the

ri.'s.il",tlr"",r., p i. zzlt,rcsl' Generallv 5peaking in addit;on

i. 'J'i.j^* ,i. n.-.abililv oI the fabric such Gnihes should

iii;;;:;;*, .nd ,'oi disuppea' at the fi$t laundering or

cleaning.
(2) Be non-toxic.
i3) Be non-irriant to rhe skin.

i+j i.r,. ,r,r. handle and orher desirable fabric propertie' un-

atrected.

,wATER AND IABRIC RELAT1ONSHIPS

The merit of a fabric intendcd for rainwear, waggon- covers' or tents

i.l-"in.a. .tno.e" o,t'er propenies' by its ability to-keep taterout;
..i"r.L".tv. "t.n ;nt."ded for hbse pipes or cansas bu'kets! to k€eP

.*i..'ir.'f" "t.tft- 
airecrion. somi fabrics musr exh;bit the ability

.. ,i""iu *"i.' .^oiarv, toweliing being an obvioLrs example Lirer-

;;';;;"",r,.',;;rI a;i -",*-r."t 'i' rerations rends to be a r;.tre

""-*",i." 
't..",'J .itt e terminologv emploled e g labeh on rair'

.""" -i, tu, Stormproof'or 'Shoser?roof" B€lore drscussrnq lne

-"J.aIlrtl,i'* ir.i propenies h *ould be 
'-rserul 

ro look at a few

iai"-i""" e,"l"li-z; ind Dcinirbrtt,3rd Edn' 1e57' pubiished

hv rhe Textile Institute."' i)ii :"','it i',,i1. To rreat textile materials' e q s ith. ltt''

";;;1.;-.;;.': ; r'event (he absorption or$arer' rhe 
^dditions

-""-d."rr.ri."i hr-'" o. .*t;ns o' mav bc phvsicallv 'omhined
Thefeari.,.. ofu'"t.tproof lfabricl isthe lorr dcgrce ol PFrmeao'r'r\

'o iio"r trtrr.l (\erb). To treat texr;le marrrials in a manner t'
d.i;;ih:;;;.;;nd penerration orwater' The rabrics relain a

;;:;;;;#;iii;io Ii'. Not., sv p'op'r chohe or6br^and nr

y.i" ona'f"tti" consiructions, cloths can be made khrch ol rnem-

selves arc shoserprool
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. Wab-r.pr .nt (^-djective). A slate characterised by the non-sDrrad.
,ng or a glooure ot uater on a textile materjal.
. These definitions show the trend to rcstrict the us€ of the term'rrarerproof to fabrics in which the spaces t.t".., rt. ni-."r'"^jthreads have been filled u ith rhe rubber or oih.. pr*firg _ri;;;i:Since the [abrics are almosr impen.ious to ai., 

"r.i, rnr,"i.f. ',r.,lJDe uncomlortable to uear; in practi.e. where lhese materials areused ror outer wear. -it is usual lo punch ventilation holes in rhegarmenr, e.g. under rhe sleeves.

. The lerm 'weIlabiliry. is not defined bur in general one could savrhar the timr factor is invot,ed, i.e. the rate oi;;il;l;;. ;;;JJ
be'ng consjd€red. Different resr methods -"y ,irn. jin".r.ni oli."",_mcna and hettabitity. may be giren different .*rirgr, it,li;iri
rr ill.be .harer uhen the relrvair rest merhods are des"cribed. '

^"Tll: 
ol:ll.l 

"":n, 
rex, ire. mareriars ser !tet is a comprex version

:i ,1. 9.,:'"1. probJem of how riquids wet sorias. r'n standarJpnyncs rexrbooks such a! C. J. Smith's Inr./z?diau p@sis, a ctass:tciapproa.n ,s mad. and rhe solid surface considered ii asLjmed to besmoolh. More advan.ed papers discuss rhe wetting ofroush . rfae".and q hen lexrrte mareriats are stud;ed thele is, in ,aairi6"-r" 
" 
,.,,.i

sur,a(e, a porous-surface to complicare rnrrr.rr. f.*tite r.<t no.i_

:gl,l: T,,:l rhererore. appry rhe fundamental principres ro sorvepracflcat. problems. An excellent accounr of work done on theserfnes N g,ven by Baxter and Cassie (J. Tazt. /"rr. it6. T67 arcasriwnose B.ork rs atso described in Volumes 2 and 3 of h/oot R.s,;;li(W.I.R.A. publications). The work and conclr.i.* 
"f".;;-b;;;ires€arcn uorkers iq cons;dered bv KarueI in his book. T?.xtitt Fibrur,fdn!. and Fahr;^

Fieur. 7.J5. Cntdct anet ,

^, 
Bcfore the variour tesling mrrhods are descriLed a look ar some ofuE Dasrc concepts ot werLing and rr.ater repe)lency is suggested.suppose a drop of$.arer is put on each of threl. r_."ri 

""ria 
!i.rr.Iarc rn each case its behaviour obse*ea. tt muy ur.rrn" a" ol_o"ispherical shape. Figrre 7.35(a). it may become nearty n"r. n",,../.rr(c), or rt may assume some;ntrrmediare rorm Uirween ii*"
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t\do extremes, Figure 7.35(b). The angle , is known a! the'contact
angle' and may be defined as the angle between the solid surface and
th; tangent to the water surface as it approaches the solid, rhe angle
being measured in the water. As the water propeties are thc same,
the differences in the behaviour of thc drops ofuater on the three
surfaces must be due to differences in the properties of the lvaterr'
surface combinations. A solid surface on uhich a droP of water
lorms a sphere, i.e. shows a high contact angle, .1'ill tend to shed the
l{ater, the drop will 'pearl' and roll otr leaving the suraace dry.
Where a low contact angle occurs the drop sPreads over the surface

and 'wets' ia.
A5 an illustration ofthese effects, two microscope slides should be

prepared. One is thoroughly cleaned and the other given a thin
coating ofparamn \{ax, A small globule ofi{ater is placed on each.

On the waxed surface the water will become nearly spherical and
when the slide is tilted the rvat€i will roll away and leave the wax
s\rrface dry. The drop on the clean slide will lpread out and u'et the

'slide.
It is natural to ask why different surfaces should produce these

varied efects on water. The ansser revolves around the mechanics
of surface energies and surlace tensions at intirfaces, arr interface
being the sudAce between xwo media, e.g. solid-liquid, liquid-air,
solid air, etc, The mechanics of these interfecial tensions and ener_

gies arc discussed in detail by Baxrer and Cassie who extcnd the
th€ories to the problem of wetting rough and Porous textile surfaces.

In their experimefltr it uas observed that with a watcr repellelt
material a high receding contact angle is exhibired. Contact angles

may be 'advancing' or 'receding'. The advancing contact angl€ is

that shown $hen tbe liquid advances on to a dry surface; the reced-

ing contact angle is the angle \r'hen the Iiquid recedes from a $'et
surface. Baxter and Cassie give as an example of a high advancing
contact angle coupled with a low rec€ding contact angle, the angles

shown by a drop of rain rolling down a dirty windorv pane.

vr'atuB oj Fal,iet ;n Rniz (From Baxter and Cassiet paPer)

'No wetting ofa porous surface takes place until pearling ceases as

during pearling ail the water falling on to rhe surface rolls offand no
water fiIms are formed berween 6bres. A drop ofu ater falling on to a
fabdc wilt penetrate most deeply into the pores bet\^'een the yams
The abilitfofthe water to withdraw lrom rho Pore deP€nds on the
yarn-water rcceding contact anglc being high. With a realonablv
prooted labric the initial yarn receding contrrct angle will be high
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and this ensures that the water will contract out ofthe pore into the
drop and p-earl off.Ar su(.essive drops tall into tte sa-i por., *urc,
hlms are Ibrmed berrecn some 6bres, rhe yarn. watir recedine
conta(r angle decre""es and lhe haler will nor be wirhdrawn com:
pletely from rhe^pcre. Succeeding drops fatr;ng in rt e pore -;irihe,Ibrce thc water furrher jnto ir and rhi water will wirhdraw to a less
extenr becaus€-the yarn- M ater receding contact angle has decreased.'I hrs process of penFt,acion of rhe fabrie by rain w-ill conrinue untitthr kineric energy of rhe falling drcips is not sufficient ro force ttre
wate, (olumn de€per inro lhe pore. When lhis condi(ion is attained
theabsorprion of(he fdbr;c uitl have reached a lirniring value anJ
further exposure to rain u,i1l resulr in no further absorition. If tie
thiclness-of the fabric is greater thar rhe maximum aeftfr of pene-
lration ofthe drops. no watfr $ill pass rhrough, buL ifthe rh;ckness
I s, ress, 

.penetrahon ot rhe \aar€r through the fabric will take place.
lhus the maximum absorption ofa tabric and the penermriJn are
determ;ned by rhe 6bre-water advancinq conracr angle and rhe
physical consrruction of rhe tabric. shi[ rhe rare .f'pjck_;p ;i
water depends on the effecti\ e receding contact angle_ d and its
decay with rime. ft ;s necfssary lo concl,ride rhat c pra-cricat le,t f;
water repellency should be influfnced bolh by rh\ effective advan-
cingand rcceding contacr angles as bo(h are equatty impo,tant in til
wethng ol a l:rbric in ra;n.,

M.thad. of t ttine.
Th. uptting tiru lrrl. Th;s rest rvas deretoped by Baxrer and Cass;e
following thcir research work on warer .ip.ff.""y, ffr. 

"ppu.ui,r,used. rhrows- an enlarged image of a strip ;f fabri;. .rd_.;,'., ;i i;
slowly withdrawn from rhc surface otwater in a sma rank. DhtitiJ
water at 20",C is used and rhe speed ot withdrawat ;r I mm/min. At
lhe siart ot lhe test a Iarge receding contacr angle is seen but afrer a
limej noted by a stop wateh, rhe anele decreascs to 90 deerees lsce
i igure 7.36). The rime raken to drop to 90 degrees k caltedihe .riet-
ing rime'. In a series of compararive tesrs ii was found that thi3
method u'as rhe most sensirire to assessmenr ofproofine efficiencv on
heary wool cloths, whereas on cotton fabrics ati ,t *. i,.f,"a" ,!J,
wetling time. hydrostatic head, and the Bundesmann, ranked thl
labrrcs rn roughly the same order.
.Amdicad m.thoak arc desaibed i\ A.S.T.M. Ilandb@k.
,{17-,,rr. D583 -58, Wah tusnbu. o! T^nh Fabrrt.

B.S.3,r,t{l:t96t Tn Rinbu. ol Fdb,t, to ty.ckr ttuo+tbn tst.ti. Intulb4 n:t)-
B.S. Handbook No. I t, p. 327.
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A de$iled description of the apparatB is given in Baxter and
Cassie's paper and also in Volumes 2 and 3 of the W I.R.A. hand-
book, Vr'ool Research. The wetting time test is given on p. 337 ofthe
British Standard handbook.

Fisur 7 .36 Tlu 'wttins tiru' t'st

wettabitit! oJ Cotkn fabticr. The contact angle is again considered
in this test developed by the Brit;sh Cotton Industry Research

Association. A drop oI rvater (or sugar solution) i5 placed on to the
specimen fabric rhirh is mounted horizontally. The lime taken for
r'he conlaft angle to drop to 45 degrees i5 noted. The reciProcat of
the time taken is called the 'wetting v€locity' or simPly 'wettability'.

Thc sfiry kst.+ In this test a small-sca.le mock rain shower is

produc€d by pouring r.later through a spray nozzle. The *'ater
lalls on to the specimen thich is mounted over a 6 ifl. diameter
embroidery hoop and frxed at an anglc of 45 degees (see Figure
7.3?).

To carry out the test,25O cms of$ater at 70o F arePour€d steadily
into the funnel. After spraying has finished the samPle holder i3

removed and the surPlus wat€r removed by tapping the frame six
times against a solid object, with the face of the sample facing the
solid object. The taPPing is in tivo stages, three taPs at one Point on

the lrame and then three times at a point diametrically opposite.

The assessment ofthe fahic's $'ater rePellcncy is given by the 'sPray
ratins'. Afier the removal of the sr-rrplus qater ;s accomplished rhe

'fab, ii surface is examined risuatly. The American Asso';arion of
Textile Chemistr and Colorists recommend the use of a chart of

+S.c B.S. Handbool No. ll, p. 330.

Pin, of Textile -22



photo$aphs aSainst which the actual fab c appeaEnce is com-
pared.r T'he ratings arc as follows:
I00 No slicking or w.tiing ofrhe upDer surface.
90 Slight random srickirg or wer.jng ofthe upper strrface.
80 Wrtting oI upper surface al spray poinls.
70 Parlial welring ofwhole ofupper surface.
50 Complete wetring of whole of upper surface.
0 Complele wening ofwhole ofupper and tou,er surfaces.
Five tesrs should be made and lhe nearesl raring assigned to each,

since no interpolation is allowed, i.e. a rating to. i sp"ii-e" .r"noi
be 75, The mean of the 6ve ratings is reported.

326 IRINC1PLES OT TIXI'LE AESTINC

Fisut T_37. Th, ,pq t,a

Th, drop t st ol drap p.netrat;an tcst. lt wzs noted earJier that in the
init ial stages ofwetling the drops of $ aler pearl otr rhe fabrie. but in
trme pearlrng c€ases and the fabric becomes wer. The drop rF,r is a
count of the_ numler ofdrops required to penetratc through to ih€
unde$ide ofthe fabrh whpn atl the drcps fall on to the sJme spot.
rBriu,h Spay Rd,ing:
l. Comple!. ycninR of,h. whot. ot rh. sDrav"d 5uta.e.
2. wc ing ofmo'. rhan hatfof rhc spray.d ;u,facc.
3. \,'r'.r!ing otrh. spray.d 3urf(. only ar thalt dirret. ed.
4. No BdrinE, bur.dhcFn.c of 3ru depr to rh. spr.ycd srfae.
t. No w.'ring and no adh6.ncc otsruU JrcPs lo !h; rpray.d 3u!fac.
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The apDaratus used rlay be quite simple, but a number of re6ne'

ments have been devetoped by various laboratories (see A.S T M'
Hondbook- o. 222 (1954)\ .

1.h. basi. uppaiatu i" shown in Figure 7.38. The fabric specimen

is clipped on ioa etass p)ale with a piece of6lter PaPer sandwi'hed

betweln rhe fabni and the glass. A frame holds rhe asscmLl) at an

anele of 45 deqrees directli under the drop-forming device' The

lutier it preprtid from a 6ne'bore glass tube to produce a tenain-
nr-be. of diops ofa given size in a minute, with a co$tant head of
r,ater. To ensure thaithe drops fall on to the same spot, a drauSht

shield of ]arge diameter is used
With the ioecimen in posirion lhe waler supply is started and the

drops l-,eein lo fall on th; fabric The end'poinl ;s reached when thF

Elter oapier shous siens of satcr, a mirror underneath rhe spe'imen
....-Lli fu.ilirares obscrlation. various rnethod' have bern tried to

determiire the end-point uirh Reater preclrion One method is to

,se filter pape. impieqnated wirh a chemi.al whirh changes colour

"h." ".t', 
..e. cobalt'cuoride turns blue. Alternatively' the lvalrr

could be tinted, Another method is to use a pair ofelectrical contact

stiips und€I the 6lter paPer which has been impregnated with a

ttltn 7.)3. Th. tiol lddrution k:t
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solution of sodium chloride and dried. lVhen the \.ater penetrares

lfJ f1b.i1 ,,!. ".r fitrcr paper Lee.mc. u .on6,.,o, ,^d ; i";;1;
the c,rcurt lrqht5.

.. 
Delails ofthe drop size. , dre ofdropping. hFiqht ofdiop, and orh"r

drmelrsrons are not given here since differenr laboratorles mav use(hfrr own. In many conlrol schemes rhe determinations ari not
rnlended 1o provide absolure values but lo give (ompara(ive values
oo spe.imenc tesred und€r nominally identiial conditions.

..4 more clabora(e appararus, using drop-torm;ng rubes and a
'Jrflerent mflhod of measuring rl,rrer penelrarion ii descr;bed in
A.S.T.-V. Haadbook, p. 222 (1954). The water uh;ch penerrales rhe
sperimen is collecrFd and rhe rime taken to collecr l0 cm3 under
speciEed conditions is obsened to ihe nearest second.

Ttu.Bunde,nann 1,,r/.* Bolh the spray and rhe drop penerration
rests simularc rhe acr;on of rain drops faling on to ; iabric. This
approach to (esrrng tbr water repeUency is carried a srage furrher jn
rhe Bundesmann_ re$ introduced by Dr. Bundesma; (M./iard
trxtilb.t..16, p. I28 (t935)). Briefly, tabric specimens are mounted
over specral cups or bezels and subjected to a shower ofwater from amulrlnozzle drop producer. Warer rah;ch penetrares rhe fabric is
.oilected in rhe bezels and measuredi so also ;" *e 

".ure, "t;cf, is
retained by t-he fabric specimen. The general arrangemelt of rhe
tesler is seen in Figure 7.39. The shower producer is-mounted 150
cm above the four bezeh rahich are mounted on an assembh rotarine
slowly at 5 rev,min. As rhe fabrics circulate;.,h. 

"h.rl,..'.i;",;;:sperial wipen inside thr bezets rub the unders;a", ofrl. rp.. rnen" in
order.ro reprodu.e mechanica y the rubbing.c(i". *hi;h . 

".";; i;pracu.e \,r'hen a raincoat h worn. Ttris rubbing action \1ilt help lhe
uatcr to penetrate the fabric.

After a l0 min shower of controlled severity the fabric specimens
are removed and rvo values determined: , r(l) Penetration. The \a,ater collected in eacir of the bezels is
m€asured and the mean volume calculared to the nearest millilirre.
(2) Absorption. From rhe weight oleach specimen betore and after
the lest rhe percentage of waler rerained by each specimen is
calculatcd.' 100 ,/ \fight ofwarr absorbed

Original weight of test specimen
The mean of the four rcsule is calculated and
nearest I per cent.
.B.S. Handb@t No, I l, p. 317,

rePorted to the
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l8t a! ',olc@dh 'a 
{a d tud)

F;ru/. 7.3g. Th.'Bund.tnana' tlt'r t'll?n':t h'ths nD itu

From the above dercriplion rhis tc't sould secm suaighlfor\{ard

.".""i. U",1" *-..n ivirh orher'realisric'rests a certain amount

;;.;iil;;--;', be excrcised in Ihe inierPreration ofrhe.resuls A

roecial rechnical committrr of lhe Tertile lnslitule organrsed InIer-

;I;;;;;i;t"L;; this test (see J. r$t hl't 44, sso (rs53))'

i]ili.*".t l, the Ie"ults obrained-rrete intestigarcd and in turn

,ii.l.J i. tii e".-"r.tion of a recommended re:t pmcedure \Lhich

should reduce the variation. The te'l Procedurc it lully pr esenreo In

ii'" ii3. i""au""r. 
""d 

the reader should consult this for details' but

i.-iif"r,..." --..f ,f,e points which require careful consideration a

few oflhc recommendations are quoted here'

iemperature ofthe water, 18-20" C'
oH of the uater, 6-8.
hare of florv, 62 6s ml/min Per bczel'
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Drops to be uniformly spaced and to be ofaverage \|eight 0.075 a0 00s g.
fahrics ro be conditioned for at teast 24 hr in a standard atmosDhere-
Specimens to be \Leighed in airtishr conraincrs.
Surplus rrater ro be removed fy six sharp shales wirh arm our-
stretched in a horizonral oosition_

Such.altention to detail. plus accuracy in rhe dimensions ofmecnanrcal parrs. and control of specds. etc., clearly demonsrrares
the need for caution when inlerprering lhc rcsrls oi un aoou..nrt,
$mpte imiiari\.erGst. Baxter and Cassie point out that thj kinerii(nerg-y ofrhe Bundesmann' drops is aboui 5.8 rimes the value for a
cloudburst. 9l times rhc vatue for heavy rain, 480 times rhe vatue for' moderate rain,.and 2 t,ofr rimes the vatue for light rain. Like other
rorms ot rm[arive tests, the intensity of rhe acrion is exaggeraled in
order to reduce the time talen for a tesL

Th. p.uttatian ofJabn$ bt uabr undd b/c$ut.
The pressure required to force water throuqh a fabric ma! he
d€termined, and rhe information ui€d is rhe as"i.."., .i.f,.-iiU.;J.
ability ro do a.parricutarjob. From exp€rim.r,"t *..1,B*i;r-;;j
Uassrr concluded lhat such a measurement is insensirive to differ_
ences inrheproofing ofsomc fabricssince the resulrs are influenced io
a,large,degree by lhesize ofthe pores betwen the.omponent yu.nr.
-\everrhrtesst the resistance ro rhe passage ofu,aler ofair_Dermeabl€
rarrncs rs usetUt informar;on to rhe fabric technologisi. In B.S,

?8:3:t:51., !,:ut:.,w .!I F!b!.i, !, p.,uttotial b) wai (ufi)",iti
tl.ad t6t\, B.S. Handbook No. I l, p. 324, a descriDtion k-piven of
rhe te-n merhod. Shirtey De\elopmenis I-td.ow'man"faiture a
surlable apparalus which complies Lith lhe requircmenls of this
standard. The follos ing description ;s rakfn from a pubt;cation Ly
snrrley Llevelopments Lrd.

The main fearures ofrhe insrrumenr areshown in Figure 7.40. The
snec{men,hotder consisrs essenrialry ofa doubt.-.h..;.,J .;ii; iil;
rniernal diametcr o[ rhe inner chamber A is 5 (m. Circutar speci-
mens are.clamped berween rubber gaslets over rhe orifi"e. iom_
pressed arr enters thc outfr chamber C through a tubc B and dis-
places th€ distilled water contained in C thrJugh 

".-;r;i;.,;passag€s into th: inn€r chamber A, rhereby fo..l"g *rr.. "ti;i;;i1l:."p."iT.1: The ciamp is.provided wirh a skirt-E which pr;\ enrsarr,rom ledkingr:onlinuou.ly arross rhe lest specimen from C ro Aor to t1le almosphere. Tubc R is also connecled ro a U-rub€ mano-
meter D and the pressure ot ..cr against the fabric h, Ibr all pr;;-
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ticar purposes,"the Pres** in'Y'."-" *'-'"1i::rbJirT:]',il"i:li.. one arm of the manom€ter tuDc lne
;.";;;;; ; ..".*oi. "r uu""t 3 I caPacitv uhich. is iself fcd

ihroush a flo* control device F fmm a source whrch may vary

ilili.,l?" i ",t zoliiir;i. rhe flow contror de";ce is !o dcaisned rhat

;::iil;il;i;;ive rhe required rate of increase orPressurcof

iii':i'.ii-;;;;;1;;te. the 'rarc of loading will be within the

.J..ii.Jri-;" .i r o + 0 5 im/min up to the limit oflhc instrumcn!'

ii. -"*i-"- n*a 
"ttainable 

is 150 cm of Iater'

U
H

Figu,t T -40. Ttu'Shnlr' b&ottatk h'od ktt

T.!t broccdur.. Circular specimens 6 cm in diameter are cut from

,-"';l.s# ';';";;a';"',,.r' " 
wav as ro rePresent the marerial

I'l;i.[i. * r"irr.' p.ssible. Thev mav be marktd with a temPlate

^-r -.,r ',iiL - i.$rq with as little handling of th€ material as

ilirii". ". ii,* ;;, be fut directlv nirh a circular knire' The tcst

i.ll i''.i'".i ir;-'it lv *'iLh disrilied water and 6lled to approx-

;;;;'6:i .; of the iop The inncr rubber ga3ket is thoroushlv

Jrii6v *ipins *i tt . clian absorbent cloth and a test spectmcn ts

ro0
llr:o
rrSo

["
Iro

IL

lt

il"
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Percolatio. : 
- 

mlr,l,ooo sec ar I m $.arer hea.t

in giqms collected from four spec!

for measuring the performance of
cloth. s.arer buckets, erc. Details
200 of the B.S. Handbook (1956

Sin*ine hst
A €imple tesr. of $,eltability of fabric is to c{rr small squar€ speci_
mens, €.9. I in. x I in., and to drop tbem on to lhe surface ofa
beal(er ol warrr. The rimc takcn for rhe specimfns lo sinl. below the
surtace ls obsen,ed, rh€ shoner thc rime the grearer lhe 1\firabiliry.

332

laid.over the orifice. The clamp, which is simitarty dr;ed. is ptacFd inposrr,on and xreued doun. A conrrol rap (nor.hou.n in Firure
7.40) h rurned ro position -\o. I; this m;n; ,t "i it . .i. .,"i,r"
manomerer, and (e.t cell communicare. Th. pr"rrr.c., ,h.,;i;;
surface of the spccimrn is allowed to increase ir rhe 

"pc, 
ir,cd .ate ofroadrng untrl. wat€r appears al a rhird ptace in the iper imen. I heconlrol lap 

.is rhen immediaicly turned 10 posir;on \o. 2. Thisarows,rhe air suppty and rhe rest cell to disiharge ro armosphere
\\ hrle rhe manometer remain. at rhe pressure at u.hlch Lrreakdor, n ofthe tfstspecimen o((urred: this ralue can rhus be nored rr lei"r...
^l 

he manomeler scale is designed so lhat thqhydro:tatic head mar l,e
'rom 

one arm o[rhe U.rube manomerer ro t]rca.(ura.\ rcouired h;B.S.2823:t9s7. i.e. ro rhe nedresr O.s "-.f"",.,. i(.-,;;;.1 ,;;
rs next turned lo posirion No. J s.hir h a o$s rtre manom.ter rI
dacharge ro armo(phere. The resl specimen is remo\ed, rhe u(.duater lhroun a\ay, Iresh d;stilled water is poured into rhe 1e,r, ([,
and the cy-cJe is recommenced. A satisfactory mean ma) gcneralt,. beobtained &om tests on eight specimens.

't hc uotet ?etualotian tclt
Afrer. being lrsred jn rhe hydroslatic head appararLrs, rhe .anqotes
may De rmmersed in water for 24 hr and rhen subjecred ro a heaj of
100 cin ofwat€r. The amount ofwa.er which p*J.r"* ii*,ghir,.
fabric in the first 500 sec is coilected and meai,*a. ff. p"r_i.,i."
may be expresed thus:

3.92

$her€ & ia rhe weight ofrater
mens in 500 sec.

This type of test is suitabte
fabrics intended for use as tent
of the trst rill be found on D.
Edn.)
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Wrttins bj *-i(kine
ii. 

"B;ii,r "t" Lr,'i. ro aLsorb warcr. esPe'i2llv bv a 'wick;rrs or

caDillar\ action, mav Lc ^l^cned by timing the rate at \!hr'h \\aler

";;i," ' 
i* ;",..'" ;, io or fall ir su'pended I erricallv \^ irh iti lower

""l ii#* i,i. ,rl."irc. p". co'ni' w 7c't Lab' rtan 'P tls\ '
i;";Ji.[.;;.. iusr ei\cn a simp]e abrorption rFst ;' describcd A

i;"-. ;ii;;;i;, r;;.'. z rn . ;, r,ttv i*-'.sed in warer at 20' c ror

;i*;;.";;*4 u"d 
"e;eh"a. 

riom;rs Inown dry weieht rhe

;...;; ;.,;; .r,"o'r.di. calcura*d. carner stares that qood

I*'*iiine"to,la ub'o,b I0O per cent ofits o'n ueight

e"i.'lri" *."ra have great technical merit if its dimersions ne'

;";;;;"; ;'""giout its useful life suits would retain their

.i,."i "J 'r,r." ".,ra;etain 
their size if fabri's coutd be produced

-ii.i, -"i"t,i,.a their or;ginal fini\hed .elrinss One ven' imPor-

i,"iir-.",i.".i.r,."ge is tiattnhich occun r''hen a fabric is *'ashed

,s.e Fisure 7.41). It is common pracrice ro l'lrry shirr'g and similar

li.ir,."l-iit,r" ". tt. raree "ize inihc hope that afcer a feu washings

'i., ,iff i..1. .r,*rl,o"rhe dcsired fit ir is not propo'ed to.qo irto

rheiheories of <hI inking or lhe technologl .ot 
ils Pre\ cntro'' but 't 

rs

necesary to define rhe different twes of shrinkage'

Figu.7.4I. Ttu ttuih*ag. that-r. Not' tht inc/'e in u$ ni4p paedtos'
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tulantion.. Dutitg rnanufa(ture. Iabrics and rheir comDon€ntrzrns are suuJecrtsd ro applied r.nsian under varying conditions oftcmperature and mojsturc conrent. In rt_r. n.;"lJa 
"iut" 

tf,. f.-U.i"may be temporar;ty ,ser' in a slreiched .onah;on. Wf,en ..i_o *,""oricusseo earrr(r rt !r.as nored rhat such stretching upsets rhe baiance
!f',zrn.ana \,eft rray crinrp perccntages. rn. r,i,t ""a *.i.",_drrtons ot sashing a ow the srrains to rilax and rterefore the mli-eflar snnnks. (shrinkage due io )-rn sselt;ng is discussed in rhe
se< tion dealing w;rh crimD.)

Fcltiry. \yool fibr.es posses rhe abiliry ro mat roserher or fetr- an
fne\ I ctosety retaled \1ith their scaly surface teurui" ,na on. *fri.t
rs acccnluatrd rn aqueous solution.. This abitily to felr is exoloired inrne productron ol non-woven fela and special cffecrs on woisted and\rooucn tabncs. Un{brlunat€ly, since felting is accompanied bvsnnnkage ltrs a drsadvanraee where the 6nishrd fabrics are made ui
r n I o good s \r.h rch req u ire periodical n ash ing,s.g. underwear and socks-

Trsti',g fot shi*age
h is logical lo assume rhat rhe shrinkage test on a paflicular r\,De ofmarenal shoutd put rhe faLric rhrouqh a washing procedure similar
1o thal $.hrch ir \outd go rhrough in p.r"t;"e. ft. 

"iae uu.;.tu "iraoncs on the market today encourages the manufacturers of sria."ano dcrergenrs ro rssue u.ashing insrrucrions for rhe differenr rvoes.ofmarerar. ln lhe ts.S. Handbonk the resr procedur.s inctude diiaileJrnnru(lrons on rhe prepararion ofnashing solur;ons for.o,,on unJ
Irnen. ra)nn and synrheti. Ebrc(. and $ool. (One rest on soot fabricsrequires rl,e use of a small m,lling machine in order ro simulare therrpc rrl trfarmFnt meled out (o so( Ls during rrear.)

. jfhe pr i,,, iplF. of,.hrinkage resrs ale simfle but'it is necesary roroflua\ llrF \ta dard proccdures in order to obtain "o_o","i;."rerulrr. tsenridtJy. rhe tesls are car;ed ."1 i, ,h. f"u.;.i";.;;":;,
Prcraratin oJ s?uinc r. The fabric stroura fe conait;oriea tir-lstandard lesr:nq armosphere befo,e marking out. Usua y three oair.or dd(um lrnFs are markcd out in each direcrion. The markins outmav be done rrith indelible ink or with tast-ay"a 

".",irg tf.,.".-a. 
--

Irrarl;,g. The sampte is rr.ashed in rhe relevant -*f.r;,,fr"f"t"r;a rraslring. rna, hine- conforrnjnq lo cerrairr spccificarioni. After rhe
'pL(:hed ume has ctapscd rhe sample is rinsad.
_ Djiag. Afrer rinsing, rhe surplui !,arer is removed Lv ccrt,;fi,ots(pr(lerabi)) or Ly hand squeezing, rubtrer{ov.r.a -rrei",t,,*" i,rorrrng,n ro\rrtling. Drying is comptered by means ofa nat_triajea
press or a heated flat iron_
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Conditioninl and /.n'ia5L1inq' After drying' rhe specimen is condi-

t;#ii, 1.1-L'a testin{atmosphere.and the dist'/n'cs bcrween

;;:';;,;; ll.;' '.,,'.'ured. lVariaiions in the m"thods are req,ircd

i:T:ffiil;;;i';"d somplcs, c g' wo,l and small completc

articles.)

Peranlaqc lhinkog.
ili.i;:J,l;A from rhe mean chanqes in the di(tan'e Ler\ecn

the datum lines 
roo(/-o - L)

Percentage shrinkag€ : S: ---;"

* hcre .Ln is the di"tance b€i$'een rhe datum line' before \a'hinq and

"""';:;:;;;H;";; t"*'l"n tr' auru'. Iirres arrcr sashinq'

CARPET TESTINC

The ri.ine srandard ofliv;nB in many parts ofthe \oild aPPears to

'li.:"i"i 'i ," **^i"o dcia:rd ror carpcrs lnaddiriontorhemorc

l;JH;i;;;;!, 'i'*r"",.*"'t' as l irton and Arminstcr'

,i.'. f,r" U..., "f,..p 
increasc in the production ofluftcd cdrpers'

ili;.;;.i;;l;.;+et prod'rcrion and sares has bccn rerlecred in

,h" .l.velooment of insrruments speerrically desigrtd lo e\aluate

:::,il',i:iil;: a';;.i i.',ii". "'r"^ v.'" ;"::,Pi::,;;t';X'il1
comEosition, and so on' can tre touno

li#Ifi,.i J,*";1.',.,.,i";" -uv 'oJu 'o 
rirrrprc rhis read" us

;;"k-,i. ;;i""' , '" hiclr carpetPrope.tics a'e ofmajor irnPorta.ce

and are rheY measurable?''"i"1" 
^''tla' "' *"et srading rAngus 't,.:' hot h"r''p'235 (oct'

';;; 
ti;;;;,;;;;i i th'at rt'"iujoi p'pe'(ies arc: ' I I dur abirirv i

;;::::--;;: ;i",;"""tance. and it pile he;eht and dcnritv To

);i" ;; i;.;;#'v 6'"r' tlrc dcnsirv or rhe Dire rnnv hr de,rcd

i* "'i"i"rli-l .r ir. pile heiqht ani rhe crr Pet mrr(r Lr tiun For

.."-"t.. u nood 'l*-i"'rtt may ha\c tl ro\\\ Dcr rncn $rrr,
i,]iil J.' ;*rl"ii' r,, ; e 5bturts in! lrthcPitcl'(islrtisd(rermin'd
iffi.I.;;;;;i,;;; rorar rhickncss arrd rr:rkitrg th;(k!res') and

lJ.l,1i ill'. o:i i,. in.n the rengrh orple per rqurrc rard s''urd be

given by
56x0'5in.x36x36

yd : 1.008 Yd
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\\'irh.a carper rarn of jj 1d oz rhc pile \(i8hr per square vard
).,:,d-r lo 3 

.,:.^A 1",, 
'q,,atiru 

,,rimin.rc, ,,;,r{'ie i,i" iii,li rn. prte and a j0 rtl oz vI.rr r"rrr.t only ha\( a pitc;,S;; ;;square ldrd nt.r,our bl 
"z-

!. 
Tlri, app, oa, h ro an t:r1,r ",.ion of pile LJrrrii'. at,huLrh rpparerr_

]i_,,.,^*l il:,",., r.altv (rpti, ir, n,.uq,,., *o carpcrs .oUtd t,a\esrmrrdr $Frqhrs of pite pcrcqu.,c,i.d, ,,r. 
";if, f."*, f.",.],packcd tufrs and rhe 

"rtr;r " iril sh", tl ..-.rnc,.s ur,he,s.o.arprts rrourd u.,;fi:l:j:,*o 
tura. bLrr tne

D abil,tr ,f tu,bct,
\ ch"ap earpct in rhe 5par^ Lcdruom rorrtd la.r fcr rcn. of,"",. "nrpn-luatrt!.arpcr in a t,u\y colid^r ota horel mav,,"l; i..;;
]i-,]..)jT I",' ronq a (drnFr \; ra\r rho\v durabrel, ;".i...r" "r,-r ) u,'ucurr que\rron ro rrr,qer. As $ irh apparet 

""a .rn* f"fii".
l:::ll,ll:,,.{.-:l^:1. f 

. ror mance from r, ffi il,;,,;.i..' ;;;;;;,,,p!srorf. .\e\rfl helels.^ . a,pet resting insrrunenrr ha\ e beenurngneo and used Loth for comparalive.,."tr_;., .f.".;.;;;raborarory.rc(is a,d ror rhe .o.,iu.i.on 
". r;b;;;;;;ri;,i,.ili(drr-et pcrfi,,mancc in 6rtd rriat.i t, ",a".,".U,";,, ,,.r"il.,ri"reasonal,l! qun kly 6eld rr;ah are usual) Io.ar.d ;" ; ",;; ,, h;,;

ll: l:"lkli- ranc is.high. e.g. in rhc ioyer "f. h";;. ;;-".il.;co,rrdor u, an offce btock. The acrual Iaying.ara ai.p.S,;." .f...1per spe(rmFns irr ruch triais mu,r r,e .ariruly _i",a".|i. ri*i,
:*:ll:1I:l ^]r 

r) pesorca,p.l in a mLrrri_r1pe riiar sh";iJ;;;.i,.;
srnrr r;rr amounr c,l' rrafic.

, 
Snrne of the aLrasion lcsr;ng insrumenrs described or mentioned(lses-I.rr-in rhis chJpter can be adaprcd lo.arrl ou! abr3s;on resrson.arp.,s. c.r. rhc ]Iarrirrdate and rhe Shiefer. rt.;r,,.r,""rides.rjbFd Lelo\ rj one der ctoped by rhe woot l"d,.r,;", RJ;;;, iAr.o(iarion. Tl,e dcscr;pti,e n',.res aie from tV.t.R.A. l;,.,";r;.." '

The W.LR..'. @t.t dbr^ion nta.h.p
Althouqh only one specimcn is te.tert
r ; u, r,.' iv i. n e.""ii*l;;';,:#:':: ::#:I?J i:#::lil:r(.nrng ior $.ear. tr is nor intendcd to give an eslimate of lile usefulr,re ur a..rrpet. Fieure 7.42 shor,s rhJsenerat ,rr."g.;;i;i.l;t6rer. Trr,o \.rrri.al shafis rorare in rhe'same ai...ri.i^.t.ppr.*i-
mateJy rhe same :pcco. but !hcir ccnrrcs are ofn.r. fne ,p.ciriin oCcarprt,.a 

-(ir.le of I I in. in d;amcrer. is ctamped ar rlJ rop oiitrilo\er.shafi; it is rubbed against 
" 

t".e., .;,.['.f ,t,"I;rJi'o".,,.;(ross-Lred fabri. .lampcd ir rhe bort,lm ot rhe rop shaft.
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Figut' 7 12' Ttu W LR A 'arl't 
abn\ion nathin'

The arranqement and rolation ofthe shafls is ba'ed on rh' morior'

,*'.,,u.i ri it'i.r.t, r'hich gires a constant relarive velo'irl

ll"*:ll" ,".1'..' "'a abradan'r at all parts or rhe specimcn l hr

"'llii"r'i'' ^t 
..J.a at a consrant p-re*,re of either 6 or B lb ins'

iii,r.J'-iii..ll" re sel to stop afier a predererminrd number or

"'S:':'J:;.,.r"... can be estima'ted-eilher visuarlv or bv rtciql'

r",'ii". "r*i*.. rt.. . si!en number orrubs' Carpet sPccimen! can

il."*iiii'iil,",+ to r;e bacuns in times rangirrs rrom 30 to,tjo

l"r,i."i..*"'i,..''.,'" w;rh a serie' of \o'l '^r.Ets 
ha\ " rho\\ n rhdr

lillllL'l!".a ..'*ra,ion be,rne-en rhe ['Jf.;i;i:l'::,;:ii:ilW.I.R.A. carpe! abrasion machrne ano

tests $ith the samc carpet'

lB, avtu', ol ttu tr 't R A'J
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The method of test based on the use of this machine has beenqrpro.ed by the Technicat Commirtee of th. r..d.r.,i;; ;i;;;ir;Carpet lfanufacturer:, and has been i".l"d.d i. U.a.-i;"d;;;;
No. 1l-

The Tetropad Watker Catuet T6t*
Il1'"1::l'l:1. F;sur;7.4rra). is a comprehenrive (arpet ,.srjne
macnrne \rhr.h.an be u.ed to lest carpet samplcs for dr.abitiLui
appea,ance^rcrenlion in borh dry una ar_p .onairionr, ,na 

"J;tre.Ntance. Uouriautds Engineering Lrd.. rrho sLrpp)y rhe machine,dc{rrbe rt as lbllows:
Themdchine comprises a drum uhich is driven at a speed oI50r.p.m. uv a I2 W etecrric moror r.ia p.V.C. ro ers. Carper samples

(8, a!tue ot cos,.,td, Enrktuia, L1d)

Fieb,713,\a). Th. t hapa.! @tko caryet tc,t t
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are DIaced ins;de the drum with thc Pile fi'ino in$'ards The letra-

i::li;.ir*;;;;; ;":r irun s ith roui lcgs h"ai itv coated in P V'c '

.t constant hardness. The terraPod 
's 

praced inside the drum wirh

Ll-'ll--1.- 'r",,* r +jltjl- when rhe dtum is rotatrd the tetraPod

i{,il,i"?.r..i1" i.*" t"\,i.,.'"a'n""'i'a" uarks' over the cat pct

--I^ -:'r' ' Lc2\ u h.rrino and rubbrns aJion u hich simulares rhe

:1 J:""i*i; .r;:;'*;; a' Io'n"' r n*ia to' t'e machine 10 t eg;stcr

ii. ",*i.' "i,.""1*lins 
completed bv rhe drum The counrPr 'an

lfl'.'i. r",,.,*;t.l "g 
the motor after a rcntrhed number oflevo'

r,',i..< This allo$'s lhe machine to be run 2i hours a day until the

i..t i.,.-pt".a wirhout the need for constant supervrsron

@) @inqrJc'!dkult' E'tin4a"! Ltd)

' Fieut 7'13i,b\)' In'id' lit af th' kt'oi)od tkd \hotins :t'p

Iieurc 741(r, sho\( rhe 'ril(rIo-Pninred l'tfupod Iestinq Irrit

" irii i.*' r,.." t.'.r.*o i, "::',1"t'+'n'il::;i.* 
j:'#"",Xi li

rhcir super-uearing Harrulr mrper'ng 
,' '" ifr"i .f " -r*",;"r;fthis unit is rery much more intens'\'e tr

tetrapod."'i[,"i,t;,r ru.T]t" durabilitv tesr inre"riqates the lensrh oflife oi

' th€ carDet before backing becomer 'r rsrure d-ue to hbre or tuft loss' A

:l'.rT"I';fi1;.; ;;i;;e"n rh' ba' k or rhe carpet and rhe inside ra'e
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(Br.oL te o! Lb@!td, Larina.ia Ld)
Fiswe Z.4Jtt). Tt nit.uo-tuint d kt alod t,ltinp,ni

of rh. d!um. to a..eterare $ear _Fiqurr 7.a3G,). Lishr to mediumcarpe'( rlould be expected ro wirhsr:ra at r...t r zs,66ir .*..rrlii*andhhe.ttier carpets 500.000 rerotutions S.f*. ,f,.'ir.U;r9 i.l.li
,jlp:**, ond tcx,tu,c.,?k1ttion. These properrres are te.ted in asrmrrarrnanner ro rhe durabitiry bur the st;p i, ***.a ir.*,,f,1

::ll:-. Il::.:T1 *lpre is subjected to the bearing ".; ;;;;;rerrapod tbr sumaient rime ro bring.aborrr a subls(anral , hanse in appearanre shj(h in rhe .".. .i " i.,; il;:;prle carp{ I Noutd Le aficr 2l.1,00 ,.."1r,;.",,-"f,1 .r, ;i i.l',il,uto.91::-::1,,.1. in rhF ca.e ora hieh den,iry pit.. 
-' ' '" "'

_j :,T1,,. rest rs rhe appFardn, e rcrenrion in iamp cundirions.I hrs lest is cau ied out in exacrtv r he same s ar. ., ,h. d.i ^pp;;;;;:.-1:1,.1j^i cxcepr rhar r t,atrofdamp.oron $oor i. praccd in rhF
:J:.i :l:i ,:: l.,lil?d. t he drum i$or.r rcd for ro.obo ., zo,rj6o..,. 

"LL,,rorng ro qUatltr.,

- 
S"itne,b . Tn orier ro resr rhe carp.1 53mp1g t".. 5oil resivance. a

:,.:y:d-"T:",,..r,rtificiar soir i; prdced.i" ,h" d;;';;,; .i,I.,, r, apoo and rhe drum is ruratcd f.r t o nOO .erolu: ions. The carpet"rs lhen remor?d.and examined for rhc deqrce,,fs.iJtng. AIt rests lreer.atuJied !isuat,y and in most ca.es rhe simpl. .r,",rjU" ."_p"..j$r,l' a (ample oi h;qh qrratity such as an AO e_rni*,* * .-il.irl
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d*{{.:*titT$*fi'j;i:;'*l:;:!l;t#

l-*+**f**fi**nffi
:; 

I :' lm:f : 1}", 
r,:"*" 

":'"$i:"11-J;pe 
..'1 h e'| e t ra pod \Lar ke I

-lLil"lli i,. ,*a r'i te*i"g orh'r rvp" of fabrics such as those

'":9.l,l""Xlii,lT,I;" and cr.rsick give r,rther inrormation on thc

"".i"J*l[.* 
Gre Further Reading)

'*;tf 

*l*,t",,*.:m{"151#}ffi

xg$*rm*r;*-'r,s*
n#*i:{'i**r#,,,,;,-;:*rft+:+tll**
*::fi,l1i;.l.:'|::l Ji':,T\:HJJile no'ies have bcen

taLcn.

ffi i{'ffitr"i#:"ffi 
';ift ";;*":*:n;:m'x

Pdn, ol fextile -23
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liil"il,L'rs Uiff iH."#: *T.i#j1h.,ffia_veragerompresion of a carpe-r. The highest p;;#.; ilt;il; i:lntended lo represent an a\€raee raxim-L
normal uallin!. - -'-$' " qnr.rm Prcssue exerted during

Fisu. 7.44. rtu w.r.R.r, @p.t';X:;"*'-''

#lFI{[i$.'.',*:,:+r"i$*.,,H:'**r,iffi ;]f :
rz^ru''rl,.ii.igIl,JJf !,:liilii.gS;;1.;lJi;",i*Jill
ll*{.1.i "lr!:C"uge tias, at its towcr end, a conract which i!connccted ro a 4.5 V butb, thc rerum Icad bcid,hr;;Chti:iiil;
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Ttre sorine mechanism ofthe dial gauge is arranged to keep th€ toP

.iir,.'n"u"o. tt.* pto"ed against lhe screw D Rotation oflhis screw

-ouo"*J "t.- 6f rl" a;ut gauge dountards until the conract

tou.hes the loading shaft and lighb the bulb.'" 
wJif. ". "*p"t 

ip."imen in piosition, rhe screw D is tumcd until

*. U ryt t"; . ,i.o ,."ding 6n the dial is then taken' The Pr€sser

i".tl" if'.ri.;"1ta, ,"a a carpit specimen at least 3 in sq- is inlcrted'

i..iir* .t. taken of the ihickncss of the sPecimen, firsr wirh no
,)iiii"iot *.int a. and rhen with the ueights addcd in successive

i,.no. i;n"uv,".."iitgs ale taken during the unloading cyctc'

,f,tte.rrati*;jy, ly a 
"imple 

modification ofthc base Plate, t€sts can

be madc in the centre of a targer area of carPel'

Cafi.t corntfttrian
iiirli.". f,"*.r'aa* has a new carpet fitted the supp)ier usuallv

iii-;; i;.. -".. ".*monlv, 
hcr) not to use a vacu,m cleaner on

ii,-Jif,'" Lrp., has 'beddcd down'. The initial luxurious' thicL

i..u"" ,.ae. oi.t (.t"an) shoes does not last i rhe carPet loses some

.ir" ir';.G*t r"i.ri quicilv during rhe bedding down Process and

thercafkr at a mu.h slower rare. The greater Parl ol lne carpet s

oracrical life is thus spent in a compressed slat€''lb provrcle rn_

[..""t i.".r,X" U.aaing do*'n procesithe Wool Industries Research

e"o"iuiio" ft.". a..lg"Id an instrument specially for th€ job' The

Association d€scribe the insEum€nt below'

Ttu W.1.R.,4. dlnanic loading nathi* 'Ilne machine simulates

trro of rh. *ain aitions of u alking - compress;on, and the shearing

effecl at the edge of the sho€. figure 7 45 shows the machine lhe
;;;;;;;;iil '".*ngurar 

steei reet, 2 in bv l-in and { in deep'

arra-ched to its underside I l in. apart' By means ol an arm Prvoleo ar

S.-;..* ^ir* the weighi and rhen alloss it to fall freely from.a

Jrr'.ir.a-r,"i*r'.." ro tile carpet spccimen about every five seconds'

il. .i.l 
"i.i". 

c, to which r'he specimen is clamPed' is slowlv and

-"4""""1t" rt"u.tt.d in such a say thar tlele h a I in moremert

t.r*..o 
"ach 

dtop "fthe 
h'tighr; there is thus a half_o\erlaP by the

;; i;;i;;J't "p"ct. 
A c-omplete tra'erse' forwards and back-

-".a"- " -"* for iS impacrs, uhich Produces a uniformly com-

oressei area 2 in. wide bi 3+ in. long Nomallv' th€ carPet spccF

Ir.* "* -.^".1a m rhickness (urins a w I R A' carP€t thickncss

i""".i-i--.a;u,.f, .ner 50, 100,200, 5Oo and 1,000 impacrs (see

ii.""e"I".",1,J'ct egg, Trxt iwr' Ittd', P' 4 Orn' i963) andJ'
7.,t. hlir. rA,T347 (t962)).
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tD,@u .!1ol th. u_r.R.A_)

Fieu.7.4S. Th. W.I.R.A. bnanb tMdi,s n6hie

TuJr bind ;n upas i

1T,lft liY:f " 
*.,pet may 6" regarded as the rorce r.srirrd roextract a- tuli from lhe carpet. Snowden and r.an Issum ia,e de-

scnbed the use ol-an Insrron srrength tester to measure rris forceq. ?-:xt; |Nt.54. T269 (1963)). ihe woot Indusrries Resear;
Assocra on studied lh-e probtem of measuring tutt bind and decigned
a spectal iostrument for rhe DurDose.

.The instrumenr sho".n in F;gure 7.4.6 h.;lted rhe W.I.R.A. rufthlhdrawat-rensometer and it provides a simpl€ method for mea_
surrng the Iorcc rcqu;,Ed to siihdraw a single lufr of pile from acarpet, i.e. thr binding forcc ber\^.een carper pi:. u.a tu.i.inn. ft .,.
:: U:e1 on :lnatL samptes of a few square inches ot carpet"or ar as.rccted posrtron in a large area, Small samples are pul on the baseplate-and_hrld do\^ n by.a recrangutar steet pt"t. 

" iti, " 
f i ir.-. iiIn. nole at rts centre. When a rest is to bc made in a largi area rhi

I::ta.nql* llate j. rcm9vrd and the instrument is pta"ced in rhercqulred. posrtion. There is a hole in rhe base ptare corresponding tothat in the detachable Dlare.
A spring balance. r.ading from O to I,000 g, has a sliding pointer
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\\.hich indicares the maximum force €)'ert'd Thc Lalance is suppor-

,.i i,,,li,r't.t";" shi(h pas'es round a pullcv driren bv a small

;:,;L i;f i: 'il; ;;l.i 'Ip""'a' 'nd d""n'ards ht the motor'

;ffi';;;,:e,.,,ed bv a irir"h A Pai' orja$\ ror sriPPins the

ll.ll pri. .r,',' ,i,l.a io tr' r'r^n'" t'""1 und is e"ilv dcrachabte'

\Dt .tukt' ol it tt'.t,R A )

Figrt 7.46 ThtlllR'1 tuIt uithtntol knnm'kl

To makt a test. the ia$'s are detached and a sinqlr Pile.luft in the

.J;;;; ;;;;ilre is gripped. rh-e jans are rhen iooked on

ro rhc chain at ihe louer end of the sPring balan' e' and lhe. moror rs

switched on. The force required to wilhdra\{ rl)e tult ts lhen reao

from the sliding pointer.
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FL'RTHER READINC

]:db,i diq ha, dad tn.tw
'ii;'ri ' ' 't l)irct'R,ddiis cuver Pho,oh.r.r. 7. r.xt. tn!t. g, rs3
""ll$i;Jii5rr|-'v -d obturins Po*er orr*tit Fzbtia.,J. r.\t. r*t.
"il;:';"j;::1: IT.,,;tt:"g r,i^1^,8 Mod,nc,,ions. Ascshen, or

'*it-N**E-t*t:.t',1;i*,1il 
,=*

"\1:,ii;:,::1,;"i.:; P,.1:';:?,fl%gio" and M,chinc sizc in rex,i,.

:.::".',li:jli.":1.'4i1*l;;;,34;[#'-"' ^a'is 
ror c,o,h or sub-

iroN_ uererhDarion ofThickncs ot Tqiir. r
..tl:,,,*^ll".q*o:,":1h; .i; ;., : ;ii;: iHj',.tnad! 

or r? n r o, r. it.:

" r*Tr ?i+.irli:h'I*+,"rffiqlil,qi irH ::^:;
^'"i1.*?:11'1;11't9, 91tr'.isht per unir r.nsrh.nd p.r unii AEa o, rvov.-il: il:;l'iri:[fi;'''"a q r'' p n'iit"' <i*ii#;tr;:#ffi;

jlus'':ffi trJrilt#\:;i#::;Ya:;::::::;
: : il: ir.."r :S'#$r a#ti/*:r # rlll iiil...rrcur,r rhrcads.,r. TuL t,"r. tg. r+l rrsts\

."ir,:i il,*,go;, ;ii'#,B#i,Ei c,i.,h ryp, in rerms .r
'irl 

n'ri-:; i;#'" t' 'r r :"n u, Fabrn: ror \pe( in" e,.po,.,.. 7 r",r. ,,.r.

'1;:;, Il,1 ;11Ti" 
ciusins \.aria,ion in rudachcnt or Fabri.., 7. r^,.

' il*iL); i.,i'l,,Til;;';:;,''1;11.^,",..,n', 0",,*c.n yarn and Fabn.

.;:ii::ru,*[;?:fl ii[fl,*,ij::,r::;'ilff H;
"'ili.i;';'";';*IH,l;5[i, 

i;g,7,.*,'",,, 
p.op*,i6 J p,"in K,i,



TABRIC DIMENSIONS AND P&OPERTIES 347
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^. 
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55, T66 (1964)

(le64)

(M.y 1967)

'Ratio Clhpa,i@D of rabric Strucrurd 'r' T"7 l6t' 53'Ta3
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1953)

tll.lr J: r: Th. Inrrnal Applicarion of Synrh.ric Rc,.ns.. .4a lnnadulioa tot.tih rurhias lch.p. l6) /Ch.pman and Hau. London)
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^NoN. 
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^.^swoRrH. E. 

^.. 
and .]-hF Terrapod walker carp(r T6ringMachinc.'i r,rr..aru,. 56, Tljg (1965)

E. 
^., ad c(srck. c. .. ,LGs of Thictnd of Carpr8 in rhc. Tarapod Walk"r Carp"r Terhg Md(hin.. .7. r.xl l^t- 5?.T2a , t'q;;\ 

" '
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DLEy, s. .Conetati@ berwd Ftoor Trial! on Carcetrand .rhiclnBi LN Meau,emenls on rh. Tcuapod wake C".p.i r*LiMa.hin..'7 r.xl. /u,. 5a, T4_14 (t96?)
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THE TENSILE TESTING OF TEXTILES
wr{EN students are asked 'W1ly do we test textiles?'the usual answer

is 'To frnd out how sbong they ar€'. This indicates that the str€ngth
offibres and 6bre structures is commonly regarded as the criteaion of
quality. That strength is of great importance goes without saying,

but it must be remembered always that propelties such as flexibitity,
resilience, moisture ab,sorption, dye amnity, etc., should be included
in the assessment of the 'goodn€ss' or quality of a textile material.
The relative importance ol one particular property will depend in
many cases on the end-use; e.8. the resistancc to acid attacl of syn'
thetic 6bres such as Terylene has led to their usc in chemical 6lter
cloths, Neverth€less, the meaurement of ttrc tensile Properties of
textiles is an importanr branch oftextile t€sting, but beaore consider-
ing the methods ard principles used it is esential that the units and
terminology employed are clearly defined and understood.

TERMINOLOOY 
^rD 

Oa"rtrtron"
I-oad
The application ofa load to a sPecimen ilr it! axial dir€ction causeg

a tension to be devcloped in the sPecimen. Thc 'load' is usually
expressed in grams wcight or pounds wcight lik€ gravitational units
ofiorce. Where great precision is demanded (e.9. fo! comparativc
tesB in diferent parts of the world) the loads mcasurea must be

corrected by multiplying by the local value ofg, the acceleration due
to gra"ity, i"a aivlal"gby 981 cm/scct or 32'2 ft/sect, the standard
value.

It is comrnon practice to ieave out the word 'weight' and quote
loads in grams or pounds.

Btcakiag had
This is the load at which the specimen breaks, usually expresed in
grams weight oi pounds weight.

Sb.rs
Wherc the merits of fine and coarse structures have to bc com'
pared, suitable units must be chos€n. In enginecring the t€rm 'stress'
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is used, Thh is the ratio
section of the specimen i

Stress

be.$een the force applied and the

Force applied

Cross-sectional area
The force is accurately expressed in dynes or poundals. i,Jencc, rhe
stress on a trbre may be given in terms ofdyncs per square centimetre
(dyn/rm1.

The cross+ections of many 6bres and fibre struclures are irregular
rn shape and d,thcutt to measure. To simplify matters a dimeision
related to cross-seclion is used, the .linear'density, .t rf,. .p*i_.r.lhc tin€ar density may bc expresed in denicr oi tex couni and the
'mass stfess'then becomes the rat;o ofthe force applied to rhc linear
density (mass per unit length):

Force applied
Mass stres : 

-.--Linear dcnsity

. The units of the mass slress rherefore become grams Be;sht Der
denier or grams weight per tex. Hrre again, afUr.fi"l"^ 

".? ".iJ,'mass_stresj is usually shorten.d to,slress, and quoted,in grams pei
denler or grams per tex.

T.nolitr n t!.cirt rt,jneth
The 'tfnacity' of a material is the mass srress ar break, rhe uniB
being, orcourse, grams per de.i"r per tex. A; .ti";;;;t,.',.;^*;;
tenacrty rs'specihc strength!.

. The vahe used for lhe deoier ofa specimen is usually lhe nominat
oenrer be,ore iesling, no account being taken of the de.rease in
denrer as the specimen js slrerched and becomis 6ner. For some
purposes rhjs chang€ is noled and suitable corecrion made.

,.It is useful ro nole thal by-expresing lhe brraking frenglhs of
d r tleren t. mar erials in rerms oftenaciry, comparisons-can be-made
drrecrly b€t\leen sp€cimens ofvarying 6neness.

Brcaking hqth
The.'brea-king lengrh' is rhe Iengrh oflhe specimen uhii:. wiu iusl
brea_k under rts own weight when hung venicallv. Naruraliv wJdonot butd.tatt row€rs in order to measurc this breaking lenith but
carcuratc rt tiom ihe rrsults oftests on short tenglhs. Th; exp'resion
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of strenglh in terms of breaking length is useful for comparing the
strength ofditrerent fibre $nrctures, e.g. for compa ng single fibre
strength wirh the yam strength. An intcresting study hhich uscs this
type ofcompartson is found in Grqory's papers on the structure of
cotton yarns (r. Text. I$t, 44,T499 

^rrd 
T5l5 (1953)). Thc unir for

heating lenglh is thc kilomeEe.
Ii for example, a 100 denier viscose rayoa yarn broke at a load of

185 g, the brcaking length would be:

lB5 x 9000
: r6.6s Lrn

100 x 1000

Shdin
When a load is applicd to a specimen a certain amount ofstretch-
ing takes place. The amount will vary with the inirial length ofthe
specimen, Thc 'strain' is the tenn used to relate the stretch or elonga-
tion with the initial length:

Elot€ation

Initial length

Ert flria
By expressing rhe (rrain as a percenrage we obtain rhe extens;on':

Elongation
Extension : x 100 per cent

Initial length
The extension is somctimes re{tl-red to as the 'strain p€rcent'.

Br.akiry .,4nukn
The 'brealirg extension' is the extension of the specimen at the
breaking point.

Tlu had-'clangatioa cuntc
An extremely important curve is produced when the load on a
specimer is plotted against the elongation. This curve describes the
bchaviour ofthe specimen &om zero load and elongation up to the
breaking point. (Loading up to the breaking point is not always
rcquired and th€ test mcthod is varied to suit ihc object in view.)

Prom a close study of this curve much important information can
bc gaincd, initial Young's modulus, work ofruptu{c, yield point, etc.
Ta6c charactcdstics will be d€fincd shortly.
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Th, stretJ-slruin eurac
For some purposes it is more convenieEt to convert the load-
elongation curve to a stress-sirain curve, thereby enabling mor€
direct comparisons to be mado betu'een di$erent types of mater;als

Figure 8.1 shoivs the load-elongation cuNes of a 250 denier
viscose rayon yarn and a 30 denier nylon yarn. The test length in
each case {as 20 in. and the yarns rvere testcd on a. Scott Serigraph
'$'hich operates on the inclined-plane principle to give aconstant rate
of loading. To conv€rt the cur'\'es to stress strain curves i\'e must
draw up a Table ofvalues ofstress and strain derived from measure-
menis on the load elongation curves. Str€ss values are obtained by
dividing load values by the denier; strain values are calculated by
dividiflg the actual elongation by 20 in., the test lengtl. For instance,
at I in. elongation the load on the viscose was 272 g. The stress at
this point was tierefore 2721250, l.}a CldcI:,ier. Thc corresponding
strain was l/20 or 0.05.

0121456. 
Acrool sn€kh + (ii)

Ftgt,? 8-1. trod<rkntbn tu6 of nlto avt aiiok obhipd @ th.
A C.R.1.. ttltine Miiu utin! ttu itlin.d-r,lar. t/ia.ipl.
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Fisure 8 2 sho$s the strcss_+train curves derived from the load-

.Ion ution cr*es. The gencral shaPe ofthe curves remains the samg

i,i iiJi *r*i'. positi-ons have changed The superior srrrnsth of
ii. "rr., i".... it*rly scen and the comparison between thelwo
qpes offibre made easier. Meredith's paper on lhe lensile behavrour

of 6t.es irrciuaes numerous sttess +train curves of a range of

materials (J. fr.rr. ,l'r'r. 36, Tl07 (1945))'

x

0 004 000 (

fiow A.2. Th. ntt-*.n 8v' dan di/on tb b'd't'ktion dtu't
" J6 "r'til 

@l vitor (Figd.8.1)

T1le read€r mav ask'Whv is a nress strain curve the shape it is

"nJ 
*nv ao aif".L, -aterials havc differcnt tvpes ofcurves?'The

st o"-st'roin ct wes of fibrc structurcs such as fabrics and yarns will
..iect the ch"tactc.i"tics ofthe 6bre or 6bres from which they have

L*n trit,, -oai*a .""ording to mcthods used in thcir constructior'

".e. 
t*i"t,'*."u", pt y.ical and chemical finish, ctc' A study o[ thc

"r?*.,1- 
* ,r,.dures is rherefore of paramount importance The

Ii"i. or *. tt'o"-"t'oio curve of a fibre is governed mainlv bv irs

-oiecrrlar stt r"tur. ; for a full d iscussion of this branch of tech nolo8y

tfr" ,.^d"t i" refcrred to thc standard ]iteraturc (see the Further

[Jing li"t at cttd of this chaptcr). A gencral and simplificd note is

ofcreJ ierc i" oldcl to focus ittention-on the problcml (Scc FiSure

8.3,)
\i'hen an extcrnal forcc i! applicd to a material it it balanced by

inter;t forces devctopcd in thi'molecular structurc of thc matcrial'

Pfin, ol Textile -24
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From his knouledgc offibrc rt ucturc the reader will be awarc of thc
thr€e-dimensional pattern of long-chain moleculesl somc arc ar-
rangcd in an orderly manner, tnown as thc crystalline rcgions, and
somc a.c in a more haphazard mann€r, known as amorphous
regions. In the early stages ofstretching thc material, the elongation
is mainly concerned with the deformation ofthe arnorphous regions
in which primary and sccondary bonds arc stretched and shcared. If
the stess were removed at this stagc most ofthe extcnsioo would be
r€cov€red and th€ matedal would exhibit clastic popertics.

I ,o

004 00E 0.r2 0.20 02a

5trcin

Fisut, 8.J. StE r-'t/ai, @ olol@s danEdlw a bada't $ia *i o1o too *oa
)@ in arh$i,tut rtaddd dtMttls.
(l) DE lo ,P L tu yi.td Ftnr.'Ih...r@i Yi.ld 1lj6 - 0.3s./d@id

! Yald&rin - 0'02 
r.65

(2) Idrial Y.uq't trDdulu - ad - 
- 

- 83 3/doid
(3) T.n:.iry b,sl * 1.35r/.krnr(./ t{dsioD.rbar - 0 2tri r00 - m Erc6r

By increasing ihc stress furtlcr, rlc strtsstin curve bnrds
sharply and Iargc strains or eitcnsions are'pmduccd by small
incrcascs in stress. A sort ofplastic 'flow' ofthc material occuri. Thc
long-chain molccule! rcarrangc thcmsclvca with further brcaLing of
secondary bonds.

T'his rearangdlcrlt ofthc molccula putr thc matcrial in a bcner
position to u,ithstand furthcr sircss.3 and the rare of extcn ion
dccrcascs. The stcss-strain curec bcgiE to bend towaldslhc strcss
axis until fnally thc breating point is reachcd.

Sincc differcnt matcrials hivc diffcrcni raolc<rirlar Etruellr.s it
follo\rs that thcir .trers--.train aurvcs.will tc dif,crcllt. Ilgurc 8.4

-- t5

; os
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shows a number of stress-Strain curves for thc morc commonly

used 6brcs. Sincc physical and chemical tlealiments affect the strcss-

strain propcrties of rextiles, a tcsting instrumcnl which Produce an

,ccrr.ic autog.aphic .ecord ofa ta;silc tcst is a valuabl€ aid to thc
tcxtile t€chnologist.

Hamburgcr's- paPcn on the engincering approach ro textilc-

structurc emDhasise thc importancc ofthc str.ss{train prop€rtre! ol

textile materials (J. 7.,; I,/c,t. tO, P700 (1949)). and Mabvrg
Ircturr, I 9 55 (A,S.T.M,\.

.-' N/o^ lftom r,!"re I2)

15 20' 30 35

F 'd. 8-4. Sn@ lhain @t Jo Mlitu nok idt ]{ot': Th's tuw! d' intddtd {d' 2@dl.oabdm$ onlr- Th2 Foiatia olnol'no* tuttltott c@ tu M o)

:;ii 
-;;i;'i"E nri;qu ii wi,'@,,p-t!i^t !h'sah'i' @' d'

;h@ed. Fot w. tkia idoruti. L\ut th' eJa@4

Ttu initial l"orng's nodulu
L ""ni."t".Iu'i-oottanr 

pan of lhe strcss-strain curvc is rhe

i"ltial oorrion'sranine at ze;o srrss and strain ln Figurc 8 3 it will
Ue 

".eri 
thut ttc 6,.t fortion ofthe curvc is fairlv sira;ghr, indicaling

a linear relationship b€twem the str€:s and thc strain' Ir othe!

*oiir, tt. t"rt .ia L.fraves likc a spring and obclt Hoote's Law' In
f^.i. tirlc D*t of tlre crrrvc is somctimes referrcd to as rhc'Hookcan
tition'. tne 

"imific."ce 
of fiis ir that whcn rhc load is rcmovcd thc

maiedal rccoven its original lcngth or vcry ncarly so'

r0
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. The tangctlt ofrh€ angle betwee[ thc initial part ofthe curve and
the horizonlal axis is lhe ratio $ress:nrain. In engincering science
this ratio is rermrd Ioung's modulus. tt giro " ,neirre ofihe fo.ce
requ'r€d to produce a small exrension, A high modulus indicates
inextenribilily and a low modutus great exreniibitity. In textiles we
u5e the rcrm irrial -frr.ng's modutu and it dccribes ihe idrial resist_
ance to cxtcnsion of a textile material.

Ifthe stress is in units ofgrams per denirr, then lhc iniiial youns's
modulus will aho be in grams per denier because the strain is" a
fraction and has no unirs-

- -Anorher way of expressing the initiat young.s modr.rtus is jn
kilometres weighr ofrhe material considered. (Meiedirh, R, J. Zrxr.
t$t.37, P469 (1946)).

firW ?oint
The straight part ofthe curve gives way to a bend and beyond this
point, or rathcr region, th€ material no longer behaves like a spring
or eJastic. Large exrensions are produced by-relatively small incieanei
in the stress and most ofthe srretch ir irrecor.erablc. This bending or
yiclding rcAion is located by 6c *U loint, which is derermi"ned
geomctrically, Thc point at which thc tangent ro lhe curve is parattel
to thc linejoining rhe origin and rhe breaking point is taken as the
yield point.

Hcncc, th6 yield point may bc defined in tcrms ofrhe y cld stress
and the yield saain.

. Alternative tcms for the yield point arc,limit ofproporixality,,
i.c. wberc the extension ccases to be proportiona.l to thc stress, a;d
'elastic I;mit'.

Ficn. 8.5. Ttu @t ol tuot!,. 6d tb,t fstor: (d\
tb) u'qt lut;> l; lrl wdEldd aL

G)

OAB t
' (b) (<)

wdt oJ n$tv. : e.a
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Thc 'uo* of rubloc'
ii'l';'; ;;;1;;; of the 'toushnfss' of the material (see Fisurc

;;i l, ; ;.;;; ", ',o'k 'iqu;red 
to break the spe'imen' The

]'"',1'""a'.-i. i.oi-.iongation iurve reprbsents the work done in-

:::..;#;;.;;;;;i3 b..uking poi"i u"d thererore the units or

il:;;;f.il;;'; *ill be in units of work, e s' sram-ceniimetr.'
'__'l.h. 

*otkofrupt,rr" will be proponionalto the cross'scctron ol the

.J;;ffi;;ili"'sii. ii'"'iro", i" o'a.' ro enable compari-

:ffi; ;";;; the ,n-ork of *pr"e mav be expressed in gram-

..rrii*.t o per a."i.t per centimetrc length:
GIam.ccntimetes

Denier Per centimctre

g.cm

den'cm

This mav now be shorlened to read as grams per dcnier' A work of

.,.,rr.e vaiuc will indicate the resisrancc ofihe Irlaterial to sudoen

li5.i. ii.:s"iii,i;; r.t€r, discussed later, is used '9.*="." 
q'

"o..ov 
,eouited lo break hanks of yarn and to lear labncs' but rn

ir,iil" il*"'l.r-pture is read directlv in inch-Pounds'

Wo* fattor
ii'#,i,[Ji I-.* w€rc obeved throushout the tes' from zcro load

i" iifti'rs 1".i,,hj "r';;t+n curie would be a *raight line' Thc

mtio
Area undcr the c1rlve

Brcaking sress x breaking strain

would therefore be cqual to one_half'-""",I 
" "*ii.rr* ."Irl this ratio is known as thc workfatolTltns'

t"";;ri;;;il1;nca,e towards the strain axis. (horizontal) th!

-..k factor s ereater than one'halfand' convemtly' ll th€ curve rs-

:;;;;;:; ,h.:il a*ir, the 
"'o'L 

r"ro' is tcs! than one-half

(sec Figurc 8.5).

Elasli t.coa.t}
;;;il";;, be dc6ned as that propertv of a bodv bv which it
lfrIii'."i.'J"' i" #ginut ';,. u"it 

"t'"p" "rtcr 
deformation' In.an

;;il;;;;;; ",'.i.d 
thut spe'imins st'essed io valuc! within

$fi;i;;il1;;;;;red their original size aftcr the strcss had been
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::1,.]:9j Jh:, 
p"y.l. of recovery from a givm cxtcnsion may bc

cxpr6scd by thc ,rarrrL ntoury valuc:
Ela3tic cxtcnsiotr

Tobl extcnsion
For examplc (*c Figure 8.6), if thc original specimcn Iencrh was AB
and it wa! strctchcd to a lcngrh AD, thc total ertensio., world be BD_

IIT r?".f| of.thc load rh€ len$h may bccome AC. The lengltrCll 15 thus the 'elastic cxtmsion,. Thcrcfore,

CD
Elastic rccovery : 

-

_ = Eta& @.ry

Firu. 8.6. Etaii. td@D

,Pc L.cdy clastic materials will havc an ctastic lccovery of l.q
w-hilc matedab without any powcr offtcovery will have a'rccoveri
oI zcro. t:laltic rrecovcry may bc cxpreslcd ar a p€rcentage.

, Elastic recovcry values are affected by severai facrors] includ ing
thc timc allowed for recov.ry, rhc moisrure in the spetimin, and thi
total cxtension us€d in lhc test. Therefore, in order to make c"^_
pa sons betwe€n difcrent materiallr. it is neccgary to specifo thc
conditions under which the elastic recoverv is aetermlirea,'It is
pqhaps usefut at this point to have a briefloof ft ,i. .iil"i.fti*l
and o(tcnsion on €Iasric recovery va.lues.

I7rttanla'vlout and ti,. d.l.ndfltt cf?ck
Thc study ofthe behaviour cia spccimen can b€ sptit inro the .in.
stantancous effects'and lhc.lime dep.ndenr effects,. Considei the
graphs shown in Figurc 8.7. A constanr load is applied to a specimen
for a pcriod of time, OT. Inidally the specimen'cxtcnds rapidly, the
i$tantan@us effec!. and rh€n less rapidly, the time dependint ifrect.
Thc total cxtcn ion ir rhus composid of two elemenl, rhc ,irEtan-
tarrcou! cr(tension and rhe 'time dependcn!' cx(cnsion which wc term
'crerp'. On the removal ofthe load rhe specimen recoven rapidly at
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first and thcn morc slowly with Perhap's- a small amount of residual

cxtension which wc call 'Perrnancnt scr'

Iic -+
nge E'7' Iuta'to@tlt 6d titu dtFtdot ctectt

The instantancous catcnsion i5 comPoscd of two quantitiB' fie

",il]"".*Iri-.";*f,f"h 
is recovcrabte, and rhc 'Dlastic' or 'permar-

JIJ.i"i# *L.r, n not recov€rabl€' Similarlv' thc time dePen'

:;;:;;;;;;; **idcrcd in two parrs,'Primarv crceP' which

t'-Jil'.J..It l" 
"iJ;..*ndary 

*eqr' wfiich is not'

+?:t::;%f:x",:N,i33i'j'.fli**'*visc.sevarnwhen
i*"t}'.;;"il; d;*-ph. The varn-was 6rst loaded to 200 g and

ii*-,"il1"a ," ,*" .g; 
^' ry:i T, lli,".T5":.T.111 tli?Xl

bctow thc vicld strcss of aPFox U U5 8/d
Hii ,Li'**"i." o'i i" "-"'"a at zero load and thc elastic

Lil"i " 
,L"-".-1, t o' Tbe varn wa! rhcn baded uP to about

;'#;:'Jh;.;;;G;ins $r6s beins r'2 g/denicr' It will b€ notcd

i#";;; il;:ii;ithe vield point P rhc total extension thrs

timc wis OO. es Oc toad was rernovco the yarn recovered rcme of

iiili'.iii# "*ri.:, ,;ro load thc extension was oc' Thus' in-thB

second cale the €lastic recovery was equal to CD/OD' about 0'25' a

lcrv different value to the first one'

'''i'"lil';;J"in, of fiIament ravons this efrect must b€ fullv

rilrfr:Jffxtxri'*l'r;:*"*':*-:':ru;'*
ffi: ffii;;-;"t'i""'' i" p'oa*'a in thc fabric'
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I loo

i 'c o
A.t@l st..rch on . 2oir&3t te.g6 (nJ

400

t

il"
il

I

Fisw. 8.8, LaA.,t 
^, 

n MJd J\O d@ii @
"t"d" ***,t.ii"ii-,ii;i;il'6tri'ffi,9,ffi * a,. -

_ 
The yarD in rhe t6t v;as then ta&e; to its breating point. The finalstress--strain curve, CE, i! a different slEIrc to Of,.ffrf iff*r..rhe po-int thar the previous hiaory ofa spccim* 

""".ftjir t*.iiloenauour. tn this case rhe ,higtorv, was mechanical conditioninjby stretching.

Ela ir r.rcu.ry and dinhlrional ltab;I;ta

9*-:f:, of dimensionat stabitiiy, cpccially in ctctrhins, is rhcaDUrry or a €arment io tecp its shape. A .uit madc from a 
"material

w,rn froor-crastic recovery propcrties would v[rv soon exhibit haotuxnces rn t"be trouser3 and baggy elbows in thejaclet.

SOM! TACTO!'S AF'EC?INC TIIE TENSTLE PROPEATIES OFTEXTTTES AND ttIE R!5ULTS OBTAINED FROl{ AESTINC
INSTRUME!ITS

T.it q.cinet t.ndh
Consider rhe graph;n fig!,e 8.9(a), which show! thc lrrcnatb o.
loreaxrng toad' o[ the specimen at infinitcly small incremc"nt of
:llry,.,"lg tlT.:-pt€rc ten$h AB. If wc rcrrcd thc srlecimen ar a
Sauge Iength Alr lhe strength rccorded would bc that oirhe wcat €st
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Doint and the value would be Sr. If we had tcsted the specimen in

iwo halves we woutd have obtained two brcaking loads S, and Sr'

the mean of whicb would be /rigllrr than Sr. Hence, by testing the

varn at a shorter gauge lenAth the apparent yarn slrcnglh has

i."."...a. fli. etreit is known a: rhe 'weak lirr" effecr and is dis'

cused in Peirce's pa;rer on lesting (r. nxt. Irat' l7 

"f355 
(1926)) '- 

ih" -*" itt.g',;h; t},e materia.l in the $eater will berhis effect'

suooose an irreirkr varn A, Figure 8.9@), and a rtgular yarn B

*"ii U"i"g "o-pot 
a *itt rcPcct ro their singlc thread strcnSlh

.moertics]Ifthe test tmsth ch;cn lllc,c long, then the rcgular yam

[--'ortd oroa"ce the t iiher strencrh, bul wilh shorter t€st lcngths

ihe mean'strengh ofyarn A wou)d approach the value Ss, a higher

,oil" th.o Sb.'Heu;, by adjusting the t6t len$hs it l'ould b€

possible to reverse the BnLing of the two yarns'

(b)

Fieut. 8.g. Thr'uo* tin*' .lAt: l.) Th. tttlttt d'b aLina todd' ; b) fM A vtu'l
""'" ' - .i,, u,ao *i,r,-jri. s. a,n io- a, sr, dLsw! ow lhot t sth', b'd

'uo d 2i* a histd adlhc.*os.toi is pro$ins rla b addtu oJ "' u'6

From a procesing point ofview a yarn with a slighdy lower- m€an

',;;; 
b;i ;i;;;,;r uniformity b Preferable to a yarn of hisher

*.1'i rt'*nr, i"t- i.regular. It'is ihc incidence of weak placcs

;;il i;;" cauii of-e*"eoi,'e end-brcakages in rvinding and

wcavins. etc." 
,t ..i?,i."rfti" Uo*cen lhe strcn6h, tcst lcn8rh, and irregularity

has bcen establish€d (see Pcircc's papcr above)'
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Tabb 8,t. SdM T.a la$n' Usd b Ttul2 nn'

T)P it krt

Zero
0.125 in.

I in.
20 .m
20 in.

1.25 in.,2 in.,

P!BI6/ fbE buidlc t6t
Stcl@cts, Clfr.o' fbrc bmdlc let
sinsl.6br 16l! (Md.di!h! R.J. r., tu( t6, Tl07 (1945))
YaE tam-.loth $npld (8.S. H4ndh.oL, p. 139 (1963,
Fabric, 8.S. 2576:19s9 (8.S. H.ndb@[, p. 2a9 (1963))
Fab'ic, B.S.2576:1959 (8.S. Handboo!, p.249 (1963))
Yltn from p&t.s.n B.S. 1932: I9s3 (8.S. H.!db@I, p. 135)
Yufr@p t.g..,3.S. 1932:1953 (8.S. I{adb@I, p, l3s)
Spdib@ dim@ioiu for buBrina tcr (8.S, H.ndboot,

P. 260 (l96lD

Fibr. .nd ribinat T6i. ( 7. .rd. IBt, 9,P716 (t959]l

Let .9r : the mean strength of thc specimen at t.st length I
Srl : thc mean streogth of thc specimm at t€st lcngth rl, aDd
d, : th€ standard deviation of the mcaured strength at

len8th ,.
Then,

Sr-Srr:4.2(l -ri)dr ...(B.l)
It is more convenient to use the coemc;ent of variation than the
standard deviation. Therefore,

Let thc co€mcient of variation, F,:- X l0O
&

Disiding equation (8.1) throuehout by &, we get
S,r Y

I _ _ :4.2(t rt) _
S, 100

From equation (8.2) ue obtain thc raiio
Strengdr at tcst length r,

..(8.2)

.Stren$h at test Iengrh /
4.2(t - r!) V

(I\'ote: The irregulariti, coitsidercd is rhal for srr€ngth result!, ,lo,
rrrfBulanty ol crqs-section or linear d€nsiry.)

The rau of badiag aad tlu tirt to ,,ra!., ttu ,p.x;run
A rapid tesr produces a highcr brcaking ioad rhan a slow test. An

S"r ..

_:l_
.,& 100



THE AENSILE TESTING OA TSXfILES 367

cmDirical rclationship has bcen cstablilhcd bctwecn the suen$h

viiles obuincd a"d iht timc talen to break thc apccimcn (Midglcv,

i.. *a p.;r.., F.'t. J. 7.r4. ILtt. 17, T330 (1926))'* Since- lhis

iei.tionship appean toipply to yarns and fabrics as wcll as ro frbrcs'

iii. *iJ*l. i.i "t.", 
t -n 

'vi- 
-d r"u' propctues depend mainlv

on fibrc orooertics.
iet fr I Jre U."aki"g load for a time to break of 7 sec, and

Fro : the breaking load for a timc o brcaL of l0 sec'

Thcn.
Fr : Fro(l 09 - 0'09 log r)

Bv rounding offrhe figures we obtain
Fr: &o(l .l - o l log 7)
FT

Thcrefore, 
- 

: t'l -0 l log f

Ft

- - 1: O.l - 0'l log 7 - 0'l(t - log ?')
Fo'-' : O't (log l0 * log 7)

Thcrelore,
Fr -Fo /l0\

F,. \TI
E d6L. A var;Lve a strensth of 2OO g whcn the timc talen to

u..J *"" f6 ..".'f",imate th; breaking load ifthc ratc of loading

was increased to cause the yarn to break in I sec'

4 =l',0 
(l'l - 0'l log l-Q)- :2OO(l'l - 0'l x 0'0)

:200 x l.l - 220 g

4 -&0
The percentage increasc -- 

- 

( 100
F,,

220 - 200
:-.- x 100

. 200

- l0 Per ccnt
Ifsome other standard timc than l0 sec is cho6en, 'S 

3ec, th€n

Fr-Fs , /s\_ : 0.r log l-l
Fs \Tl

*s.. d$ Morrd. W. E., a'd rldlc, J. W S PiPi'a' Protqt's oJ TdtiL Fibd'
p. gsS (totitc i-tit"E; A"n Morth!' Iddon, 1962)'
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Figure 8. I 0 shows the load--€xtensiol curvcs produced when tcst-
ing a sample of 60 denier nyJon at ditrerent raies. (Thc curves are
tlre results ot onty one test at each speed.)

In the B.S. Handbook, No. I t, p. t35 (1963), the rime ro break
recommended for sirgle rllread resring fu 20 + 3 sec, but it sho,rld be
nored that this standard is applied to constant ratc ofloadinc tesren
only. For constant rarc of travcrsc machine! no time is sDe;fed-
..On the 'Ustrr' single thread r€ster therc is a 

"p..a *r,t ot \,,|t i.t
allows the rate ofloading ro be adjusted so rhat the specirnen brrals
in approxirnately 20 sec.

txtetrlion (p!. <.nt o toin r.st kngrh)

l
. MaEi.t j 60 d.ni.r rytoo

T6r.d 6 ltE .tEh.' (c.R,E.) 6@

Figw. 8.10. Ia.dazt tuiu @, obtain d dt t@ rot.! of $t ntion

Ttu rapacirl of rtu narhine
Ifa ueak specimen is lested on a high-capaciry machine the rime
to-brcak it s'ill b€ short, and rherefoi an oprimistic strenSlh result
will be produced. The capacity of lhe machine shoutd be ihosen so
that tle rime requircd lo break thc specimen is closc to the rccom-
mended timc.

^ 350

300

50

t00
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Th. .{.ctt of huniditr ond tc,nielatn'
iil'. '''il.l'i,,""i t."Jr'^"io,"or totit' fibres and 6bre structures is

;il;il;;;.;;;unt ormoisture in the sPccimen The moisture

-.i.l,-^"ir.i "r.r,. ,..;ous fibre tvpes difler and naturally the degree

ii'*ii"i ti" ntr. f..p."i" 'ii modified wilt vary' The stress-

.*^i..r*" f"." f,r,ito;hobic malerial such asTerylme rvhen tested

ir ii.l.v.*i. *rli u.limilar to rhe curve obtained from a wet lest'

ii"-ir,. .,t* hand' the curves obtained when testing say a'€tate

;;;;; ;;i';;; ;iri .*t'iut "ig"in'unt 
differcnces (s€e Fisure

8.11)." ii. ro,.,rin" te"ting lt b essential lhat a standardtesling atmosP-herc

r" i"irll".J i" iirJl"boratorv' The srandard atmosphere is defined

i'-'iit'inii-.-r qs: 
^ 'an at;osphere at the Prevailing barometrlc-

;;;i;.';i; ";.;; i"-ia;,vires p" ""'i 
and a temperature or

fi:di;';;*;;:;;a + 2 per'cent r'h and a torcrance of I 2'c
are allowed for a testing room aunosPhere'

Gi l2S

100 Drt

i
"q 50

25

10 35

Etr.Gion 

- 
(p6 <.nd

Fisw. 8 ]t Th' 
'!'c1 

oJ tuktd' o4 bad<'ka'id thnu t'tLtitl

Even rhough a tesling laboratory may have a controlled atmo-

.^r.-- ir ia.^r coorl Dractice to tak€ rn samPles and immediat€ly

U;;;;;,h.;: S"fli;ienr time should bc allowed for rhe samPres

if;#il:;,1;;;'il;.'ai,io." ua"'.'t'' ''s,, 
are made rhe rime

reouired will t?ry and dePend,marnry on ihc form in bhich-lhe

'il[.r'^i " i""ir.i,l.. soml exarirplcs which follow are tak€n rrom

B.S. Handbook No. ll (1963) --

l*:J'.**tl*rii:xyl;,1',*"lx,u:ltl"'ifi:"J;
. h- and lhtn allowcd to reach equilibflum'
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]-f-::l:g inro hank form for sinsr€ thread srrength resting:rreconorlon at a r.h. nor exceeding l0 pcr cent at a remperarure-ofru'(. tor + hr. Ljondirion in a standard atmosphere for i+ trr,Fabrjcs (breaking srensth): Sim;lar p....a,',. ,. i-rl"i i.". .i.g,.
thread rest-

For. special. tesr;og in research and in rhe crirical evaluation ofmarenars desltned ldr use under €xtlerne condit;ons ofmoisrure and
temperature, the testing conditions will obviousty be varied over awide range...e.g. ryre cords in tropicar and A.i. ;;i;r..;.;
Iunher detarls rhe rfader is recommended ro srudv the Iir.rature in
partrcutar Meredirh,s ,t .., oa;lal hopdtus oJ nrt;L fiA,.s, fas*jti
t ctfit, tor.!, rarns, and Fab*s,Morron, W. E., and Hearlc. I. W. S-

2'u.! r:op.a.tut oI nxdh Fibrcs, and Hearte and percn' Miitutt int-.xukr, tn a| ihese boolcs numerous examples and referfnces aregiven.

Th. pt.uiotlt hitary o{ h. rb.cinn
We hawe.seen 

.al 
ready thir the behaviour ofa specimen af,er ir bas

been strained beyond is yield point diffen frorn its b€haviour in anuns(ra,ned condit;on. Chemical rreatmenr, too, may aho affe.l thetensile propenies ot rhe specimen. Darnage to the fi6r e bv chemicaialta(k can cause serious tendering ofrhe fibre. It is therefore desir-
anle lo know tlr€ previous history ofthe specimen iferroneous con-qus,ons ar€ to be avoided.

TheJom of th. test st.cin t

ln.Tany resrs rhe specimen is a composire structurc buih uo from
rnd,vrd'iat fibres or fitaments. The complexiry ofrhe structuie mavrangerrom a retativel) simpte flat bundle, asfor rhe presslev strenstirlest. through rhe more complicated strucrurc of s;nsle ;nd DILdyarns lo woven and knirred fabrics and other forms otiranufacrures.
The fundamentat fibre properties. u.h;te stilt being the foundation onwhrch the srructure is buih, may be modified by rhe interaction of
lfl.lr"l.do"il: A very simpte example is ueti Lnown to spinnen
ol stap-le hbr€s. Changes in the r$,ist factors used cause change's in thcyarn stren8th, et,slkily. Ii\etinfss. lusrre, and olher yarn cf,aractei-lslrs. 'I'h€ labric desiqner comes up againsr problems involvinc the
:n:c.1on Yarp \tal propenies oT changes in rn eft rnay construition
cletarts such as pi(ks per inch. t:unt.3nd crimp.

- 
Thc 

lra,n uho carrjes oul rhe iesting ofrhJ specimens must bcawarc oI tiese interrelated factors, notirig any cuiious behaviour or
unexpectfd resulrs and asking himsclf ,whyl;
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tIIE MECIIANIC6 OF TEN6ILE TESTTNG MACHINES

The ransc ofl€nsile testing machin6 is quite widcsince the sPecimen

-"" u?r",ftitn f-- aiingle fibre lo a conveyor bclt No matter

*ii"r' i*i.'.,-.'i t. *ed it iionlv a means to an end The importanr

"-, ii.ill*i " tt " 
,esult, its intcrpretation and the action taken

i,hen a decision is made, based on the result'"'i;;;;""r;*" oi,'ear pc'fe't accuracv arc few in numbtr

and reoui-rc rhe attention ofexPerts' When tests arc carrled oul ln u)e

iiii. ,i"-'.o"i..'"*" of the lnstrummts used, wirh regard to ex-

;;;;;;, "* 
tot hish. The testing conditions.are kept morc

or less the sami and nominally tlre samc material is being testeo lrom

i".,l"'i." si-urv, the techriques used need not be of research

;i;;;ii;;;;'il and in accuiare mill experiments.the require-

m.nt" ar" mu.h *ore.xact; differences in behaviour whrch may De

""ertookea 
in €veryday routines rray now assumc greater rm-

I"-i-r*.-14"..."*, t "e 
i,t restarch involve comparison between

ffi;;' ;.;;.Lt' hence, sp.cial demands arc made on the

i""'ffi*f ""la -a . g,",t.i '"ng' 
of intormation is frequentlv

reouired.''Tr'. i..io or" t.",ing i!flrument are great if it can be used for

both mill t€sling and experimenral work'

TIIE APPLTCATION OT LOAD AND ELONCATION
TO'TEXTILE SPECT}IENS

arsicallv. two methods are usrd to observc the effect oflensilr forces

;;';i; ';;il";;' 'constant rarr of roadinq' lC R L ) and 'con-

stant rare oi extersion' (C.R E )'.'t#;;;;il 
tcil specimens A and B in Figure B 12' Speci-

#";;;;;;il; ild1top ja*J, 
""d 

i" abottom jawJ'$'hich

{.

fiso. 8.t2. C.R.L. dn C.R.E. ltitirl3
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is mov.ablc. A force F, inirially zrro but increasing at a constant rate-
ls applrfd to the specimen ;n a direction shown. ihe etrect ofaoot,l
rng thrs torce 

's 
ro exrend rhe specimen unl;l ir euenrually breaksiilie

roadrng has rhus caused rhe elonqarion. Here we irave C.R.L.conditions.

. SryciTe.n,B k gripped in the fixed-lopjawJs and in the bortom
JawJ. w-hrch can be moved downwards at a consrant velocilv hv
mtans ofa screu. merhanism. Initially. the tension in S t. ,;"'f"i
when the boltomjawJ{ moves downward thespecimen h extended
and,an rncr€asing tension fu devcloped until the specimen fnaltv
brcaks-. ln this case the causc and effect are the otier wav round'.
exteruion causes loadint. Here we have C.R.g. .o"airi."r-' 

---"-'
L.t OA in Fig!rc8.13 be thc load-<longarion curve o[a specimen,

ancl supposr rhat it is obiained when lested undrr both C.it.L. an;C.R.E, conditio-ns. Funher, Ict us assume that ,f,. ,i-. to li..'tl'f,l
specrmen was l0 sec in both cases. It will be noted that when testeJ
unger- 94.!, conditions the tension develop€d i" th. dil;;;quitehigh"afier onty 3-sec a.d that the specim." 

"p.ra. ir.ri.iit "dural,on ot rhelest at the higher loads. In pracricc; lhc stress--strain
curwes obtarned by testing under both may nor in fact be identical-

9{9"E

t:
t4

2

I

0

Elonrotio. + (sec)

Fieur. S_13. T.ltins 6rt /c.R.E. ant c.R.L_.@dit;M

. In some tesring insrruments baled on the C.R.E. principle rhe toojaw is not fixed but needs a crrtain amount of *."il."t i";;;;5
operate the load-indicaring mechanism. This movement relarivc lottrc t)ottom jaw prelents thc extension of the specimen ar an at!.soiutely consrant rate. Neverrheless, the boitom j;* ;;;;
oownwards al a.onsianr raleand rherefore lhe machines are referred
to as coistant tuk of hai,fir, tcsters, or C.R.T. machines.
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At 6rst glance it miglrt apncar.lhat il is immaicriat $hi' h m(Ihod

t.';,J,-fil, a 'loscr 
sru'lv \^;ll rcveal some imporranr differ-

Th. .llut af the s|"intn len\th

llnrler C.R.L. conditions th. rar or roadinq borh.short and"lorr{

"l^""i*".. i. the same. Or, rLc "th(r hlnd rlIhespeclmen.rcr!gur"td-i.ii.i. 
-*f,i". is iT rrur'1, llre rate of I'ad;ne u 

'rr 
De ttkredseo'

"i;;;.i;:;;". load etongation cunes o6tained on the- scort

s..il'..pt,-. cn.f-. in'uumrrrt, and on rhe Instron' a CRE'

machine.

i.s:,r(CPE)

P€..e^'.cae srrcn on C'i :e'st lenglh

Fieut. S-14. \tt s.-tnain @ts 16 60 d6u Dlar )oa
lzlling Nthtut

bttd on C.R.L. ond C-R E,

Conslant tc oJ ftst
i"ii.i ,n.ir'l,i 

"n."aing 
rhe specimen is to in( r'asr the srr's' at a

l"Ijil"i'.i'.. ir'1..i'-"is the io"e p'r "";t arca it tullo$s rhrt anv

;;;;ilii;;-".-""ctionar area of rh' "nccimcn durinq lhe test

l,lli'"',i*i i" ".i,. "r.he 
strers' Th'rs, evcn itrl'e lu'd is incrcased at

;U""ffi"..i;;;;;'ii"nl"'r'' ''""'.'iorror 
arca sirr cause the

:"';';i;;;;;1. ,,'*s to increase' Sor,'' rcrrJrch ir'5truments are

l:;;# ;;;; i;.P.cial wa\a to a'r ic\ r' x crnstanl I rre uf incr case

in stress.

Pdn, of T€xtile -25



Tanh 8.2. Sotu T)t 
' 

oJ TNih Skadt nlias rst @nt

Trr.

Splin8

Singlc fibrc Balh Magazinc Haj! T616 r^rr,,-
hcs. r.t,&Fa,.r (6rh Edtr). D. i228i:Bd' \B@ Catatnsu)

Stciomctd: Cl@son

Coodbrand; Baer; S@(: Mos.roDAuroturj. (LoD*. Tttrih Tsrii,
(znd Edn), p. m)

Goodbrand; Bau; S.otr; H@l

Coodbhndi Baer; Sotr: Heat: -{!.ruTyF 7105 ccc Muhi.PurPof (r ns',.

nna , toadins by sotcnoid (?. rarI t. t3, Tt7 (1922)); De 
-\tcut.-

h..{cr and Nicototr, chainoharic I ?_'r,rt. lst. , Tl47 (1935)r: Xrai:,
Keyl, warcr loadins (Mrrrh;s. rar,
Fitu' l6th Edn), p. t227)

PEsl.y

D.nison Mod.t T{2r Muhi-Durm.c
(ri,sl. rhu&, .o.dr, st ciDs. f;br;e) l
Gddbrind. t.ad 5hot toadinp (Ca;-

^cr. T.xht lab@dtory .,ttanu;t o.a
Ed.), p. l{l))
Cambrids. ExL.nsomeier tfiLr.s and
hnc )arnr; Ct,ff (fib..s and ) arn\, (oit
sphns in ro^ion) 1.7- nn. tut.2a
T3sr 0933)
Shond H?lt, flar sprinc ( ?. r.\,..1n,r
t1, T493 11927)

Hanikn, roBion b.r ( 7. r.r,. /ln. a6
T226 (r95s))

.Usr6 Aubmari.; S.orr Lp.z

S.otr LP.4 (h.a!, yarn,.6ds. rabri.l:
Bmwn lJ. rdL t$t. $, rtlg s54;
Lanc.(J. T.rt.IBt. a2, Tit4 (tgsli)

Brlli.tic or
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T,F

I

strainom.tcr, British Ravon R6'!fth
a.di'rion 0..hnologi6l R'Pti8t
No. 16l: Enk .nd BrcdA AKU E["'
r.onic ,vn.mom.rcr lRq- R- 9,
N6. 4 lnd 5); Entr iDd Er.d' Con_

,;nn.d E Modul6 Mdd (Ior' i.,.
rl, No. 5)

Imrron {6b6, Yam!, fabri6) i- S@rt

A(r+d.u (6brd, Yim. l'b8rd

ls@t C.t4tocu)l

B-C.I.R.A. (B.S Hsndboot No l l. P'
loe {1956)): Coot (C@lt Publi6tion
'rh. Pti*ibh ol Continwt ntd"r' bY

e. n. Uit'"ot; C"'U*r (J r*t lt"'r'

12, Pl (1951)

rsdlou md Si\tman. (raL R4' 1'
i{. o. 282 (lgaa)); (d. vn6 aar'
i,;- i0. No. 2 (April, 1956))i (crct!
and Gamrt. (J. 744. Int.$, T22Z

0956)

nvdrgulic ratol BuFrint tdtcr3 fd
' fahrid

TIIE PENDULUM LEVER PRINCIPLE WITII

CONSAANT a'ATE Oi IEAVERSE

In Ficure 8.15 consider a sPecimcn clamPcd in the uiPerjaw Jr and

iill:; i;; j;.1, i art'ached to a siccl taPc which runs over a

"-.ii iJri, .r"*iik '. J3 is given a con"rant ratc of traversc in a

iH;J;il;;,, p.iti"pJuv a scrcw mcchanisrn'- Thc-small

il*:'"#Jlf"Ti:'#T$:'1fi::1":thq:i:tT.:"7
lllii, .i i ar"tL"i; n from rhc pivor of thc small pullev'

"'i*r-*" ift" "r*r-eo 
to be i;€dcnsiblc and an abgcncc of any

&;;;'.frJ,-i" us consider thc conditio obtainins at anv

:#H'i;;ai; thc anslc thrcush irhich thc Pcndulum ha.

HJii i-i."i.*. r"ring -momcntr about-ilrc Pivor of thc small

pullcyr p7 : Mg* : Mg&;in|

Goodbr.nd C.talosuc
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The values of Mg-R and , arc constant,
Therefore, a€ sirl,
Since Fis the force acting in rhe lape. ir is also equal 10 lhc tension inthe specimen. Thus, thJtension in the specimen ;" p-p..ii.".i ."the sine of the angte through ."hi.h'rh" p."d,i;;-l; ;.;swung.

Fbd. C.r 5. Th. ,ad,&& ha.r pribittl

Thz 'nathiu rarc of load, I t\
Il::.tP tncrc;s: in ti,J t"a pcr ur t increasc in the dilprace-lncnt ol the upper iaw.

*-1-,h_. l*, *:":n, ler., increasc by a smalt amount d0, givingrlsc to an incrbasc in load d_F. Then,
dF McR

-:-cosad,C r

ff #[f#H:'emcnt orJ, is rd,' Hcncs p, thc machine

dF MgR crt 0

rd| rt .



Thz'tiru tu!. d loading' (L)
iil" i'h?',"'.',i *i;ir ine loaa on 

-thr 
strcimen increase with

,i:,iJ :::#::;:,;;ii. "'r*r'v-r 'r'' 
i'*er jaw J' rhcn'
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time : distanc€, afld also 
'adius 

x angle 
' 

: dis-

dqo,

dtt
dF dd MgR cos 0 o

dd d

blgRo cos 0

(vclocit! x
tance).

Therefore,

Then,
dF

dt

MgR cos 0

Because P

Hence, L is ProPortional to cos 0'

Thus. the lime rale of loadrng varres lnrouqhoul the.test ltis-a

[$Hi,ETr#f 
l'l.",,?fi 11'::*::];r::#"}}'lx::

Ttu' aada nu.hiu ra.u of load. (a,.) 
- -rv oarticular machine and

rhe quanrity MsRlr k a consranr ro:1,, 5iil;;;,;;. i; p,..-
is referred to as the 'standarcl macnlne ra
I^i o' ---. r." .*u.tcd to 45 }cgrees ln this c'asc' for any given

;:,',: iT:l:i; i;ri;;*i"f o" ;'n.'t'n'iutc 
"Pecimcn) 

the maxi-

'ii,"* .i--i"-\r,. rate of l;ding is in thc ratro cos 45:cosrt' r'e'

;:;;;.'fi;:;;; ;;. ;froading I lpproximatcrv 30/€r ccnt ress at

thc 45 desree limit than at the $an' 
.';;;;i; ;,. -^parable conditions of tcst betwcen machincs

t";;#.'';il';;;;;:b.th,i"d,r11';Jf 'ifi 'rf i#.',itl
commercial machines are "t?"dTd]tT- ilf,in.a'^r'tf ir,.,-i. to.
traverse speed of the ttottom Jaw rs orttn
::;i:i".:'fi'il;' i" tca iorm' 'n<l4lin /mi' for fabric tcsting'*T;;';il;;i;;*e 

anv ;*i"'mdni' especiallv the pendulum

.-i ii*".lii.'-.i- r.'"oing loads lcss than I0 p€r crnt oI the

:'#;;T ,#;;i;c Th-us, a rcstrictcd ransc h offcred on a
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pa icu^lar machinc..Where a wide range ofmatcrials is to be tcsted arange or machines is required. In rheory, it 

"h"rld br;r;ibi;i;havc-machin." an having thc same stanjird _r.h;;"[;;""j:
rn practrce, th.s cannot be done for small cap..t,y _;i;*;;;;many small capaciry teilers use 240 Ib rn.

The tfat oJ stucincn cxtension

I:-*:.,,":-l above has assumed rhat rhe specimen restrd u.as

i:rilii;.Tfi:iE:,,!.,.#[j::.".,:il:.:,**:.{t,:;eirensron ol lhe specim€n. The veloc;rv of the ,pp*i.* i.-t." it."that ofrhe lowerjaw by an amount dlpend *g.,ip",i ,r,.._iJ,,iliJpropo.lies of the marerial_
tet P,"* :16e-5..u1ing load in pounds,zr : inches per pound fthe reciprocal ot 4. in pounds perrnch), and

^ 
, : 

-the elongarion of rhe specimen.
,rssumrng a lrnear load_exrension curve and neglecting rhe effecr of(hang6 in.r, the movemcnr ofrhe upperjaw 

",ir,. UrLHr.ii"aii
'nPur.inches. The movemenr of iile bottom j";';;;:J;;:
(mches).

Thc time, { to break the specimen is given by
,,,Phr, + .

Z : 

-- 

(seconds)

i.r. the dis(ance moved by $e bottom jaw divided by is vetociry,Errrnlrk. Ler extension at break be Z pcr cenr,
specrmen ten$h b€ B in.,
breaking load be 220 rb (pmax).
srandard machine rate of loading, g., be I,l0O Ib,in.,and rate oftravcnc be r,.

Dx(cn5ronr.. : 8 ,r 0.07 _ 0.56 in.
I

m

Time to break, f

I 100

(220/l loo) + ors6

o2+0.56
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This last equation shows that the extension ofthc sPecimen pla)'s a

-...:'.';:;';;;i.;"i"g ir'' ti-' to break than the siandard

machine rate of loading.

Th, .fr.tLt ol in rtia
ii"if,"*."'uii"i' ,r',, specimen brcak the pendulum Yill h,ave an

.rcuiat "el"citv 
aep""ding uPon the rate oftraverse ol the bolium

iff;;;;J.;i;*ion If tire specimen The pendulum posresses

iil;;:;; "il 
;lii conrin"" o mo'e "ntil 

the energv has b'en

ii::;;t;. iil;;&J road wirr therdore be exccssive bv an

;"ffi;;r#;;-n th€ ansular velocitv orth€ P€ndulum at the

lili'..r70'*i.lri" 'ou.'rf io*' e or is sreatest for small-loads

but mav be r€duced by having a lower rate ol travcrse' rvrarcrr4r)

li'"15,'""rir.g t^J 
'. 

i.". .t "i to p" '*t of the machine caPacilv

sho,rld be tesre-d on a lowcl caPacity machine'

(st @k,of ceotltr'i O c' L!a)

Fisu. 8.!6. Pahr$ hon as^iN Th' hd t"t"
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I'urther, inex.ensible marerials

errors l)ecause 1he YClocir| of the

::l::ilI ''f" rx"tom jar' giring

will give higher overthrow

'rppcr jaw uill be near to the
Lhe pcndulum a hisher anqutar

. Auebmtiol_ enot. Ar the start of a tej rhe specimen \Lilt srretch

!:::^1: i,; l.o.l, 
*-,.dcd. Du,ine rhis iniriar p."aJl.,s"" r, r,.i,q

oe! croped rn ( l,e .pF.irn.n rll il ir is suftcienl lo overcome rhc inertiaof ' . pendulum. E\,.nr,,al\ rhe ro,,e is hiqh eno;ei ;;J;;;;;:
dulum beeins ro mure. The f.,.. i, ,h;;-;;;;i.,"il;;,il,[:;
Iequircd ro keep rh. p,ndutum motine al irs required anputa,lFloc't). U!ershuoline,,cr.rs ar,d the sp_;me" ,/.;*?rr ,"h;, i,,fact, ar i,,tTe in toad i, tii,tq r."td?d.
. .On an.aurograuhi. machini rtrc load etongar;on cune ni Leiniriallr Bar /exrcn)iurr $ irtr,,ur .ppar.,r toadi,"d,h. .;,";,,;tr
:: li.l":. *:"y i,, rhe c",tier srascs. The error is again hiqher fo,hrqh rdrr\ o! rrarcr.r and lnr inexrensiLle marerials.

Note: This trpatment of the mechanics of the pendutum lcverprinciple is based on the u,ork of peir.ce 6. r",t'. t*r. lz, iiii(1916 rnd \t^,r;nJarcand wuods (J. d. tht.33,524 tlge2Iur a iltlcr dr "ussion lhe,Fadrr x refcrred to rh"se paper,.

t hp '.ok, of padt luat t,,ft t.!ti,,! nafiirust
\Ie ha"\., rF.n rhJr rne t^cd on"the specimen is proporrionat ro rhe
srne !l riF ,nqlr rlI,,uelr \\hich rhe pendulum t.. nr*.a. ff,i,r1rauu,,\h1p causcr rhe s.aJc spacing ofrhe re.ordinq or indicarino
dc\ r, F !. i t,. rrr,e,, err. Ttre calibrarion mark are , losi ar rhe srart ,,-ftire "c"j". r-rarl.ralh I urning more widely spa.rd. ln IFa t€srFrs rhisunc\.(n .dtrt,rnlron rs d(.?rcd, bur on some single.rhread tesrers
specrar ar ranrcm.rits ar. made to obtain an rvenly calibrared srale.One merLod is ro u,e an en-enrric rop pultiy.,;.;;i;h,h..;;.i
lape ,!',c. I hc la!,e d\ L\ un a maximum radiui at the starl ofrhe testa.d (he,rdiui.dc(rca.es .rs rhc pendurum 

"*i.s" i,;,il;,-,.';:lj:,".T",i- " 1. "* "_" 
Juxiliary pendurum acrins in coniun(-

1"".?nj..il, 
,* main prndrrrum. Fisurc 8.r7 iuusrrais th*e" rro

- It must Le appre(iared rhar an even scale does nor mean rhat theresrer tner(rL.e-bccomes a consrant ratc ofloading machine.

'Sc. al$ BaLjte.,_E., and Burron. R. H. .D6.i(c io. chc.tins rh. Catibrarion ot
i;ti'iiilf' rensir' r.sh^ und.r Dvoami. condiLionla J. n;. ;^,t. i,
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t"' 
, u, --u,, ,r'2** 

' ' "' u',
FiN.8.17. Ptuh.I@ kad Mhiur' Siaek thnad:n'nett ktkl:: la) An aatn b'
"""' ' iia" n obtoin q ea rdk'; \b) Aa dwilid) Pndutua ta obtan a 'ei

\.d; Xou nu auqlaqhi. I.oiihe d'ti"

cotlrkml tut. of toadinr uith a kndulum bad mahitu
6;"; ;; ;;;;";*** o'r the pend'rlum Iever machine is that

I.i.*-"i u.a;rr* ""ri"a 
rhroughour the trst, th} rcalons for thi!

havins alreadv been discussed. l\Iachines are avarlat'le' how€ver'

*lliJ'"trfro""ift us;na lhe pendulum lcvcr p'inclPle incorporatc a

spccial load p-acing device which enables C'R L trsB to bc made'
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Figure B.l8 shows the general mechanism ofan Avery machine.

To obrain C.R.L. condiri;ns a disk concentric wilh rhedial \ate is
rotatrd by a motor-driven variabl€-speed C€aring (Figurc B.tg),
This disk has a series ofspots near its edge. When i test ii made thi
rare of loading is selected and rhe speed of rhe disk adjusred. Thc
poinler which indicates the load is thcn kept in srep w;rh the disk Ly
means of a handwhecl control, the spots on the disk helping thi
op€rator to keep thc pointer in step. In cffect, the operator accounts
for the cxtcnsion of the specimen and at the same tilrre maintains a
consta4r rate of loading, or very ncarly so.

tlolder conDecting pin

itood indicotiig pointe.

ri

{8, attult of ,trq Ld)

Fi9".8.18. Th. ,4!q ktkt

Th. Stelon t,/
The pendulum lever principle of loading ir used in this cotton
6bre bundlc slrenSrh tsting instrument deiigned by Henel and
made by Spccial lnstrumc..ts Laborarory Inc. of U.S.A. Its name is
coinrd from _ST-rength and El-ongarion, the two fibre properties
mcasurcd. Measurem€nt a( €longation is possiblc sirice t}e sample
may bc tcsted with thc Presslcyjaws scparated by I in., as opposed ro
the morc usual zcro gauge Imgth used in flat bundte tesring. An
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imDonant fealure of lhe instrrrment is the ingenious mcrhod by

wh'ich is dcsigner has eliminarcd the inerria errors norhally as-

socidred u ith pendulum lever in\truments.

lBt .ottuD at Autt ltd)

Fisuti E-D. m. tud in tuoht and loo.l t'dcils dit* of th' 'ltYry kttt
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A random sample of cottor 6bres is prepared, short 6bres being
removed by combing so that all the frbres in the test specimen extend
all rhe iray through the jaws. Figure 8.20 shows the main com-
ponents ofthe St€lometer. One ofthe Pressleyjaws,Jr, is mounted in
the adjustablejaw holdcr carried by the beam. The otherjaw,Js, is
mount€d at the top end of the pendulum. The beam carries the
pendulum which is pivoted at O. The centre ofgravity o{the beam
is ro rhe right ofits axis ofrotation, A, and thereforewhen a retaining
catch is taken off, thc beam rotatei in a clockwise direction. The
centrc ofgravity ofthc pendulum coincidix with the axis of rotation,
A; thus, the heavy mass ofthe pendulum bob has minimum move-
ment and inertia cfects ale largely elimi[ated. Considcr rhe con-
ditio* obtainin€ whtn the beam ii,inclined at an anglc d to the
vertical. AssuEling for''the moment'that the specimen has not
stretched, thc pendirlum will also be inclin€d at an angle 0 to the
vertidl, In Figurc 8.21 let GoQrepresent the pendulum and l€t F
be the force in the fibre bundle, The desigo ol the instrument

PRINCIPLES OF TEXT1LE TESTINC

Figd. 8.m. Tlw Sklo,n t '



IleIIce,

Therefore,
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ensur€s that the force F will nomiflally act at right angles to OOQ'
The clockwise modent ofa about the Pendulum pivot O will be

FxoQ
This moment is balanc€d by the aflticlocklt isc moment of 

''l, 
the

weisht of the pendulum, about O.- W xocsino
FxOq:r4lxOGsin0

OG
F:Wx-dn0

oq
and F: * sin d

(sincc llz, OG, and Oqare constant)

Hence F ca sin d

Thus- thc load on rhc frbrc bundlc is directly proPonional to lhe

sinc ofrirc anglc through wbich the pcndulum has movcd Therrfore,

if Gc rotation'ofthc iam can bc s; contoll€d that sin 0 vari€s at a

aoostant ratc, thcn thc ratc of loading will be coflstant'

Jr

Fisu. E.21.Ab prltuiln of ttu St'lotu'a

B€arB rotation is confoUed by a spccial dashpot qc1'rq '1 rcd

.....iiJ m rt. U..- ;" connccted to the pison rod of th€ dashPot'

thercby applying a restraininS force to thc bcam as it s\'rn8s:ound
ii'. .*i i?ri""?" g.z0). ThJgcomctry ofthc svstcm i! so deiSn€d

rt.t rh. ,"iui.t r.t*iiy oftha bca$ i! such that lin 
' 

vari6 at ao
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approximalely constant rate and rhucfore rhe r.atc of loading is
approximately consrant. Dashpot adjustmcnt is made so dlat the
rare i,floading normally rr,cd is I lg scc.

The breaking load is indicated by the pointer Pr shich moles over
thr large scale gradualed fiom 2 to 7 kg. Thir p,,jrrcr, P,. is frcely
mounled on the axis A and is drilen l,r' rhe scnsinq pir, 6xed in the
pendulum, the pir pushing the cam S. As soon as.the tcst fibre
bundle breaks, the sensing pin falls au'ay from the .am S and the
pointer P1 stops immediately; the b.eaking load can then be read

The percentage of elongarion is indicated on a small scale b,v the
pointer P, thich is suspended f.om the arm ofpointer P,. The scale
itselfis driven by the sensing pin pushing along cam E; in this $?y
the scale is given a clocku,ise movement. Now, ifno elongation at all
took place then both the pointer Pr and the elongation scale \rould
move together and the pointer P, $"ould remain opposite rhd zero
ma* on th'e scile. Elongation of the 6bre bundle causes the sensing
pin to change its bodtion along cam E and the scale lags behind the
movemert of Pr, ihus, thc movement of the elongation 1,ointer Pr
relative to the scale is to the right and hence P, indicares the per-
centage elongation. Whdr the sample breaks, the sensing pin moves
aBay from both cams S and E and both pointer P, and the elonga-
tion scale stop. The breaking ioad and the elongation are then noied
directly.

Even \\,ith a sampl€ tested at zero gauge lengrh on the Stelometer
some elongation u.ill be indicated due to the fibre slippage betir€en
the faces ofthcjalrs, and it follows that part ofthe elongation indi-
cated at a * in. test length \rill b€ this unavoidable error. To get the
true elongation two tests should be made. IfEis rhe true elongation,
Jlo the elongation at zero, and E the elongation,at * in., thcn

After the bundle has be€n broken, rhe 6bres are collectcd and
l\'eighed, From the indicatcd breakiDg load a. a ir. and rhe frbre
{eight in miuigrams the tensile strength ofthe material is calcrlated.

Tenacity in grams per tex :
Breaking load in kilograms X 1.5 X I0

' S3rnple $€isht in milligrams

Thc sample lenFh is 1.5 crn u'hen the { in. gauge tengrh is used,
hencc lhc 1.5 in the formula; the t€nacity calculation at zero gaugc
lcngrh s ill use 1.18, i.e. the samplc lcn$h is then l.l8 cm.
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From our earli€r discussion on the etrect of sample length on lhc
strength oftextile samples it is not surpiising to lcarn that lhe tenac-
ity obtained at t in. test len$h is less that the t€nacity at zero galge
length. It is posaible to tesl ti{o cdttons and 6nd that although their
tenacities are similar at zero gauge Iength, a ditrercnce ofup to 20
p€I c€nt may be found when tested at { in. Thc ratio between the
ienacity at I in. and at zero is approximat€ly 0 5 but will vary, of
course, with the naturc ofthe cottons tested; for long staPle uniform
cottons the ratio h'ill be higher than lor short less-uniform cottorx.
About sixteen specimens should be tesred in order to obtain average

values \vith confidcnce limits of about r l'5 Pcr ccnt. Further
discusion on the use of the results t'ill be found latcr in this chaPter
when 6bre testing is.considered gen€mlly.

For those readers with a *,orking kno\,r'ledgc ofaechnical french, a
more detailed account ofthe kineinatics ofthe Stelometer is givcn by
de Meulemeester; Raes, Fransen, and de Bz&er tn Anruhs Scic*i'
jqucs Texrihs Bdgrs, p. 49 (Sept., 1956).

THE BALAI{CE PRiNCIPLE

The batance type of tester is baseal upon the 'irinciple of moments'.
In Figure 8.22 let AB be a beam having a fulcrum at Point K. A
force F is applied at a distance /r from K ard the bcam is kept in
equilibrium or balancc by the tensioa P dcvcl,oped in the spccirncn'
Practs at a dirtapcc dr from IL- 

ii"* ,u"Lr*;lrrtri ao.L*,i"" -o*"nu i" .q,ral to drc liir of thc
anti-clockwisc moments,

Pxd':Fxdl
The load on rhe speciaen may bc varicd by changiag thi Alue of
the force F or by changiirg thc distance from thc fulcrum at thich .
constant force !. acls.

Fis@ r.22. rh td@a PivitL
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Sev€ral single-fib.e testing instrumcntr have been desig ed round
a balan.e, e.s. rhe Barralt and the Kt.is-Ketl. Su. h instruments are
qenerally int"ended for u1e in rese"rch liboiatories. DescriPlions of
them i. ill b€ lound in a paper by Osumi and Kato (,J, Text. IL't.24,
Tl29 (t937)) and in Chapt€r 22 of Matthe(s' Tetile Fibret (6th
Edr). The testing instruments described here ar€ modern machines
\rhich are commcr( ialty availaLle-

Th. h.sslot jbft sttc qth t.'tct
Thc Pressley jfftrument t€sts a small flat bundle of parallel 6bres
gripped betwecn special clamps. From the bulk ofthe cotton several

rmail tuf* of frbre are scl€ct€d at random and maniPulated into a
parallel ribbon abourt { in. wide. Acoarse hand comb is uscd initially,
ind fm the final com6ing a small comb mounted on a vice is used.

TJrc ribbon is placed across the two black clamps which are held in
thc vicc (Figur;8.23), Thc top jaws of the clamPs are ther snapped
orer the ribbon and tightened to a predctermin€d limit. When the
clamps are removed from the vice a fringe of fibres will Prcrude
from each side. These are trimmed-off flush \,,'ith the faces of the
clamp6.

Aithis stage r,r'e have a small ribbon of parallel 6bres of known

Fiaur 8.23. Tfu P/.$lq fbQ 'baeth 
ktt ,
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lenerh. 0 464 in., bul of un-known weight, griPped at zero specimen

i."!,t u.*."n the leatherJined jaws of the clamps' . ..
fhe loadine device or Pressley teter proper is basrcaxy a oeam

""r';;:A;;,;;;;;; 
of the insirument is shown in Figure 8 23 and

Iiili'ir."l.* ,?, ;it,,*"r. io princiPle of oPeration L siven in

i';.,i ;.;i: ffi i; ;;"* piuoted ut o when the end B rises' thc

i,;i;;;; c' ;.'es uPwards and awav from the .fixed. 
lower

"i"-" C". :fo.aiw ort the test t}le clamPs are inserted rnlo tlle eno

:fi;:;Ji.;. ;;'";;i" iig,* a.ra, a'nd the irurument rcverred

;';:i:;il;;;;;it i.""iu"l, i"io the beam lvhen thc main

;#;:i;;;; twei the beam has a sright incrination of a few

ilil... i"ir,. r,..r,-hl. The he2ry rollir-g weight W is iniriallv

;:i,i]."";;'i,;'i;;;lh, t,,t .s s"on a" rt'i" is rifted dre weight is

il]i'^la'",i1'..ir' t.*" the beam. As w moves awav from thc beao

l,l'"Jii" r."...-1 "i 
it c arm AO increases ,ntil the forcc exerted on

ii."'rl[.t "f-nti* 
f-."mcienl to break it tu soon as the break occu-rs

il;;;6';..P" 
-;J 

a trfi"g device causes lv to be stoPPed

instantlv."'iil'iio'". 
""r.[cd 

bv the roling weight is a measure o[ the

load reouired to break the sPccimen A scalc calibratect rn Pounol

iI?*"'J- .t irr. u..- and an auxiliary scale on the weight

enabies an accurate reading to be mad€'

Rolliig w€i9ht

Figuc 8.24. S.h.nalh diag'M of ttu Pt*tll fb/t ttatgtt ktkr

The clamDs are removed from thc tester' lhc two halv€s of thc

;;;'.;-;;;;" colleded, and rhen accuratelv weighed-on a

;ii:;ilI;;;J;"e. At tt'ls p"int ttre i"formalion availablc i5

iil;;.k#;Jl; po,,',as and the weisht in mirisrams' Thcse

[:, ;ffi;,%;'*IJ. J'"r"t" "'oi"l -'*"o or thc fibrc

stren{th.
(l) the Pressley index (P'I')

Breaking toad in Poun&

Bundlc weight il milligrams

Prin, of Texlile -26
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(2) Tensile strength in pounds per square incht
[(r0.8rr6 >. P.r.) * 0.t21 rv lo)

(31 TcnsiJe strength in grr-" p., r.* '

:5.36 x P.I.
(+) BreakiDg length in kilomerres

:5.36 x p.I.
It is recommended that at least six breaks should be madc on a

sample ofcotton and that th€ differcnce benveen each break shoulan.t br grezler than 0.8 jn rhe presstey indcx. trcrd and Under_ooJ
lLnp. Lol. Gt. Rcr. 35, r*o. I (t95Br) poinl out rhal the level of test
rcrult, d.pcnds lo some exlent on tlre preparation ofsD€cimens bv
rle o-peraror and on rhe degree ofsear in the leather oithe faces o'f
lhe ctamps. Ay tesring a series ofstandard samples al the same lime ds
the ren .Jmples, corrections may be applied ro "u..-rn. rt..rr*,due io operator difffrences and rrear in the clamps. Lord and Under_
\(ood furrhrr point out thar at trasr sixrecn bundt." o.. *-"t. -"..bc rFnrd 10 obrain average values *irh..rfid."c; timiis;i;L;;;
l2per(enl,
. The normal.specimen lengrh for rhe pressley is zero, but re.ent

derelopm.nts rn hbre rest;ng indicatc that a lest lendh of I in. iq
more useful. It is possibte ro modify rhe?ressley r.rte. i-n o.aeiro rse
a \pecrmen_ot lhrs tenglh. Due ro lhe,weak link effect, discussed
eFerrhere rn rhrs (hapler. the strenglh oblained at * in. wijl be less
lhan thal obrained at zero qauge lenglh. The rario ietueen rhe rwo
r e.ults is f,bout 0.5 and wjll vary wiih rhe deeree ofuniformitv olrhc(or(ons iesred. Long fine colrons give hiihff rarios lha; short

, 
Ra,te ,I kadine. Since the toad on rhe specimen is proporrional ro

rhedrsranc. belween rle beam p;vol and the (enrre ofgiaviry.ofrhe
rollinq \eight,.rhe rare oftoading is govrrned by the sp-eed ai *hir h
the $riqht roils do$n the beam. In the normal tesr rhe.weioht iq
released at zero vdociry and it qradua y tr*.j*" i" ".f..iiv'"" iirolls. Hence. rhe rate of loading increases rhmughour $e t..i. fo,
rcsearch 

. 
purposes it is possible for the laboratory conceined to

conrrol rhc \elociry of rhe u.eight by a specially -uae a.ulce urrJa(hi(!r C.R.L. tes! conditions.

The Dotnoa T42F
Cords. ropes, and heavy inQusrrial fabrics require hieh caoacirv
le.t;nq m.rchincs. The Denison T42F series ofi... o ,i'"*;-"- 

"'r15,000 lb. Naturallv thc machines are of robust design. Although
.Sce also lrrd, E. Tr, Cld tdkti'ti.s t Ra@ Couon, p. 2t 7 {Tatil. IBtnute, 196l ),
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C-R.L. conditions are ofPrimary importance these machines can be

];'j"li ,. "r'lE.n.i. 
i.'iins,i"t in th' a"criptior which follows

dn.l. is a;iusea. e 
"chematic 

diagram ofihr rnachine ts shown In

Figure 8.25.

F;sd.8.25 5.1utu* diae@n of 14 D@Len T12F t''tiL knins na'hia'

The C.R.L. mechanism consists of a steelvard AB having a ful-

..,;,ii"u;R.;;;';;;;af weighing lever EF iraving a fulcrum at T'
:1lil,''-r.l;'..:; l^:* .o,ot.a ih'oueh the parallel lever cD The

;::i':l': il;;:;;iilil.;;;ik' or'a carriasc K' the rear

-.h.Fk .rhninc uDon non-\{erghrng ralls'
"'i',iiii'r", ir'."r*,I; J. "rtlJ.'*I"g" 

i' al'*tlv above the t'ulcrum

.f th. steelvard and thrrs no moment rs prestnt' Thc distribution ot

iii'i'.",1'""1*l'-iiu.il; the rront ani rear axlcs can bc adjusted

tr".ri"ir", ,1,. i".rtr"n of a weight on the carriage ln this way t]lc

i,i.i'iir",1#i'" lii,sted. rhe ?eason beine understood whm rhc

1,1i".,1*, "r'ii.--"ir',ne 
is $asped. The cairias€ is trave$ed at a

:$#J;;;; ;;;."a ir,..k"."'r'' **'rincrease ormomcnt

'Ht L'1":1'H"t'r"ccimen is applied throush the rr:rlagas ana

h^#"i;;, ; i;;'; tr'' 
't"lvuia 

'n""u' o' b in equilibrir'::t"rhe

i::: t;:;;;;;;,stan1 rat;. In order to maintain equilibrium

;:';;:ffi,nil;;;cimcn i" tak'o "p 
bv thc dohnward mo.',e-

;:^;;ilili;;;";;:iln grip. An oir Lnror varv€ is operated bv

Primory teigh'ng l.ver

Lower row t
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thc movemcnt ofthe stcclyard. Thc effect is to control thc downward
movrment of thc piston in the hydrautic straining cylinder. Thus,
the.stretch oI rle specimen is accommodatpd -ani 

equilibrium
corditioB are mainbined automatically.

The magnitude of the load on rhe specimen is measured and
indicatcd by a special device. Thc effect;frhe tension in the sDeci-
men is to producr a force in an upward dilection in rhe linl Fi. An
upward force in the linl AD is produced by the moment of the front
axle load on 

_the steelyard. These two paEllel forces in an upbard
direction are balanced by a downward force in the Iink L, pivoted at
Son the parallel lever and at H on t}re capacity change icver GH.
This force is measured by a lever and spring s,siem, tr;nslaled inro
the-acrual load on the specimen, and indiiarid by a poinrer on a
ca.librated dial. rhc maximum load rcached being indicatcd by an
auxiliary poinrer.

An important part ofthc measlrring s)rtem is the capacitv chane-
ing d.vice. The change lever GH lo which thc IinL L is connect;
llay have a fulcrum at any onc of several points U, thc s€lecrion
beinc made by a hand-opcratcd carn. Bi shifting thc fulcrum
position t}le nechanical advantagc of rhe lever is aliered. Thus, is
the fulcrurn nearest end H is selccted the capacity ofrhe machini is
at ils highest range.

. Since many typ6 ofspccimcn are t€sred on a machine such as th.rs,
rt rs-necessary to have d suitable range ofspecimen jawr r r grips. A
lufthcr rclincm€nt is an autographic devicc to record the l. ad_elon_
gation behai,iour of the spccimen.

LOADINO AY SPRINOS

A uscful property ofa spring is thc lincar relationship which exisr!
bctwcen th€ arnounr by which fu initial stare has been changed and
the forc. required to produce rhat changc. The use of a-hclical
spring in tension is found in rhc Cambridgc Exrensometcr.

Thc helical spring S in Pigurc 8.26 has a linear strain curve and
thcreforc thc tcnsion dcve,loped in it is proporrional ro the exrension.
Thu!, by o.tending the spring at a Const"nt.ute a load may be
applied at a constanr rate. The sprcimen is mounted between the
B_nnc Gr -ana cr. Ai this insrrumcnr is dcsigned to rest single
6brcs and finc 1,arns, spccial mcthbds are usei for mounting ile
sPccim.n!.

The_uppcr grip G, is conneetcd to a.l€af spring which has a re-
striat.d movahcnt bcfi een thc electrical con_tacts C, arrd Cr. l]t is
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leafsorine is also connecled to lhc helical sPring whose upper end is

:iilI.i i;;;dilH' whirh has a verrical movemrnt controllcd-

;ffiffiil; il;;tG'a,c.e*ed'od R rh"'erlicat movement of

.li. tor.. g.ip G, i, .oitrolled by the moror M''-'i" i".i i,ii' cin.r. conditions thc motor Mr runs continuouslv'

the rate ofloading being controlled by thP <need ol rotatron ol tnc

"";'.-J 
;Jj;;;"";i;'6v g'a*ha"ges)' a;d the stiffness ot the

spring (intefthargeable).

Fi2'4a8-26. Sdonntir tbgtd ol b C,nbtidst Etlfutututtr

At the sta( of a tcst, with zem load on the specimen' the leaf

*rir- *ru l. if".*s uctween the contacts Molor Ml isswitched or
y"Tiil.f,oi#-ilff; upwards at a.corutant speed' The spring

.-*ral *ilLi " 
.pptiei to rhe specimen at a constant rate The

H.:i;;';i;;-';il* ""u.o 
ti',. lcaf spring to be deflecred

ip**J"'""ai.J*"".ry:::':::".1:;#;XXI:11"T#:f;
M^- causine lhc lower grip to movc oow

;i;ilj"pf:;;rfto'n. ln aoing o, ttrc tcaf spring is putled off

.H;#;i;.;;;oior M, i" sitchcd otr' This cvcle or events

.orrtit i,es .rntil thc sp"cimen breaks'
""'i'i'1i'".J.r'. mir;our of the sPecimcn a chart is mountcd on-a

"*"J;il:; i;;i'is,," o:21'ht'" -o".,'nt or the horder-H'

ii.;iJ,i; ;;;fa; rh"jo" a pen which has an idcntical

il':j;;;;i; H, records thc load' Tlc motor M'' whirh

fJ:i;-;ff;;;:'"irnen e-xtcrsion ii beinc taken up' arso

,L"-*_-ri. "r,"* 
cylinter, angular mov€mcnt of thc lattcr bcinS
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,P-.:ryIi"rl ,9,.p:.iTen_extension. Hencc, a load- etongalion curve
rs produced wilh rhe load on the vertical axis and rhe eiongation on
the horizontai axis, i.e. a cun.e rvirh rectangular co-o,din;es.
,.lJu€ 

to the intermitrnt movement of moror -\f, the curve rtill beslr8htly.stepped, bur by suirable selecrion of geai ,atios lhis efl.e.rwlrr be hept to a minimum.

,,,

lB, au|,! dI ttt c,wh,irr. ktiiha, co_)

Fisw. 8.27. Tju Canbids. ErtNon kt



THE TENSILE TESTINC Of TEXTILES 395

Coa dnt ruk o[.xl?nsion ksts ofl th' Canbtidg' Etklton?t't
i, t.tt *;thCn.f conditions the molor \12 runs^con(rnuourry'

extending the 5Pecimen at a constant,Iaie 'lhe lcal sprrng rr o'_

4.",".1 .lnwnt'ards as ihe lensron ts oeveroped in the specimen Whcn

.""i".,;i *ra. "i,tt C, the molor Mr is st il( hed on' extend'ng the

.i',* ".irrli" t."l",i in i, rotun"i the rention in rhe specimen'

Ih;'ili ';'i;; ;.';;;nt,atrv puled a*av rrom c' and motor \r'

";;':;;;i" 
rh'e cvcle or etinrs conrinuei until tlte end ot rhe t'st'*f;';';;,;i;; 'ri; ,tecimen need no( be rakrn 10 the breakins

,.Ji.'l""ir"g ,p i" I given value' rollowed bv unloadins' mav be

i,.ried o,-rt rhroueh one cycle or perhaps rhrouqh a numberof

"""1".. S"..i.l limit s''\ itches are in"olporated in (he ;nstrLrment lor

iiiJ''",.#... ir*ri,'iv, .*t.n'ion' 
'o 

gii'n p'r(entase' ma) be used'

il""fiiffii.";.;;;"Jii"g '-i",,-. 
nu'i t'ngths bv adj'srinq the

iiiti". .iit. s'iot. i, ts posiile ro addtxten'ion rod' ro enable the

I"".1-." . be" t..t.d *i .n immersed in tiquid The reader rs 
.re-

i[',cd ro rumo*\ puper on rhe stress-str:in orooerlre! or a numncr

:;';;.; ?;.'t;';.'dt. {7, t5B (rssb)) rie c"mbridqe Ext"n'

."-** "r. *"a in the expFrim'ntal \!otk'
'" e"..r". "r"i"l..irlle 

coicerning rhe Cambridge insrum€nt is b)'

rril'i.'rii.r,.' ta*,g. Drs' No 26, P 26 (\{arch' l9se))'

THE INCLlNED PLANE PRINCIPLE

C,onslant rate of loading t€st conditions are obtaincd by using thc

if.ii;;' pi;;";;;;'itoct i.,e. r;g"'" 8 28 sho$s the cssential

oarrs of an I P. tester'*;i"';i;;;;81;;;,ir, pivoted at K. arnnq rrhhh-a heavv.carriag'

C *" ri:r. ft'. "p*;"'en 
is clampcd in a fi xrd jarL Jt aad arso'n rhe

FiCut.8.26- Th! Inrtiad Plau Pin'ilh



jaw J, on,rhe carriage. TIe plane is riked by dropping the end B.Let tne ptane be inclined to rhe horizontal ty an'anlle a. tf tlereight ot the carriage is raken as ,,t/, the:.: :h.'for.s ,ipl;ea ro iir'e
specrmen .an be catculated by resolving rhe verticai ?orce llz in
two dllectrons -parallel ro the ptane and at righr angtes to rhe ptane.

Let P be the force paralet toihe plane, i.e. ihe f..i. 
"ppli.a',. ,i,"

ThenP:Wsir0
therefore, P cc sin d
Hence, rhe load on the spe(imen is directly proponional ro the s;ne
of rhe angle ofinclinarion.

_-r]l,lnj,.,li"rn KAB..sin- d ,AB7KB. Since for a parricutar
machrne tt! rs conslant, sin d c. A!. IIue can increase rhe value of
sin d at a constant rate, the load on the specimen is increased at a
constant rate. All w€ have to do, therefoie, is to increase AB at a
constant rate. This is achievcd by lowering the end ofthe plare, B,
at a constant-:leed. On rhe Scott Serigraph the end B takesihe fo;ola wheel which sirs on a sma platform. The latter is lou.ered and
rarsect by,a gear mechanism.

. It will be noticed that the exrension ofthe specimen ra,ill not atrect
tbe rate of loading. rhe carriage m.rely roliing funher dorrn rhe
Plane.

^ 
An instrument olrhis q.pe is not enrire]y free from errors ofinertia.

Drgrns to rott. ()rI an aurographic resler such as the Scort, rie
rnclrnat,on ot the plane causes the pen to record a load on rhe chan;
thereldre. dt the srarr of rhe resr a load is recorded wirhout anv ao_
parent exlension. The inertia effecls produce a slightly sar!, l'oaj_
elongatron curve (see Fiqure 8.29).
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EloDgotion
Fis!4 E.29. A Laq load .,l;.rio.a w 48.t1 b ihtio.J..u i4 thf Inrtia.d pte uttd.AW,dt t adt4c oJ ,l4iwn uihout .toasatiM nt lta .r k

- Ottrer potential sources of crror inciude friction in the wheel
beadngs, dirt on &e &.heel ms and the rail, pen friction, deviations
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f'^m rhc horizontal \1hen the plane is in rhe neutral position'

-ili'-'ii".'i .r ,r" .t ".i 
l" ;." i'aa*' "'' ln an efficient restins

i"i"..:.* "ii 
,t.r. ,.ints $ill be atlended ro, regular cleaning and

:i:;il; il;;;; ;.ntial part of the running of test equipment'

Ft *" 8 30 
T:,.:' li l,Y,rl,f:tr* !;r;r i;:.k:ii:l:.' iT i,'i** 

*'*' 
^'

Tta S.otl SdieraPh

+ii. s..; iiP; i, an exccllent txample of the app]ication of rhe

-.il*J ,:"." pt.iple. The main features ofthe inslrument can b€

seen in Fiqure 8.30:
l"\"i'.-,iir, *;r "r""s which the n{o-u'heeled carriage rolls'

);( ;,irtui;;J;G;;i";ich are added to thr rarriase ro increase

the capacitY to 1,000 g'

13, ril;ffi:i;;;3n the right'hand end orrhe carriage rair'

'"' ilrl*i..i .i" "" . small plarform 6xed to a verrical rod which

,:'ii:liiil;'"ii;; a'.i"*-a' '. 
inct;ne the ca,iase rair'

ar 3#;; ffi;;;,Ii" *r'i.r' enabte road cvctins test" to be
*' 

.".}?i"i ."i. 
-lrt".'esir 

and elastic recovery ProPerties can br

studied conveniedly'
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(5) Specimen clamps which can be s€t to any test length betweenzero 

^nd 
20 in. This is a useful feature'which 

"i"tf* 
".ir".i

- Iengrhs ro be resred. e.g. rhreads lrom small ".rpl* .f i.Uri". 
'

(6)^ A (harr hotder. hotdinfa chart ruted wirh ...tit;.;;;;l;;;;./\ oeveropmen( rn rhe Scdrr range of inclined olane r6tF^ n ,;axromatrc version o[rhe I.p.4 model used for ,o,irg ,y* ...a, .iJsimilar yarns. The leir malerial is fed to rhe ,r,".fiirl *f,iif,"J.i
carries out a preset number ofresrs, t;re rcsuhs b.ing p.i",.J lrt;, upaper tape. Test ralues are recorjed in gro.,ps of iO, and as eachgroup is complered rhe rorals for rhe str& 

",ia ",ruir, 
.otr.*1..printed our, allowing an easy menuf .":.uf"tio" ofii,.'"r-.."g; "

Th. ' Uttzr' )am ttrcwth tcrkr
This Swiss irsrruminr is an automat;c single-thread (csrer. Theheart of,rhe 'Usler' is seenin Figure 8.31, whl.f, 

"f,orl,. 
*. irifir.iplane, rhe screwed rod which jnclines th. pl*", rrd th;-;;iii;;caniase_ Two carriages are avairabre, ea.h ;ti.jalJ"."i**'iil

and so lhe capaciry can be changed in steps between G-200Ld0 2.000-9. Once Lhe yarn has been-rhreaded, ,1,. ;urr_*i *.i.1out the funcrions oftesring, recordinc, removing ,h" b..k.;;;;;;;threading up rhe next r-est hngrhiafter rhir",h..y.l. ;;;;;;;;unt;l the required ,u-u., ofie"s h",. b;;;;;l;:-;"";:';:;i
shows a genrral picture of the resrer ,r*p**";i;;i;J;il: tit,,;ft.L1"":*e or the rorJowing

(rl r heJaws, s€t 10 give a test lenqh ofS0 cm.
(2) A magnetic tension disk adjuirabte ro g;ve rhe desired pre-resr

(3) The,contml parel containing the srarr stop button, a swilch roser.the requrred number oflers from 20 to 200, and counrers roindi.ale rhe number ofresrs made, the rotat breaking load, andthe total elongarion.
(4) A chart which records the individual breaking loads and

(5) The lower panel is a novel featurc. This is a grid on r.r,hich thefr€quency 
-d;striburion of rhe breaking toads is disotaved bvcolumns ot_ steet balls. The heighs of the columru' represer,t

rrequency.. r.e. one ball per tesr, and the horizonral basJ tine isgradr.rited tiom oJo 
-t0. Thus, a ball dropping three-quartersor.u€\a, atong the horizontal, with rt. ijpuiity or rn'e r"rrei

s€l to b00 gr represents a brealins load of 45d g. Iia permanent
record of,the distriburion is re[uirea, ", iripr*r;ir" .* U.rranslerrecl on ro a special chart. By a geomerriial construction
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on the chart an estimate olthe standar'l deviatron can be made

r€lativelY quick!Y.
A'i*i;';;.i seen in the pholograph is a variable-spred control

*rrii"""tr"t if,. .*c of lolaingio be uajusted to give a time to

irgw. fiJ. fb'U!k ' singh-fil.dd ktt" Nott tt' totlkg ffiiogt @ L\! itulitud Plau
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lreak.lhe specimen of 20 sec, rhe time recommended in rhe B.S.Handbook.

. When the ser number of tests have Leen carried ou1, a Luzzcrdraws rhe arenrion of rhe taborahru assistant ro ,ili;;"i;:
:y::. i.!: ,:,,9, "i- somerhing amr.. occurs durins rhe resr.€.9. rne yarn rangtes s hen being dr awn otr rhe package.

An accessory to rhe'Uster'is a device which ;nabli ten packaeesto be crr€l(d behind the tester and a chosen number oI rdr mir.lrom eacn Pac(age automaricallv.

. WiG rhe developmenr of suci automatic single-rhread testers as

:le-'Y-yl one oI+e major disadvanrases or rr,-. .i,gr._,r,,.;JiJ
L.-"_i::1"-"9ro.l technique is eriminated. me o!e,uro,.s Lim.raxen_p€r tesl N eKr€mely shon and as the test" *. Oeing r"aa. h"or snc can be otierwise o(cupied. Further, since the r#eading ismechanical, lhe ditrercnce betlveen opfrarors is ". [r;;;;;;,

rni serl-rs,rrc oR rMpAcT TESTER
The.results,from- rcsting on an impact or baIistic tesl€r (see Figure
1::1 .1: q** rn units ofsork or enersy, e.s. inch.po;nds. thirmeans lhat we mfasure the .work of,uptuie, of rt" ,p..1*..,

lB, e.,, 4 c.r.b..d O c.. r!4
Fig@ E.32. Th. lollilti. krtinS,ra.hitu



TIIE TENSTLE TESTINGOF TEXTILES 4OI

instead ofthc maximum load that it will stand before breaking' The

"ri.* J,.i..a "" 
,tte ballistic tester and the usual type of tensilc

tester are not. therefore, directly comparable'-- 
ii.l* s.ta rh"*" . t'.u"v p"naut'* pl'ottd at A TI€ spe(imen

i" ."7t.'J ,, . n*a point ii and ako connected to a griP J' on thr
Li "i ,r,. ,*arlr*. t-et ii be the centre of gravity of the pcn-

i"i"^ ..ai* ,4/ lb be its weight lnitiauv, the pendulum is in

Dosition t. with the centre ofgravity at a height ,ir above ils lowest

ioint. Ttre poiential en€rgy of thc pendulum in this Posrtron rs

iherefore l/ x n, in. lb." wi.",ii" t.ri"rr* is releascd it swings downwards and when

nearlv venicai begins to pull on the sPecimen Continuing its swrng'

ii. "'..J"'G *i"h.. ih" sp.cimen, break it, rises to Posirion 3'

finaliy coming to rest in position 2.

3i K'

' Fass. 5.33, S.tunati!: tia9/d o! tta bo itti' k'ting tuhi

The v,ork rcquired to brcak thc spccimor can bc calculated by

..*ii..ir"',r,.it*f', to which thc ientre ofgravitv rises after rhe

t .eal. Lcri. be lhJhc;eht of G above its lowest Point 'l he Polentral
I"il" r""tii" t*it"" is !/ x i, in lb' Thus rhe diffGr'nce in-the

*i.iirJ'.*.fi* I' p.sitions I and 3 is thc encrS'y or work required

io brca* the speeimen. Therefore,
ork of ruPture : Ilz(I, - nJ in' lb . -

The sDccimcn is anchor;d to the Pendirlum in hne with a Po'nt r!

-i "*ii. "*"".f *avitv G. This point K is known as the'centre-

:il;;i;; J',il rLJulirm'. Tectinicallv speakins' the-centre of
..i.*ion is a point on thc axis ofthe Pendulum wherc a lorcc fiay
;. ;;ltJ;,'il; l.,,si,,g " 'caction 

about the fulcrum' L""s

;;h'iI"l'-h^ ;'";;i.*v witl' a crickct batl'nd ball mav be drawn'

i'iii," u"ri't i" t, ili" uottoa of the bat or*ihc sPli-cc' witb anv

oower. a shock ot jar is exPcrienccd in thc han& ll; nowcv6' rnc

ilii; 'hi,;;,h";;ni dic bat, no shock is fclt 
'nd 

the ball traveL

fast and far (we hoPc l) .

l- 7t'l/
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ln the case of the ballistic tester, a. reaction at rhe pivot would
mean thal part of rhe energy of the pendulum would be dissipated
,n the pi\or innedd ofbcinq used to breal lhe specimen. The resuhs
would be too high, i.e, indicared srrenglh u.ould be actual specimen
strenglh plus u asted enersy.

The Goodbnnd tester is a commercially available example of a
ballistic tester. The iliustration is almosr self-exptanatoiv. An
auxiliary poinrer remains ar the heighr to which rhe pendulum rises
and the v,ork is indicated direcdy in inch-pounds orrlhe catitJrared
seale. The capacity of the machine can bi altered quite simply by
releasing the pendulum from diflerent heights.

Thc.spccimens tested may be in the form ofhanks ofyarn, cords,
and.fabrics; on the Idrter ir is poss;bte ro carry out rearing iesu in
add;l;on to srraighforuard strip tensile strengrh tests. Discussion of
ihese lests wjll be found later in this chapter.

THE STRAIN CAUGE, TRINSDUCER, OR
ELECTRONIC DYN]{MOMETEN,

This type_of tester is in effecr a modified form of spring-loadine.
machine. The Shorrer HaI testet (J. 7.,t.Irur. t7, i3l5 (r926)j
uses a-long_flar sprhg and rhe defleoions of r}e free end ari largi
enough to be mcasured and recorded directly. In thc electron'ic
dynamometer a stif flat spring or beam is mounted iis a cantilev€r,
see Figure 8.34. The upperjawJ, is attached to the free end ofth;
beam and the lower jaw Jr has a co[trolled vertical movement
through a screw mechanism. By moving J, downwads a tensilc
for.e is developed in thc specimen rhichliuses the free end of the
beam to be defl€cted. The efects oI the deflection are used to
measxre thc magnitude ot the load on the specimen.

Whrn rhe beam bends the length of the upper face AB increasfs
and the length of rhe lower fare CO aecreai*, these changes in
len$h being proponional to rhe appt;ed load. Betrvecn the twJourer
facB there is a neutral plane NL u.hose tength remains unchanped-

When a piece ofresistance wirc is stretche-d its electrical resista'nce
increases; conversely, ilit contracts its resistanc€ decreases. Further,
thc change in the r€sistance value is proporlional to rhe change in
Icngth.

Consider a iu;stancc wirc R firmly bonded by cem€nt to the facc
AB ofthe beam so that elongarion oiAB will producc an elongation
of R. Thu1 a load_applied lf,c end BC causes 

'a 
changc in the iengrh

ofthc r€sistancc wire, and the chalge in rhc valuc of-the rcsistanci is
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DroDonional to thc magnitude ol thc load. lL is now necessary 1o

ion'ven this change in risistancc into a visual recording ofth€ ioad'

This convenion iJusuallv achieved by means oIa Wheatstone bridgc'

Fisd.8.31. Tl|. 
'bain 

eous. PincitL

If four resistances arc emPloyed in thc loadrng system, two on the
uooer and two on the lower sur-face, thcy are connected in thc form
oii Wt earsto"e u.idg" as in Figure 8.35. Wirh the bcam undcflected,

no loltace wi.ll be d-evcloped acmss CD when a voltage is applied

..roo ei. The b.idge i" said to b€ 'balanced' when a load is applied

to the b€am thc d-eflectroa causd chang€s in the valuB of the

fite. 8.35. Fos t,'itt@at in tlu taalt @tt .@.ct d in t, lot ol . w'ka!'tw b/Ug'
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resistanccs and a voltage is produced across CD, its value being
proportio al to the load. This voltage output L fcd to suitable
electronic circuits {hich frnally drivc a pen recording instrument.

Son ahantafer af a stlain gauge insttunent
(l) Free from inertia errors and friction.
(2) The deflection of the end of the beam is very small, therefore

the t€ster virtually tests under 'constant rate of extension'
conditions.

(3) Venatility in the types oftesting possible.

(I) The services ofexpert technicians required for maintenance and
rcParr.

f2) Constant checks required to coirnter'drift'in electronic circuits.
(3) Hish initial cost.

Th. hubon t?tLt;I. te$tilE itLtttunmt
The Instron is an American tester {hich uses the bonded-*ire
t)?e ol strain gauge. A general view of the table mod€l is seen in
Figure 8.36. In order to accommodate a l','ide vari€ty ofspecimens,

lgt @,L" .r rea F,ti;;, 6;r:@s-^.)t
Fitw 8.36. Th,Iub t bh tud.l
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several inlerchzmgcable toad cells containing the strain gauges. are

"'"J1. if,f. ".v ^ 
*nge from 2 to !0o o0o g k Possiblc The load

.ell is locaied centrally in th. fixed crosshead 'lhe upPer Jaw rs

."..iri.a r-. ,r,. *li rhrough a univenal coupling The lowerjaw

is irounted on lhe lraversing crosshead which is driven upwards

""i- a"*r*.ta. bv screwed rods on each side A range of gear

, i'*"* ."rfri..,fri *eed of rhe crosshead' i e the rale ofextensior)

;;:-;t;.;. to be varied in stePs rrom 0 02 to s0 in'/min' on
;;;"ii; punet or tle crcsshead assemblv the controls which

oovern the movement oflhe crosshead can be s€en'*il;;;; ;;[;i""t is fed bv cable 10 fie control cabinet which

h";; ;;;..i."" .il"ctronic ciicuits and the pen rccordin€ equiP-

,n._*-ffr. -.in .onr.ols for load range selectiofl' calibration' etc 
'

".. -"""i.a ., ,fr. ft"nt Panel below th' r'cording chan'
'fha toad u.ighn! slskit The load cell cuntains a melal beam rn rne

r..- J" *"iir.'ii Strain gauge, consisting of a grid of very fine

,,i... .r. t""a.a a ,t. ,"tfr'. of tl" Uto-' Fo'rr slrain gauge arc

;;';;; ;;;;^..,.d in the torm or a wheatstone bridse ea'h

".r".'lt"t*- . 
""mital 

resistance of l2OO Thc block circuit dia-

"";;. il-".: e.ii(.). .Lo*. a simPlified picture or tbe method.of

Ion"..titg rtt. unbalancing of the bridge in{o a record or tnc

behavioui of the specimen under load'"'iil rii.^"i""[ t'tdge nerwork ofstrain gauses in the load ceu is

e*.ired f."'n u" *.ifl"toi al a frequency of375 c/s The amPlitudeol

ihis oscillator is stabilised al a coDstant value by a seParate cr-curt'

An aoplied Ioad on lhe cell changes the resbiance balance ol the

i"ia"i'""J o. '.,,r,r.g 
signal is amplified bv a circuit which also

i".r',a.. -.an" fo. initi;llv balancing the bridge'" ii. ..;r .i,1. '^ptifilr 
can be "aried 

in stePs bv a load retutat

"-t,:;.;; ; .atibrction coovot can also vary the sensitivitv cor-

tinuouslv belween any of these slePs A <'r' button shorts out tne

;;;;;'i;1"x.; i,; amplcer soihat the zero Position.or.thc rr-

".Ii.i-., t. rii*,.i wiihoutthe presence ofanv load cellsiqnals'
'"il; .il;t" il-r',h.r amPli6ed ind rhen rectiEed bv a circuit

-rti"t inirrao rhc a.ro adj;stm€nt for the rccorder'*;;;t;t" 
l;;t;;."tt the"output is a {'c signal which is fed to rhe

..i.rtio-.ter woe of recorder, where it is comiaftd electrtcally

i,i.tt tt. votr"s" across a balanting slidewirc Any unbalance

i.ir.i" tt'.-*,i""i-ges is convertcd 6v a vibrator into a60 c^ a'c'

sisnal and amplificd to operate thc pen drivc motor' whrch srmul'

;il;;;;;;i;; Pen'and also thc sridewirc shaft until the rc-

cordcr is again in balancc.

Prin, of Texlile -27
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Hence. lhe.efferr ofextending the spe(imen is ro causr lhe Den romove across ihe_(harl a disrance proponjonal to rhe tensile drce in

l:_.j1":1,".' rf rhe chan uere slarionary " ,r,.ight ri.. 
".ho,;rengln reprcsenred rhe size of rhe toad r..ould be drawn. but h"moring rhe chart simurraneously a road_elongation ;;;;'ir;;".;j

by the pen.

Fisw. 8-37(a) . Bk* .n\t tti.sr@ oJ. ttu ltuq@ hstd

T es of test
Thc.Instron is a versatile instrumcnt which evcn in standad form(an he used for many i,?es of resl. Various accessories are availablewDr(n-exlend the s.ope of the te(er. A selecrion of Gc qpes of tesipossiblc are outtined brieflv:(l) Load-elongarion from zero Ioad to brcaling pnint-(2) Elastic recovery from various loads and p".&iril" .long.tior,.above and below the \ield Doint-
(3) Pcrformance of ditrerent types of knots in filarncrrt varns-(4) Load cycting, i.e. repeateri r*dt"s ;; J;;i;i,1;;.."

cDosen lrmtts.



(s)
(6)

(7\

(8) T€aring teits on fabric!.
i9) Adh".ion t..t, lhe measurement of the force required to sep-
' 

aratc surfaces qlued together'

(10) ComPtession tests.

Thc Instron instrument and others of a similar type, such as the

Scott C.R,E. Tcstcr, the neu'Denison machines, and the continental

Drasc and Z\.ict le\ters fiom Sr.irzertand and \\'ert Cermany'

respictirely, offer the textile lcchnotogist a useful (o'l for inve'liga-

Ttu W,I.R.A. tinst fb/. $tungth nutet

Another exampl" of an instrument employing a strain gauge rs rhF

sinrle 6bre tister developed br the Wool Induslries Research

Ars-ociation from rn hose titcrarure the foltowing des'r;Plion has bcen

talcn.
lleasuremer)ts of the s(ress strain relarionship and the l'reakine

srrcnqth ofnarural 6bres are complicated b1 the inherenr \ar;abilitv
ofthi material. il is thel,cfore usuallv ncressary ro make a large

numbcr oftests, Possibly tv"o to threc hundred, for the results to be

statistically signifrcant.
Sinsle 6br;s are difficult to handlc, so the uork can be verv

tediou"s and time consuming. The chief advantage of this nett

instrument is that 6bre handling is ke;i to a mirimum, cnabling a

.omDarali\'.lv unslilled pcrson to ol'r-i:r u''ful restrlr' \'rllrin an

houi or so. A simple eleciromaqr,rtic clamp is rr5ed irr pla' e of rhe

contenrional s(reh llpe and the meter aulomati'ally ' lamps the

corr€cl lerqth of hhr ed,rr ing its t\ ilhdra\ al from the 'anrpl' Lundlc

that is beins examined.
Fisrrre 8."37(b) sho$'s lhe lavour of the merer' The sarple i'

prepired on the rehet pad (l) and covered rl irh the Pres'ure Plate
i'z)'so that the frec endi adiacent to gdde (3) Prorr rrde slirihrlv A
li,isle 6bre is selecred *ith h{eezers and draun round the gxide (3t

uni b"r*..n the fixed anvil (4) and rhc rwo loose clamP6 (5)' so

lhal it Dasses betueen the clamps (5) and the hook 18) It is finally
hcld, st'ill in rhe tweezers, on th;rubbtr pad (6) under a light tensi"n
due io friction of wirhdrawal from rhe velvet pad The oPerating

TliE TENSILE TESTIIiG O! TEXTILES 4O7

ixten3ion cycling.
Maintenance ofaconstanl load, the crcep being taken up auto-

mati.ally.
Rclaxation, measurement of the decay in teNion uhen the

specimen i$ mainlaincd at a ron+ant extension.
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Ievcr (7) is no* mured.rcadily wirh rhe rhumb. The first parr of the
morion mores rhr.hook (B) foruard untit the ,equired tesi tengrh of
fibre has been withdraun in a U form betyc." tt e 

"t.."ps iS;i ff,"
hook then moves backwards very slightly to rel€ase rhe ini;iat l;ading
tension. Furthcr morion ofrhe lever causes a solenoid ro be enersisei\ith a predelerm;n€d current. Th;s magn(tises the anv;l so that ir
attracts the loose clamps, holding both ends ofthe fibrc with a suit-
able force. -Finally, the hook moves fol\\.ards at a constant rate,
stretching rhe 6bre ro brcaking point.

Thc tfnsion in thc fibrc during this time is m€asurcd by singte
c4stal silicon srrain 8aug6 on ihc;andtevcr (S1 to 

" 
trich thc tootiis

anached, and for each 6brc a comDletc load/cxtcnsior curve is
drawn on a-chart papcr which movcs at a constant sp€ed corres-
ponding to thc cotutant rat€ ofcxtension ofthe fibre. Up to 500 wool
fibr€s per hour may bc tcsted.

For industrial use, rvhctc a manufacturer may bc looking for
possible degradation of fibrcs duc to chernical proiessing, thc irean

, (3, -tu!! ,t .t w_t_R.A.)

Fisw. E.3rlb), TIE W.LR.A. 
'insLlb/. 

a@!h wkt
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h.eakins load is often the most relevant information ln this case thc

"i..i "o-".a 
i" t.a"".a, compressing the load'extension curves to a^

i.t-"i i,i* *r'ot" r,.ights represeot ihc individual brrating loads of
. thc frbres.

Tfu Cottboaic T$. 5 flandt tetu'iL Lstd
ii*-i",J""i6,1 of-thL single fibre or filament tester illustrates

"ir"i."Uf, 
*" rcduction of ioth error and ledium in single fibre

;,il b; ,h" usc of elecqonic cquipmcnt and mechanised fibre

il"ajit"] rf'" 
"v".-.ffers'semi-automatic 

sPecimtn mounring and

loadinc;nd automatic resutt analysis and print-oui ancl rn lh's way

a sincli ooerator can producc rhc requlred information t-our rtems

ii."""-i""i*t t.- the svstem: a filalncnt mounlinq device' a 6la-

;*i-iffi;; a*i..,,i. tensile tcsting unit and lt'e staristical

analvser. Thi fitamcnt mounling d€vic( is mentioned later m thr3

iir.L.. "ra.. thc lection dcscribing jaws and ctamps for-tensilt

i*Ii"e. Ax ii. ri.",".rc mot,nted oniipecial dcstJike bench' with

soacc for a seated oPerator."Z;;", 
rate ot ixtension resling condir;ons are achieved bv an

.f".;."1" t.^o-"v",.- and thc raic of exl€nsion is variable from

oi" SoO ".. 
c.nt p., min. Two extensiori ranges are available:

LiO t.r.i., ""a 
O-lZ0 pcr ccnt Thc load ranges are from-0-s g ro

15. lio c in seven overlappirg ltagcs The test sPetimen lenglh rs

""'iable-from 
l 5 cm to {im, whcrc manual loading is used' but rs

irJ u. i"- *t*" -agazinc loadi4g is used A useful addition is

irr.-"""itifii" of borh d-rv and wer testing conditions Under- th€

i"*.i "t",.r" it. ir"t".rsion lime can be varied in s-second stePs from

5 to 60 ,ec.- 
it.'inrrr,r*.n, ,.r* 6lam.nls mounted sld(k" and auromalically

'.f.*1. eacl nlut"ent prior to the slart ofeach extension cycle' At a

.".*.1..J r.ta. pne-'lension point is automaticatly registered' th€

i.'. n."n. t.rnrti ir tt'is pointtcing used as rhc reference for corrrct

.*.-iJ-i ".i"ii*.'a 
*i.nsio', p.''enuge ""lt The gauge length

i" *rir,...a on a meter. The treaking load and extension per-

"entic resuhs arc displaved on dire(t-r€ading rotating t'ales' wrth

sclcctivc illuminatioq. The high sensni\ ilt (0-30 Per crnt €xlensron)

is provided for lovllxtensibility samples, lnot and looP lests rn
ia[iti." io ii-f"r.a informttion the use of thc statistical anal]s€r

.i.ti--,i. .&d to be prmessed and provides mraru' standard

dcviatiors4rd cocmcients of variations of thc breaking cxtensons

;J b;Ui loads. The print'out givcs both an original and a

carbon copy of thc results.
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TIIE CONSTANT.TENSION WINI

A.good yarn pclssesses rhe 
"r,,,,, ,. u:"'::J::o:::Ji::""

trom.one faclaqe ro another and,. rrd.,€;;;;;rr;;:il:;
xnrttrng and uearing rr ith a minimum.amount ,if Ir^"f,"g.. fi;g-f,lDreakage. rares reduce producriv;ry and increase fuutt" aia.or.tr.

i.,qifil'iiiJl'tir:l;'1,:,rx#{r":;,:::";i:tllr
ilflli.,L:;'Jfl;il.'.,oJ,;,lt:, ll',.,.j,:::;lf lii;.,.,xTf[to with6tand rhe processing tensions and u.il rh*"fo* rrrlJ -"-"."

"^^I]Ilfy 
yam prepararion processes rhe yam is wound at hieh

]lill-,j:*,i,: p*t.se ro another and tfte \^.i.,a. k.s,r, i" i.,r.;,iimccna&cauy by means of clearing device! and ;." ,;ili;;systcms. Hcncc. rhe yarn is,testcd,uider a rcl"i".frf"* f".Ji.[.irt Is wound on to thc conc, etc. From a quality *r,i.r-r.i"iiiri..*i

*1lfllipe.:.,rt:5::,H.'f ';,:1,'&.*..f ....i.".#[i::l
provrde-very useful information abourihc yam quality.TIc leattrengrh test is relarively inscnsitive in rhe dcteclion ofueak placcs which may o".u. orrly ot i"**"f. .i-,f'.rrrri. iiyards,-It 

-shoutd 
be borne in mind, lf coursc, that a ,,:.;;il; ;;esrry 2,000 ydtould mean an end down evcry Z.in o, 

" 
lnoa.rihigh-spced winding unit.

The single-rhread tcst. too. has irs timitations. Il- lO0 rests are
l.^1::l ,,0 in. resr Iengrhs the actual yardage *r*;,.j..,iJaDout )).ydr an amount rrhich can be wound ir". _.,i;;;f ;JJjI herl?ak ptaces.r hich r e are considering torm ,f,. *,*.. :o"ii,".i
:le"lrequency dkt'iburion curve of rhe singte-th*.a i*i *rrr"l
-..-l!:ll1."ll rhc.frequency of rhese rneak- pr** i, jim.,i, ,.esrrmatc trom cotuidcration ofthe mean and th!**ra.ra l.r;.ii."ol this distribution bccause al this exkemc ta;f ,fi. ai""iUrril, i.'r,ronger normal.Ior corton yarns ir has bccn fo."a ,r,", irr. .Jr.i.iuauss,rn distriburion holds onty as far ar abour Z.S ,ronau.J
ff:fl,,Ti,T#.'* "'ean lSrout, H. e.' ."a s"^, sJ i)".)-i
__-Thc, 

constrnntcntion winding tesr provides. resring condirionssomewlrat sirnilar to actual procisinq. sincc a t.*i., ii;.p*.J .na runningram. Jn order roobtain s;fficirnt br..k" i, th; i.,,;;;iyarn t.!trd, h,ighcr t.nsions are used than rrorld b. ,r.d ;_;;il;;Dut cven so thc tcst k clo!€r to adual running condirions than thelea or fie singlc+hread testj.
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Basicallv. the instrument consistr of two 6xed centre Pulleys and

*irl, e'ilG. a.ie, -luch is mounted on a movable cenrre During

I#';:.i',h.";;11." P 'floats' because the load Z 
'pplied 

to P- in the

;t;..i; ;"i; ij balunced bv the s,m of the rensions in the rwo

il;;f;; l;"p of varn. iJnder (tatic conditions the lension

iii;;il;";iili.ip wJurd be uniro'm and be equar to 0 sL'l-ut
undrr-running conditions fluctuations in the (ensron oc'ur' rne

.i"ir""',."ltia ilile varn will 
'ause 

it to nretch lt rolloss rhat

iil"i"i*,i "r*J t'';iil be hisher than the input speed I/' lrr is

iir. .-i.'"'ir-p* .-1, Iength at thc tension used' then

h:h0+2\ " (83)

The instruments 
'therefore incorPoratc the necessary means.f;or

;,i';';t;;;;;J",t'; input and iale-up speeds to accommod rr"

.i"i". *in aiff.t.n, .*tension ProPerties and also to enable the 5 'rI'e
i;,i,;';; il; ;;im.'."'t*''i"' levels Figures 8 3e and 8 40

,ho* t*o tlP"" oftote..

Fisut 8-38. Th. codto'l'ktuitn uinding ktt gtiui '
Th, inid.u. al bfta'l.J

o;:',';;';;;;;;;c out a windins rest is ro estimate the tension

il',""7,. "'"J;".". siven breakage rare' e g' I breab per l'000

l::;iil;,il;, ;. b";ukug..ut. i' u 
't'o"'n 

rension rever mav be

::;:;;;.'il.r;;;l."ert-orv-n ""' resred ;n successive units

ii';J. ,il;;;i"1,"*L*'"rr'*'r" in each unit $ourd not

Il"ii*rii u.'.iJ wl'e, th. frcquencv distribution or the

Iil;:;'Jr il#;; ,,it r"''gtl' is piotrei, rhe curv-9. nroalc.e$
rrt.s rhe form knoi,n as a 'Poisson' distribulion' see trgure o tI'
fii; i.';;;;;r; ;itt'. *1""-.'.r.,t or skeqed disrribution

mentioned in ChaPter 2. '
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Bt.akae. rutes a ttu obbiicd ttuiot
Experimen(s w;th rhiiiype of insrrumenl ha\. .ho\n rhar rhe,e isa roganlhmrc reiadonship betrveen rhe nurnber ol Lre.ks Dcr cn.nrength and the nrnning tensinn. The graph in F;eurc S..12.ioui rh;srlnear rclatronship.

Let ,r - - breakage rate per t,000 yd ar rension tr. and

-_-,^l^: 
o::il"*. *le per. r.ooo yd at tension r,.

r ne ,ope ol rhe graph i., therefore,

log ,l, _ log ,?r

. tt_tt



T}IE TENSILE'TESTING OF TEXTILES 4'3
-We can now estimate the tension , which is required !o produce '
breaks Per 1,000 Yd:

Iog.t-log21

Therefore' . . . (8.4)
log .r - log zr

t:i+Uz-tL)-
log r, - log ,r

Fiew. 8.40. C@t's iortdat'kntion uind;ne tttta
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4

3

2

I

0 5 67
Ereols pe. unir le^gth +

ttttl
Rui^ii9 rension

Fis,t 8.42. Ruqinz kEan
tt lo, bt.ali

Fisw. 8-4I - F,.q@q rlilt,ibutim ot b/.at!
fu bn harh

In the B.S. Handbook a 6r3t estimate of the tension required toproduce eight breaks per 1,000 yd is given as

f : Average single-thread strength x (t - 
" 

%\

since standard deviation 
30

.%-
Averase srensth

the formula becom..
o t00

.. :r x (t - _ x _)
x30

:rx(l--o)
X

1!***, 7-:X _8.3" - ... rs.er
Thus, for corton yarnsj wirh a 20 in. tesr lenglh ."d .ight b;;.k;;1.
1,000 yd the factor f, becomes 3.3-

Ttu brcakag. tuk, th. runn;,ig t?,u;on, and th? .,itqt.-ttu.ad jtftnrth
rnvestrgatrons have shorvn rhat a retarion"hip can be esiablished
betr'.een the results obrained from single+hread ,;r;-;;J-;;;hinding tesls for specific types ofyarn.
Let 7: tension required ro prodtrce I brcaks per t.000 rd-.{ : mean single rhread slrengrh at a givc; 1""r i.rer'h, una
_ o - srandard.deviarion ofrhe si,,gle-lhrrod srreng;. '

Then, r: f - L" .. . {8.5)
The facror,t varies u;lh n and $ill atso be govcrned ty rhe te"ilength used in the single-th.ead test.

I

i"9 6

X 100 per cent
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,ll.dsurefl?nt of ttu breakor. nt,
T"n rnckaees a.e selecied at random. The aim of lhr standard

test is'10 deiermine rhe ten.ion required to produce a hreakagF rale

of eight per I,000 yd. A first estimate is given by the fotmula

Tension : Avarage single'rhread strength x (t - -9l") 
grams

Preliminary triats are made by running 200 ydlrom each package

at this tension and noting the breakage rate. Ifthe tension needs to

be changed in order to bring the breakage rate closer to eight Per
1,000 yd, the adjustment is made by assuming that a l0 per cent

increase ir tensi;n will double the rate and a l0 Pcr cent decrease

rvill halve the rate.
When a suitabte tension has.been determined, five packages are

taken. A ]arn from each package is run through the insuument
until 6ve breaks have occirrred The vardage is noted for each

break. If a break occurs in the 6rst 5 yd *hen stating off after a

break; it is ignored. The br€akage rate at this 6rst tension is given

by rhe following formula:
221 ^ l,0oo

Breaks pir 1,000 yd :
Yardase for 25 breaks

The figure 22+ is used because each new packagc beeins I'ith a

iorced'break and on the averagc the length betwe€n the starting
.Doint and the first bleak will be halfthe average distance between

ihe *eak olaces rhich break, Thus, file break'are recorded afrer

only 4l intenalsi therefore twenly'five breaks co're(Pond lo 22-*

intenals.
With the oth€r nve Packages asecond test is made at anew tension'

Ifthe breakage rate in the 6rst test was belorv eight, the tension is

iricreased by-about'10 per cent; iI above eight, the tension is

decreased by about I0 Per cent.
The information avaiiabte at this point is as follorts:

lr - lension used in the first lest,
z. : breakace rate in the first tesr,

t" : tension"used in the se.ond lest, and
nz : breakage rate in the second test.
'We can no"w det€rmine the tension , requ;red to Produce eight

breaks per 1,0O0 yd by substituring in equation (8 3),
logB-logtrr

t:\+(t,-tr)-
1og n, - lbg I'
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Ttu applidtion of th. .otl'tan!-t.tl'ion windi g t rt
The rerrlts obtained may serve as a guiie to the behaviour of rhe
)arn rn subsequent procesing. An exr€nsion of this gxide into a
fore.ast ofrhe probablc end-brea.kage rares, white highly des;rabtc,
n clearly impracticable since cnd-breakag. rares depend on othei
fac(ors as well as r+eak places. Other types of yarn iaults, windine
machine (haracterisrics, faulty yarn guides and clearers. dirti
machines. erc.. all contribute to rhe end-breakage ,ar" 1se. utso
Pdlitt, J. Tact. LLtt. {2, P754 (1951)).

Conpatum oJ ym qaalitl
It is common practic€ to comparc yarns oII the basis of the .count
strength product' or the av€ragc single-thr€ad strcngth. Only part
of the- answer is given by these methods and the winding teitian
usetully supplement the lea and the single-rhread lesr!. Coshawk
(J. Te14. l\t.{2. Pl (i951)) gives the fol-owinq examples:

Count strength product
Breaks per 1,000 yd

I l0s
2530
I1.8

The^)-arn spun by Process .A, had the higher brealage ratc in
spire of havinq the higher tea srrenglh:

fan A ' fain B fdrn C

Mean yarn count
Count strength product
Single+hread srrengh (g)
Breaks per I,000 yd

55.8s
2255
150.9
6.8

57.&
2170
t4?.5
18.8.

56.9s
2265
150.8
23.0

Comparison of the rhree y.i--ns on lhe basis of C.S.p. and sinsle-
thread.slrength re-veats lirtle apparent differencc betwcen rhem, iut
ttte $ rndurg test shows Yarn A to havc a much Iower breatage:ratc
than the other two yarns
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farn stt.neth t sulatitt
*;;;.*i,, o"ut toit' " singlc-thrad tcst and a winding test' an

"i."'"*J., 
-of tl. v*" srrength irregularitv can be made To get an

accurate measure ofthe mean and standard deviation by the srngle_

;;;;J ;; a brge number of tests must be made: with a non-

,",.*.i;. i."- ,ii. *"uld be a time-consuming job- An alternative

i',.ti.a .f "'ti*^tl.g 
tt'e standard deviation is to determine me'n

"i"J.-ir'*.a "*rs,h 
from a small number of tests and then carry

out a winding tesr.
;:; ? --;; rinsle-thread srrenqrh of 20 in test lengths' and
" ? : il"'i." ..-o,;red to produie eight brrak per l 

'000 vd .

rt. *., '.'" *l.qi.,ion 18.6) ro calculare the srandard devialion:

Therefore,

T:X-3.3o
7 -'r

33
Another index ofirregularity is given by dividing the mean single-

,fl.*a'.i...q,f, tv,t. ienriot .eq"ited to ptoduce-eight breaks per

1,000 yd. The more regutal in strength lhe yarn 
's' 

lhe lower rnrs

value wilt be.

Conlrot krtinP
i"'^ialill."," .t . tests for comparison and irreqularitv' the wind-

ins test mav be uced for 'ontrol 
purPoses From past expettence'

.; ;; i;J, *;on. ,.. determi;ed ror rhe various rvpes of varn

.*".tr-rj." 
", " 

*i.a as a routine and ifthe brcakage rate exteeds

ii..;,;;i.;;;; ";;iaken 
to 6nd the cause and Pur it neht lt has

becn found thaithe "indinq 
icst results are ofi€n related to the end-

;;;;i;;.i;;i,h. '*- rrame. In fact rhe spinning process itserf

mav be"thoueht of as a low_tension v!inding lest

ri i. essenrlal that adequate surveys are mad€ belore thr contror

"r"aaat 
.t. t* ," 

"theirnhe 
unrealistic standards ofperformance

';:; ;;;il;;;.r'.po ir'. ri-i" *itt te too wide to be orrear

THE CONTINUOI]S
PROPERTIES OF

MEASUREMENT OE THE EL,{STIC

CONAINUOUS'FtI-AMENT YARN

Thc autosmDhic tensilc lestcrs dcscribed earlicr in this chapter

.*iJl'r,t-tii."r"r. .f onc tcst lenglh of matcrial at ;'timc' For

."-.-"".""t* i lt a."irabtc to notc ihc clastic behaviour ofa yarn

.;';.:;"[l;;il alons thc varn This rcqui'tmcnt has lcd to
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the_design ofinstruments which allow the conrinuo'us measurtment
of rhe.srress-strain properries of a runoing tf,*"a. Or. *.frlrrrtr,,_
menl.nas Deen de\ etopcd by the lal.rcratories of Durch Enka and isdescnbed rn .flalan R.rrrzr 9. No. 5 (Nov.. 1957). Thc British Ravon
.Kesrarcn -"!.ssoc,atron has designed the .Srrainomeler,. The desciinuon ol thrs rnsrrument is taken from rhe leaflcr of Louis NewmailLtd, who are the makers.

L- 
It is known rhal overstralning ofconrinuous 6lament yarn caused

:I :1::"*. N,ndrng rensions. rension reraxarion of yirn hetd onpackages. ancl orher factors such as rate oIdrl ine, resuits in chanresrn rs physr.al properrie!. The phpical propenies afected inclide
rne, tuslre. the.etasric modulus. the dye-uprale, and rhe orientarionand tn!(kness ot rhe filament skjn. These properties are Io someorrrnt inrenrlard. Change! in tustre and iye_uptale "r...;jii;sren,\hrn.rh€ y:rn is used as *eft tn clorh. .I]h.*e.harge! 

ur!usually perrocrrc (i.e. caused. tor exampte, by resular rension'oealroccurnng every.hase in pactage windins), anA thev huild iro rororm,obJectronabt€ palterning jn rhe clorh, such ar the u.ell_knisn
weir Dars and dramond patterning.

. In lhe e)limalion ofdamagc lo yarn caused IJy.o\ersrrain. ctc._ it
ro meiliure changes in rhe value of rhe longi_tudrnal etasric modulus rarher than ro measu..,r"t ,t,i"g. u, tr"i1.variarions or changes in dye-uptate.

Tha'sttaitnrukl,
Basicaily, the 'Strainorneter, conlist! of two pairs oI rollers, A andB (figure 8.43) which impose a srain ol., for crample. 5 oer ce"ion rhe )'arn under lcsr, and a renrion m.asuring 

_h€ad,'C, 
thaimeasures the yarn rension causcd bv rhis srr.ai.-

_-,I!.,O*r pair of rotters, A, consi:u of a top prcc;sion smundrcxer (approxrmarely l-in. o.d.) and a bottom rubber c"ovcredprcs5ure roler (t in. o.d.) which is springJoadid against rhc toprcller. The back pair ofrollcn is similL, cxcept rhar rhe roD on. i'qrarger rn dramcter according to rhc rcquired stiain.
r hese steet rolters arc gearcd iogcther and are driven !o rhat rhevrcrate-at rnc samc spccd (about I00 rcv/min in most instanrcO- rr,l

nrps ol the pair! ofrollcn arc about 2 in. apart. It w t be apparenithat, as yarn is fcd rhrouqh thc ro en, the 2 in. ofyarn betJe,enitrc
nrp6 w_ru bc subJeqt.d to a .$stant exrcruion o[ for example, 5 percentj Care has bccn tak-er to reduce the cccentriclry oftl".roir..".io
1-?YliTt l -1, iuer cccsf.ricity wout4 of course, rcsutt in apcnoorc vanallon in thc applicd straia.
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The tension measuring head' C, is mounted between the front and

back rollers in sr"h a *:uy that the tension of tbe strained yarn.is

me"r"..a, ff,e head is connccted to a bidge and amplifier unit'
This, in turn, js connected eithcr to a rccording milliammeter-or to a

fr;gl "p*a 
p"r ,.*'aer, depending upon the d€tail required in the

r^iew 8.43. Th' B R'R'A 'Sioinarukt'

This type of equipment is used to determine th€ uniformity of
ttr-ent trron uni *ntheric yarns. It .. also u5ed 10 locate Iaull(;n
\.rn laken from a tlide varietv of patkages such as cakes pirns'

Lotrle h,,l,l,in". chee.es, (unes, ctc. T!pical rra' e' are illu'tlated in

Figure B.'14.

Th, Iatuson bnan;c stre$i'bain anduset

Another irsirr-rment designed for the conlinuolrs tesiing of )arns
is the Lai{son dynamic stres,lstrain anallscr in the 

- 
scott 

. 
tesier

."",.. a" *itt tire Strainometer, the test )arn is subjecred to a

."t.iled srrain (i.e. elonearion) and the iension develoPed at lhat

strain is detect;d and plolred on a charr, \arialions in lension

lndicatills 'raantion 
in the tensile behaviour of the yarn along its

l.'cth. iith one modcl of the analvser it is possible ro adjust lhe

eloisation ovcr a wide and cortinuous range 'Irhis is achicv'd by

usinJ inout and output 'heads' whose circumfrrencB can bc

crpo"naed a"d 
"ontr."ied 

ar fic machine runr' On an altcrnativo
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20

5

t5 678
!- P.riod ot .ho5e 36,nOle6troif, ar eid of:hos.

0

20
'15

Fisw. E.44. i/@! obtliutt atlh tE,St airqukr,: ld l5A d.nii bn ok @ @ .a*.
\w Dd't@ oJ pn4i6 i tti, d pb Mtd@t.@ d foltt i4 ttt fnLhat@tdau: tr) t h. totu )n a (d) altd uindia! M b o bin: ki t.und.nd ryt tou d .h2.. (.at prdli (oi4.ijt, uitt )od fi; .d1. oI .h;k)

model thcre are inrer.hangeabte inpur heads, of6xed cirrumference,
and._qith a gear change system. a variery ofelonga. ral;os from
0 to 1,100 per cent can be obtained.

The (ension develop"d hy rhe.rrer.hed varn is rrrasured bv a
lhree-pulley tension lransdu.er. rhe Ioad cejl b"ing a rreigh beam
strain gauge ir.irh a-range ot 0 2,000 g. The transiucer o-urp4 is
lfd io a recorder whi.h produ.es a .onrinuou" rrace of the tension
variation. The chart can rhen be anatysed and posibte causes of
Iaults Iocated.

THE HYDRAULIC BURSTINO TESTER

It b sometim€s desirable to tesr a fabric by applying the load mulri-
dir€clionally inst€rd ofia one direction onty,'aJin-the case of oarp
or wdt way lriiD tesrs. The reasons for Gis preference may be due to
the difficultr'es ass-ociated \^ilh othcr merhods of test 6r perhaps
brcause t}e rnarerial witt, in use, be stresscd in many diiccrions
simultancously. Knilted fabriG arc paflicularty tri.ki lo test in

2A

:r0

0

5

0
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.rrio form. fieul e 8.49 (page 435) shows a knitred fabri' being tested

in a Heal's <lorh tester. Tlie edges of the strip have curled and the

soecimen is qencrally dis(orled. Filter clorhs. sdcks. nets. and

oa,a.f',re ctoihs are examples of fabrics.tre'sed in all directions

Fabrics sirhour sclt defined directions' su.h as felts and the

recently developed bonded 6bre fabrics may be conveniently tested

on a bursting srrenelh tester.
The pr.ssure in a liquid is exerted in all direclions and advantaqe

is taken of thi( phenomenon in the hydraulic bursling tc<ter'

Brieflr. the spec;men S in Fiqure 8.45 is clamPed by a ring over a

thin flexible rubber diaphragm D. whnh i< it'elf clamped over a

circular hole in the uppei face ofa reservoir' The liquid used may be

uater or gh cerine. The hydraulic pressure is increased, by valves or
screu-driven piston, and the diaphragm distends, taking with it dte

specimen. At some point the fabric bursts, rhe pre'sure beine

i;dicaled by Lhe gauge G. Since rhe rubber diaphraem re'luirer a

certain preisure to stietch it, corrections may be made cither by

doinq albtank test, i.e. noting rhe pressure required to d;slend the

diapiragm rh. \ame amount wirhout rhe presence of fabric, or'
rnhire an autographic device is used, pressure-distension curves for
the diaphragm give the correctior directly.

I------;--\

Fietu 8.45. Th. b&a"li butting tbdsth bna

The height to which the specimen bulgcs enables lhe exte siotl
percentaee-to be calc'rlaled ifrequired. If i is the heighr f,nd ' is the

iadius oirhe specimen. and assuming that the bulge i' in the f 'rrn
ofa spherical cap, the

t -c2 t h\ th\ 't 100

Exrension : I l" ' ' 
l*". l-l - ,[- per centt\ r / \./ ) ,

Proof of this formula is an exercise for the readcr,

P n, o, Textile -28
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Thediamercr ofrhespe.imenmay belaricd. Ir isconrid.,ed good
pra<r:ce in resring to havF a rest lengrh grearer rh"n rhe rrbre leigrh.
A d;ameter of I 2 in. $hich is used on some teslers is a. Iirile on"rhe
srnali side lor uoven cotron fabrics. For knirtcd labrics the teng.h of
)drn in a I 2 in. . ir.,le ir nrurlr tongtr. of.our,e. be,,u* ii rhe
l^oped sru.rur.. -lhe r,oir r ot 6'r. lengrh ,ioes r, 1 3,;.. *,,1,
6lament )arns. Ne\errhe)ess. a larger specimen is prefo.rcd and uscd
e.g. 2 ;n., 4 in., and 7 in.

First thought on the test mav sussest that the rveaker threads 11iil
break.rirst, but dlis is not srricil) true. The er.tensibitir)- ef.he 

'arnsand the structure of the labric are factors $hich dctcrniLri the
I,ch"riour of rhe ,pF.:mrr). IL is qLrite po*iLrle rhdr (t-e .rrunqFr
rl.',zdi. be;ne le.\ exrcn.ihic rt.;" itre r.".tn rhre"d., rr.., h rhrir
limit ofst.elch 6rst and therelorc break 6rst. The crimp pc.ceDtases
in rhe rr"rp "nd Met kijl ndruri l) ptar an;mponani l te. rr;rtr a
l,r-ih ( flrnp P.r, ' nldge a ,arqc prop ,rrion o[ rh" r-,a] cxrcr. .on rr rll
Le dx€.to the renoral oIcrimF, thus the yarns rrirh to1i, crir,p rriJl
rtr, h their l.rnir,.tc).rer.ion fi,.r.

Figut, 8.46. M.ehqicd bdnins kn- Skcl 
'!htt. luh.tl thrc\eh LU 4.itun

I.,..
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A l,ariation in the methoC oftest is the '*'ounded' buNting test' In
this ren lhe (Decimen is deliberalely rveakened either by cuts made

uirh a I in. ci,;*l a.ross "irl,er or l,oth s"t' ofrhreads or bv a I in'
hole ounched in the centre.

'tl,'e te.tinq proccdur. and more del.iled d"s<riprions of tht
instruments.iti be lo"nd nr B.S. Handboot, No. il. It is wofth
while noting that mechanical bursting testers are available in lvhich

a I in. sreefb,lt is forced through rhe specim'n clamped between a

poir of rines, rhe force ,equirFd beinq the meas,rre of the bur'rine
it.eneth r*" Cdtnet, T?,tik Laborat"rs ltlanual r2nd Edn) p 148.

ana Slint t., I H fcrrrlr T?'tint. P. l,10, ,ee also fig'rre 8 46)'

The bursring rcst is really rhe onll one thdt i5 ot us( sith Lniited
. fabrics. The eflect of loading a knitted striP spccimen has alreadv

be€n notcd, but it is also a useful test for rvoven labrics in vhich
lo"al rendciinq has orrurred, e g sirh dL,harge pt;nring No doubt

tllt hursrinq re'st rtill al,o be useirl in re rine bondFd 6bre fabric' and

similar textile stru.tut eo.

CENERAL REMARKS ON FIBRE STREN{]TII TESTINC*

the unir lrum ,lrhiLh many )atns ar.d r'xr''c 'trucrureq are built L
the sin;l€ fibre. Naiurally, a great amount ol research has been

a.' oLej to rl,e nc,. u,.m.nt "fir" '.,;o^ p.ol 'r I:c, ofr $ ide rangF

^f hl,res. Oxe of tl,f .l"mens . hi, h ro:rr ril'uIe t^ Ihe 'rr'nglh ^f a

larn is the .IrenAlh of rhe fibre. This prop.rrl mi\ LF Pxprc$'d in a

nu-r..r of "uyi. Th- cngineer'' approa,h rrould pr' bal'1v he to
express the strcngth in tcrms ofultimate tcnsi,e stress, ; c pounds ptr
.qi"," i,.l ur'iitog.,rrl, Per square millimelre From a i€xtile
i.'.hnotogirt s point Jr 'i.", it i. i"o.c 

"onuenient 
to corxider Ebie

strengrh in teims oI eiiher tcDacity or breakirlg lenglh, the ftrrmer

i,r e,in. r"r rl"nicr or eran pFr '.\ ar d rtre IrrrPI rn I':l 'mPrr'"
irl",.,-1 r,, thi' ""n;",ha;' be exp'rm'd Lr) ldk.q rrrF 'ot(o '
fiLr" ag an exarpl".

(.on'i(ler t!\o i-ns or rl.. czrne I our'r! 1'arrr A '1'un lrnm fin'

"r,,..,r-"B,p,nfro., 
,oar'-fil're' \os.lhe 1r'al'inc lenerh ' f

fi.. hu:cs i( eerieroll' lrlvh r rhan rhar ^t'oarsF frl Ic' This is on"
.i ,r,...^.,"' t'r'" r.ri.q rill l'F 'tr.ngFr rh"r' \'"rn B ItIhe
ir,di\idual .lrerierhs olrhe r\!o nLrr" had bcen comPdrrd rhFn tl r
(o"ne fi5rc( $ o;ld har e shos n rhe higher sr rFngrh \\'hen breaking

lengrhs are comParcd, houe!er, thc order ofranling is 
'evelsed:

*S.. rlto Morron, W. E:, a'd Hc!.i., J. W. S. P-l-rrnd.Fto\tti" of T"tib Fibt5'
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Counn W. (denia)
Indivitwt jbrc

rtt.ngth (e)
Braking hngth

(k)
St. Vincent
Bengals

0.9 46
5.8

46
I8

In the selection of raw mate.ials, knowlcdgc of the comparative
strengths of the available 6bres is extremely uscful. The probtem
facing the mill laboratory is how to carry out comparative strength
tests. Single-ibre testing* is really ajob for the research laboratory,
wherc the instruments required receive the attention of specialists
and where time, although important, is not as limitcd as in the mill
taboratory. Reviews of the methods of single-fibre testing will be
found in the Journals of the Textile Institute for May 1937 and
February 1947. Further papers will be found in thc referencgs at the
end ofthh chapter, The Cambridgc Extensometer, the Instron, and
the Scott Serigraph have ahcady been dcscribed and all three car
be used for single-fibre test;ng, the Scott rcquiring an accessory.

Considcration of thc timc and skill required for single-fibre testing
has led to the developm€nt of instrument! which test a composite
spccimen. Th€ Pressley, the Stelometer, and the Clemson are all
exarnples of instruments .lr,hich test a flat bundle of fibres. In the
early stages of this development the specirnens wcre testeC at zcro
gauge length, but the conclusion has b€en r€ached, after a c< nsider-
able amount ofinvestigation, that tests on a specimen length of t in.
give a closer agreement with subsequent yarn strenglh tests.

Amongst othersets ofvaluable data, Hertel and Craren (7.d. R.r.
1.26, p. 479 (1956)) obtained cor.elation coemcients bet(,ecn the
ralues ofcotton fibre tenacity at zero gauge length, tenacity at t in.,
and the skein or hank strength of yarns produced lrom the tested
cottons. The Stelometer was used in the experimgntal work since the
relations between the elongation values obtained from fibre bundlc
tcsting and various yarn properties \4ere also studi€d. Tablc 8.3 is
taken from Hertel and Craven's paper.

For both the long and medium staple cottons there appears to be
a high correlation between rhe tenacity of th€ raw cotton at the

* in. gauge length and the sk€in strength ofthe resultant yarns. A
high correlation betivee[ the Stelometer resulr and the rcsults of
singl€-fibre testi on the Iniiron tester is also reported.

'S.. B.S. 34ll :1961. Tlr TtutL Ptu,nti.' oI IndiDidral 7.,ttL Fibtt Mt F.lauatt.
B.S. H&dboot No. I l, p. 62, Sc. aLo p. {O7 of thc prent volum. fo! dd.riPtion
of thc W.I.R.A. Singl. Fibrc Strogth Mct.r.
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rabh 8.3

kolt.t til, c fr.n,p,

0.96
095
0.96

0.44
0.38
086

x - T.nrlirt .n.rrm! F gr'r I r'n's'Ls'lrnB'h'
i' i"i. "**i ., 

"' 
*'a.d *m ror $< n'diu n napr' @iion or 36:

@mb.d Yam lor Lh' 
'd3 

3EPr' @rcn

Even thoueh fibre bundle lesting does rcduce the work involved'

t. ;.iiti ;;;:ii";i;;;* f'.*" "ii* "u"' 'ixteen 
test! ptr sampre

"'. *.r;r.a t. s;'i'conidence limits ofaround 2 per cent ' .
From the ab-ove general remarkJ on 6bre lestrng the rn'erence

-ii;,;;;;t;;;va.n p'operti'* cu" t' predicredfrom either

sinsle-fibre or fibre bundle rests The results are guides whlch snouro.

be"used complementarily with experience; a giFat amounL oI

i*.'i;*t"" il *, to be ione before such predicrions-can be made

* ith aiieh dee.ee of accuracy One interesting line ol rnq'rrry may

l"ad ro rhi ,-rse ota punched card syst€m i the vario'rs t' bre propernes

l"?",".iJ1"i. ir.;.i.a. rr'" c,'a fed to a card-reading device'

:;:';h;';;;n" vu.n p'op"ri'" derived automadcallv and

ioti,ered fiom the machine on a printed card'
"'il'; i;,;;J;';;i,*utt".uti 'p;nning 

*sts on equiPment su'h

,. ir,. St ;'t., Miniature Spinning PIant will no doubt removr some

:i ;:;;;br;-, ;i i.;..*iing v;'n 'haracter 
rrom sampres or raw

-,,.'rir.. i'1, '". "", 
k on rte'fundum'n'al PropFrties ofthe 6bres

1t'ill slill be ne(e\ary for continued progress tn texrrre lecnnorotsv'

YARN STRENCTII TESTING

The ranse of insrruments qhich are availablc for tesling the strength

;;';j;;"';;;;J;J;ingie-rhreud t.'re'" operatins on the prin-

cioies ofpenb"lum te"er. inclined P)anc, strain gau8e' and consraff-

;":.;;-dJ ,*,.^ tf the penduium lever or ballistic rvPes somc

:;iil". i;i;;;;; ;;. ,.ri,i'av simPle' somc comPlicated' som'

havc recording devicc", *-" utt u"torn"ii"' The choicc,of the bcat

nDe to use is often difficull.
" "i;;":;";;;':;nnot be siven herc bccau"e 

"o 
*"ii d'pend"

";""i;.;;-;htJ 
the r-esultan information is to be put'

i'..i'"f."1 .ra economic points rcquire c)ose sludy' Are lhc test
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resulls Furely fcr inrernal Ure or are rhey quoled ro o:rrside people ?
What degree ofaccuracy is demanded ? How qui.Ity musr thi r.su[s
be availablel Is th€ rerl for rourine;.,n(rol ", io.."le,i*.nrui
work? These arejust a few,ofthc questions u,hich arise. Ii u.ould be
un\r'ise to say that instrument A is superior to B without kno*.ing all
the facts, but it is useful to compare the various methods of iarn
testing from a pu.ely technical angle,

Thc l€a bit
In many sectiois of th€ texrile industry, especially rhe older
sections ofwool, cotron, and flax, the iea or han* iest on a pendulum
I€ver testcr is the standard method ofmeasuring the ttrength, ofthe
yarn. Inv€rted commas arc used deliberately and the reason rlill be
gathered in the course of the following discussion.

. 
A hank of yarn. $ i(h its 3ranjng and 6nishing ends knolted, is

placed over the hooks ofa lea resrrr ot the type shovn in Figure B.16.
As thf lo\,,/er hook descends, a load is impoied on the lools oI yarn
constituting tlc hank. At some poinl one of the rhreads breaks, yer
tht hank remains intact and capable of sustaining further loa.ding.
The hank suffcrs a succession of thread breaks and ultimately bi-
comes unable to susrain any lurther inrrease in load. When rhis
happens the pendulum stops moving and rhe maximum load is
indicated on rhe dial, the lea srrensth' of rhar Darlicutar hank-
Note here thar only a fraction of rhe toral numlrr ot threads
between the hooks have actually broken. The end-point ofthe test is
determined by the rate at which the hanl unrav;ts as rhe threads
break. Atthe 6rst few brcaks the rate of unravelling is small- When
the rate of unravelling equalsthe rate of separation;f rhe hooks, rhe
top hook will stop and the maximum load will have beer reached.

-If, 
instead oftwo hooks, the yarn had been looped round B0 pairs

offrictionless pulleys, then as soon as the firstthrerd broke the;hole
hank rvould unravel. In the normal iesr, therefole, it is the presence
of frictional forces bctween thrEad and thrEad. and rhriad and
hook, which resrricrs rhe unmvelting ofthe hank. Hen(e, r}Ie indi-
cated strength is a combination ofa complex composite spe.ioen
tesl plus a meaiure ofrhe frictional propenies ofyarn ;n hank form
and yarn/hoo[ fri.r;on. The;nrer-yarn friction is increased by any
twist put inlo the hank as it is pta(ed over the hooks or ifrhe threadi
are bunched on thi hooks. Personal err)"ngrc rbus tiable ro cre€p in.
A tunhrr poinr to note is rhat unequal tensions in rhe rhreads oithe
hank, will rfsult in a lowered str€r,Bih because rhe ri6hrer threads
will break too soon.
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rhe rri' rionar rur(Fs.Prc'Pnr 'l "'i '".i,';tIli:"' 'Xi:;:.'li]i'il
ufrhe (rsr ro rhr detc, rion ots"ak pld' ps 

", ,lit."',,,"r*,r,. l*,r."
isr-encra t u"akrirr' or:'''' I' :'"",i';;..r,i. ir,,*a' ":,r.,escnce of an alirormall! \(cak pld'F l

ll)"r" i.,*ii;. rn" *ir r.F dF,"on u,ar::sL'I:i::: il::::ili:
oneih,"od in sorne hanls.hcinq ''' i'i:,iJ';,.;r;; .i;.-,,.
arrraee lea strengrh rs seldom so-mu(h I

1:;,';;;;. i;^,',""hins ^ur oi rrrF ordrnarv ir 'u'PeLred Ir) tr-e

" 
oi,'.i'i;d,' 

J. r e, t t n' t il;'-''-'-1, : ::: .JJ'il]: i t,'lil,lll'.:
nc, simplc proPortional retalron hcl\ee

,.rl rhe "inqle+hread 5ttength a 'rmrrrrrq 
irrror il rlre usenrlness of

'''.l".lJ"il;,e.1inq na.r,inc' ha\F a "dre srr.rr indi'a'er the

"',"".ion ot rhe larn l'ut' sinr F rhc rlonsalion is par rl1 theunravel-

ru"-* "i,i," 
i,,"r. r, i, nur a s,i.fd. (o, \ 

Tli.lllT,iJl. ""o.,, " 
r, *

,.:x':l.l' l :\:: :l:; :: :il 1 ; il -1i :: j*,':.::i j j 
'. 
*i,;**
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.nd "hi.h L.cr, d ,FJ- ,d r\ I " "iii,!. s.: ;r!, r,,F ma(hine
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-, 
Some^C.S.P. values lor various yarns may be read off rhe er dDh ofi.rgure b.9 shrch shoss ho$ the C.S.p. varies as rhe r".tir.io. L(hanged- Iheconcept of rhe C.S.p. mav be used rodcri\r al ind;

-Dy 
(Drch the sprnning qualiry ofa colron may be judgcd or rt,e

sprnnrng ett(rency ofa parri(utar sysrem. Srandard-C.5.p. vatLres
nave been (hosen.2.000 for carded and 2,250 for cumbed rarns

As.rhe eount ofa yarn becomes finer rhe C.S.p. f,lir, ,;;;.i;; ;, "(rrrain counr rhe CS.p. wil be equal ro lhe sl".d"rd. T;ia:;;;;
thFn lermed rhe,hiqhesr standard counr.. Hence. rhe H.S.C. tor asample ot collon rs a measure of i* spinning qualiry.

These standards have been devetoped b-y ihe Si;,ley In,r;rute(B.C.l.R.A.) and are bared on the conl;tioni una.. *r,i.i,pin.i,.,n
te.ts are carrjed our thcre. In an excellent pap., ty t_o',a ,ni
lrnderwood 

(Enp. Cou. C,,. R.t. No. r lgso,,;;y.,;..,r;i;;;
ano yarn testrng are covered and rhe principles of ih; C.S.p. andH.S.C. are discussed in detail.

Sk.i,1.brca*ine ku.it)
In a reporr of rhe London Conference ot rhe Inlerrarional
Standards 

. 
Organisation, Technical Committee 38, 1960, ;-;;,

speLimenrize for yarn counr resring \as suBgesred. Thr .kFi,, \uutd
be iU m Iong,_;.e. 50 uraps on a one metre srap reel. this.teirr
::ill :: l*l:9 * . 

"rensrh 
te<ing machine and rhe breakins road

mer.ured rn krlogramm"s. In pla.e of rhe.ouni,srrenellr D;ddcr1U.s.f.) a.mearure of rhe yarn srre:1qrh .qualit). 
"Jutd't,e rhe

srern-breakrng iendciry- and rhjs eould be (at.ulared a, tullo\,5.
,. (Ar.r.rg.31.;,-breakingloadinkitogranrmey

rtic.r-rrreakrng . I0O0te acity
(grammes per 2 x ruaps in skein r average linear. densitv
_.tex) of unstrained yarn, in texDirr.r {omparison ofrtri< fieurF rirh ,ineti rlrread renarirr fiom
srngle thread tests routd be possibte.

Tlv ballistir test
This t€st on hanks of ).arn has a number of desirabte learures:(l) lt js simple ro.arry out dnd it re)!s a Irrge sanptF.
(2) It is rapid (faster rhan the lea test).
(31 Il is not as liable ro operator error; as the ]ea resl.

,:] Yarn rrict'ol plavs a neqlisjbte pa,t;n J.tc,mi,,i,.s rr,e , F. ,rr.
(5) t.lery thread breaks and.onrribures ro rhe final reir,tr.(6) The machine is robust and no po$er suppty js ncedcd.
(7) The broken )ea may be uscd foi a co,nr re.r.
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The ballislic test records the amount olenerg, oruork required to

ur*l " 
i.tf otvarn and jn effeLt thtee chara( tcristics ofthe larn

,,.."-tr"J r.1,". CgLrre: I'rreakinq load' hreaking.exrension ,and
r^ork facror' I. nlonunarely rhe breaking load and th' b'eaxrng

exten)ion cannot be separatcd Furthrr' a slrong jnextensrble yarn

i,"r'r"i't. a;t,i"e';lrerl from a we"ker but more exten'ible tarn .

il: ,;;;';;;;;".;;*d sith rhe Bay in \hi( h current quariri's or

""'" r:-" i "* "."1 ,o * eek. i.e. he ii concerned I' irh rhe t ompari-

l,ii "ii"ir.,ri': "i*1.' specimens chanscs in rhe rorron qualitr ' rhe

-"Jr".r" r.ir.-".r.e', .rc. -,tt be dl'e'ted The balli\ric lelt.is

l.".rii' . *ir-r. i" ;; ;is job r ir ma) in fa'r be more sensirive in the

;....;;;;ir":.-;;";t.1,in irreguraiirv rhan rhe rFa I"st Nevetrhe-

i..";-;1;; i.,i maintains its piace in routine testing and has not

been replaced b,v the ballistic test'

The sinpl.-tht€ad test

ii," l1l"a':.,i.-.' .r,he lca tesr-a complex result' ro measute of

exren.ion- are ;limin.ted in rhe sinqle-rhre"d test' lenrng 'n"tflr-
il."il r." r'arirr,l. which produc! load-elonsation diasrams.if

..",,i'"i. c""aL,*'a. S,"'t, ""o l.",on bFins eraLr.lles .The
i"l.r".-.,, o[ auromari. insrrumenrs of rh€ 'alibre ot the u'lFr

i"' ,.,"-."J " ",,j., 
di"adsanrage ofsingle-rhread resting' that of

the rime r €quired."'i".'"'r.ii i*;* 
"here 

rhe maximum amount orinformation is

*",".i.'iil,r*r"i nrrad les( )hould be used lt must be bolne in

-iJ ,r,.,',r,;-i;tl.i.r'kill and (are 'hould be high esperialll ifrhe

ir"*.,,* it non-aJtomalic. beLause Ihe manner ol handltnq {he

iil;;;;;;';fl;.;;" '.""rt'. rr. aim is to give €acL individuar

rh' cad idenrical tleatment.' I;;'1,;',";;"'; i;', p'ocedure lBS Handbooh' p l3srrhemini-
mum numl,er of 20 ;n. lest specimens for single spun )arns.'t JU'

Thus. the J(tual lenFh tested is relrtiv'ly sholt dnd mus( oe re-

e",a.a * " ai.rA*,,;qe ofthe test Therhan'esol5Polrrnga$ear
it,ce ll,nl mav onlv appear once e\ery 1,000 td or-so.bv Iestrnq

i"tu l.oOO in. misht seem small Cren so, by calculal'nq rne

.""'m.i.r,. .f t'*;"i"" oflhe strength and lhe exrension' a mea'ure

nllhe resular it! of the material ;s obtained'- i}'1.".i'.,i" L..; mentioned rhat there is no simPle relation

""i;; 
;.;;J""h*,a s*'grr' and rhe lea strength rhe

i,ll.'ii, "..,r.'i"i 
r- it'. l.ar'"1-*uv te 

'utr.ulal€d 
bv divjdins the

il::;;il;; 'h. 
;,mber of threads be(teen rh€ hoors' c g bv

ifoii,i,i'i"ii. "* o rzo ra hank \\ound in Bo revorut;ons orrhe
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\rap reel. This \alue ofslrength per rhrFad can be expre>sed a. a
per,entage of rhe average single-rtneaC srr"neth. Us;attv. about
70 per rent is ohtained bur it ma1 rary betr.een 50 p.. i."t una
90 per_crnt. In Cregoryi paper,J. Trtt. In<r.44,-t't's rIg53,) rhe
ralio oflea hreaking lengrh: s;nele-rhread brFaking length is quo(ed
fora.numberof experimentat yarns. therariovaryingfro;0.56 t;0.90.

The constant-tension winding test has been discussed earlier in
this chapter and its value as a detector of rveak places has been
menrioned. A word ofra,arning is necessary. Tt. t..i ;, upp*.n,r1 u
close approximarion to acrual runninq condirions ana is iliereforJ of
an.imitative nature. Like a number ofsuch imitati\..e tests the real
conditions are exaggeiated, in this case the tension Ievel is far hisher
than normal running tensions. Caution must rherelore be used in-the
interpretation of the rcsuhs.

Standatd single- thrcad .ttleneth l)atues
The. introduction of an automatic single-thread strengrh tester of
tbe_'Uster' i,?e has enabled the ]aboiarory in an ave-rage mill to
make a close sr:dy ofthe strenqrh chara.leristics ot ils v;rns. Il is
clearly a u"eful exercis" to c"mpire or. s o" n product wirh rhose ot
other )arn produ.ers. I-he manufacrurers ofrhe.Usrer'rF"rcr hare
therefore prepared a s€r olstandards based on the resutts oftests on
many yams from different countries. The standards are for carded
and combed cotton yarns spun from r.arious raw cotton var;eties
and at different twist factoN. A book of standa.ds charts is pub_
lished by lhlliand of Heidetberg. West Cermany. An .xrra'cr is
given in Figure 8.47.

Ir rill Le roted rhar rhF breakinq suengrh is erpressed in terms of
'breatinq lFnSrh'. a concept discussid "artLr in rhis chaprer. Funher,
the count k exprcssed in tex, but the tw.ist tactor in the bnglish form.
A ca.dcd-cotton yarn, spun from Texas cotton, I + in. siaple, to a
count oI24s (English), $ith a twist facror of 4.00, should give a
breaking lcngth of about 14,25 km. Changing the 24s inio tex
counts, 24.6, rse locate 24.6 along the horizontal scate and then
move vertically to cut the 4.00 tnist,actor tine. The point of
intersection lies approximately one-quarte. rhc distance betiveen the
thick 14 and t5 km tines. Herce, 14.25 km roterances or iimits are
sho\'\,n above the chart, + 0.30 km. Converting the breaking length
to breaking load in grdms (t4.25 x 24.6) ue conctud- rhat-our iCs
yarn should have a mean breaking load of about 350 g. Below the
chart thcre ir a line which indicatcs the degree ofvariatlon tir be cx.
pected; for the ),ari1 considered, aC.V. perce:ntage of lO.5 is indicated.
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Standards for the elongaiion at break are also to be found below

'r,J.i'#il" *"J..a'. fr,." '* interpreted in virtuallv thc same

:i;".;'i;i:;;;;-i"oursc, that the t;s* should lre car ed out on

);'^iJ,;;;';J;,'",J,,.a*'r,. recomm'nd'd "onditions or

r.'.i-i.r'.l"a "i"" 
ir-; orbrcdk or20 '"c otlrerl\i'e r"lse 'on'lusions

may be.drawn..

B:tir8j"-. R

e,;"

!'r]i",." .,.,,. olttlns,IBr5 ] y,."

' \Dt ntu!, d 4tturd Lttt)

sti€ .-.,]

==
:-

ruoMrnc trrN tnEN(i$ lElttl

^trdM^n5<Ht5 
DiN^r/lof Er9l

oYN^]$o ln. 
^uto,'lAnauE

Flss.8 47 E dnph of o' 'Utt" 4'ndNd lot sinsL4Lrud tbtnrth'
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FABEIC STRENCTII TESTINC

The reasons for carrying out r€sts on Iabrics are numerous andraried, some common onis beinc:
(lJ To check rhat rhe fabric co;forms to specificarion.(2. To nore rhe effecrs otchanges in srructurat derails.tr) r o nore rhe efle( r otphysical and chemical treatment, exposureto weather, launderine. etc.
f4) To obra;n some indica-rion ofprobable perlormance in use.(r) ro rnverlreale causes offailure,"d cu"tomer .o_pl.i;ia.
19) I: L:]l ll,ln: *'ign.of a fa-bric for a specifc pu,po'se.(/t ,ro srudy tn-ernteracrion offibre, yarn, and fabric nrooen;""
. I ne cnorce ot lhe mosr suilable tvpe ofresring;nstrurneirt r^iii.lelarsely governed by rhe informarioi so,ght. ihere ,n;;;; ;id:(rjlties asociated with the rype 

"f 
au.i", *"f f y-.*i,i"jrlii,li

rau'rcs w'll requrre drflerent lest methods to ladies,dr;ss soods r"somr cases a suirabte resting ma.hine i, ,.t .".it"bt;.;1";;.:;i
one is designed. For rhe generat ,," .rf"b,i*.;;;;;;;: ifl:.i:menr sele.l€d wilt be one of the types a.r..if.a ."Jfi.. i^"r'r.,].chaprer- Th€se machinrs wirr be baled on ,h. ,il;l;,n"i.":;:rncrnrd.prane, and s(rain gauge pr;n.iptes. dinering in aesien ir;
)arn tesrers rn (apacity and derail. Machines *.}, ^,f,. O"ri*"and the Instron are mulri-DurDose rester
,.,,i,g . r,;,i; i*i;,f ;;#;;iilil;::'" ""d the suitch rrom varn

As in rhe testing of ya.* 
^.,i 

6br.". the armospheric condirionsunder whieh rhe tests are made shortd b. c.rt..lt;d rrd .,;i;b;;scheme of sampling used. The dificurties or."-pri"g.i; -[Lii"
have been discussed in Chaprer 3. Wherever Dossrbt. rhF ie.,i^_
procedures shoutd follo,, th",eco-m"naea s,a;;;,ilr:iil:
Brirish Standards Instirurion or somc other aurhoriry.

.-fl: T.t.rrr* of srrengrh lest are the srraighiforuard ren,iteresr, lhe teallng test, and the bursting (isr, each wirh variations.
Th. sttip brt
The.specimon used in the strip test is usualy a 2 in. wide oiere or,abnc prepared by inirialty culting the rnateriut r" at{,idrl Jfutouizt m. ano remo\rng rhreads from borh edges untit rhe widrh ha,been reduced to 2 in. The rest lcngh shouid f. A i". U.t*l.;
Ja$s and,so cnough-extra lengh must be allored for gdpping in rhe
Jaws..lI the typ€ offabric.is d;mcuk to fray at.,g tt. Iaji, ri., ri,"raorrc u; carctitiy cut to t],e 2 in, w;dth.

.-,It is,not a simple job ro dcsign jawE which wil sui! ait lype3 of,abrrc bccausc diffffent materials behavc in diJfercnt _";;;;
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.lamDed betwren two surfaces Under nniimum conditions th€

.oecimen ritl be mounted centrarrv secu'relv C'',PP'q 1l:l,q Il:
ili *'li,i ",.r.", .lipping, and thejaws aliqned and Palarrer so

li';,";l"i*"d";; ;;oilii,"ii"""rv acmss the rurr specim'n u idrh'

*ilJ't,.^ri, .,.J.'to the jaws bccur frequenr)'' Ihe merhod of

::i"'i;";;;;';;;i;;sho,ri be examined criti(arrv rhe use or sort

::lfiJ--j"*'.:'i:i;;.i*.." ir" "p"'^* and rhe jaw races orren

imoroves matters. The'l'entattve I extue ilandard No 46' I J 'TPxt' '
'Ilf ilt'" ,Ion- i'r qszr) refers to iaw breaks as fol)ows: lf a lest

llll',T;'r."Jn:';;;i"'ri is i" io s .m) or the rine or 
' 
onract or

-'r.r.-. ^r,hp niir( ofiaws at a load substaniiallt less than rhe avet age

:.i[:fi^i;Iff.1i:li"i" "lJit"*-aed 
but not used in 'ar-

]l,i,ir"' ,r,'" l'."1** load and breaking extension Another sPrci-

i...''t""ri 11i.'i.a i-'6 ths 165uh5 v5ed inqtead '
"'t]vrr." ,fr. i""a is appli€d to Ihe striP of fabric the crimp in the

dt*.;;';; illir"e-i"e.'a"", redt'rced and tle crimp in the

tansverse threads increase, a pror6s known as 'crimp inter-'

lfll--:-"i"-"i;r'r. .ffcct of this is the 'waisring' of the sPecimen'

&li?i.,r..'r,i'"la,t'- is sreatest in rhe middle and decrea"es to-

i".i,i-r'.i.l,,. r" ,r'. region ofrhejaus rhe stre\ses in the spe'imen

"- iiJ 
"i'a 

*" u. ' 'ause 
ot jaw break Fiqure 8'48 shows a srt iP

of fabiic at different stages durinq a test'
"' A ;:;;i;;;;;"" d :.,,: ll:,1['Sl;T: :l6.*,f;
streneths ofthe component yarns w'rr nc

:H i;:""',;6-;;,,; der;v;d t rhe variabres hhich race rhe rech-

nolosist include:
II) ftaw material characteristics'
);( v;;; ;;".,'..-.ount, ;rt csularitv twht facrors doubling' etc

i;i i;;; "**,.-settinss, 
(rimp percentases' wcave'

l+r rabric finish.t't-r',ljri,-ii'i 
-r"t is the eff€ct of the tranrverse threads on rhe

striD strensth. lf\^e calculate the rano

StriP srrengrh Per thread

Single thread stren$h

the result is ,'ually high'er rhan unily This indi(ares rhat tht

l'"*,ILi ,}r.*i. l."e iorne fo'm of binding effcct on the longi-

.8.5.2576J959. Bad^ias bdd drd E ttbbn oJ Sk.l* oI wou' T"lih Fab'n' B's'

'I::n'Lil:i 
li":.'."d . l:li:':.-{; xi..,,L#il#;* ;l'Jil'"'i}tffi::'cloth. Yam, lrd Fibr' PrcP" ''! 

w'th rarucuri

I. n;t.IBt.5. t26 \t 3)'



(b)

tis"t.8.18. btau|Jablic h'tcd in n,ib ftn
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,uoinar,h, ead'. "o 
in', ed.inq th'ir srrel.'.'l",t":1'.',:iT',llf ;:f1

i^,1,i(.ffe.t as tabric a.sirlrntc- ln som

li" il,:;;'J'1 . ',;;,. ir.. ',''r'.,"r 'r *r' rr "eads per inrh is

'"T'-,",',",o tt.',n'a:n"'on"r'''trl l:1.:' o:-':l:t-li :l:
t L,i' ii:)",,r j",,."1 28. \o. q p' loe 

"l::: # :i]: T:lij:.^-.impn ,( \tresled in 1$o d'r(cnons ;

,5-ii.. "'i c;,1..'. L L.J' rrt /'(r''1'1jr lqur '

t;!d. 8 ;9 KnitL. ! inini kikt i\ tni! )ijrl

Il-.ili.i,i',r,,.,,,,.",he rorm or the gr ab te:.':.T:','f i'::,];it*
TIE ydb tert

l,;Tl: :;:lll::'i:.,.iJ'li'iJ'.i'i":";''' -"t1':'" l#;.1:.l,rll, ll::il::.*:'il;; i:'.i, lliii""",,.,,i11"rr r'.." *; :i,;';:;J'il',i:',:"i::.$: iii?;ii: ,'* iJ;i "'' iiir".';a' r'"-.1:'::3:.1:"1'..,ri:

ff ,:rfi:"l'ili:: :l :': il!'.""g. ;ii"i":t.', .r*'il::,f|,'5:6lll
ilill' 

"lfi 
i.ilj;ll i":h';;;'i, r;. ;;;;'';,':i.I:r. i.:;li,i"';l:

lil;'::.1":::i i:l';'J"::i."', r":, ::# j'l:.1'::::;llJ:Ji.$ rs z.o lrLro 'l''ion \3' approxrmrtel' :

,. r-ion ol rhe fdL'r i' il thF 'r riP tcsl lf(rL

Grab stength ing extension 9/o

4D
Tcnsile strcngth Per inch
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Farrors other rlkn rhe exrension are inrotled bur rhc relarjnrr rrirhbreakrng rxrension rrkes care ofa Iaree part ofrhF *,i",i"" ;,;,h;
i:i!-i:,lllr. r"alio on5 aa,an,ge Jr ir,.. g,"r, ,.i i ,i;., ,;.prfpar atron ol-lhe spc.imens is s;mphr. To Fn'\r, 

" ,f,,, ,f," i.,- r,,. .gr'p-thc sdme rhread, ir i. u,uat ,o linF them up "C,;..,. o",,.iii;"marJred dorn rhe .pecime n. rn rhe U.S.A. rh.;;t;:,,',. I;;;;il;;.usedlor conrrot re.rinq. bur for a..urar" ,,.;i;.'.; ; ;; i; ;J...

Fisar. 8-50. Spe.i .n af th, snb k

Teating lrength
A fabric whith. Lears easity is usualty regardFd as "n inlcrior DJo_

::h-eii,ve 
rapes. ThF uritity ofa rorn anicle is r.dri, ed; 

", ;.., i, ;,
l:l:?tq ',p 

and may be used for a Iess imporranr job a.d ar 
" "r. t ,r,ean'-cre,'s scrappcd..The resistance of a fabric io i€a.inq h". I ;;;s.uoreo by \alous Iaborarories and some qeneral ,.r,f,i.i,,r. f.",.

(l) Threads btea} sinetv or in very rmalt groups durins rtrr r, rr.therer6re rhe sinste-r hread srr ength ofrhi , omp.,."il,,.;. ;. :igrear lmporta[ce.
(2) Where rhe rabric .hara(reri,ri, s aIo\, rlrr rhr erd, group cto.crtogelher under the force of rhe tearing agrncy and so. il1sreadof the sucressire breatage of ;"air.iar"i rr,,*a.. rf,c ".',i.iDecomes rnore ot-a srrendh te\l on nlied ).arns. Thi, Sroupinq ofrh, ead5 js made easier ;f-rr,e ,a.ns l.e smooth 

",d J" Jip .,.;each orher.
(3) Clorly related to po;nr-(2) is rhe effect ofweave. Thus, a rs ilt ora.z,z matt strucrure al)ous rhe rhreads to group betrer rhan aplain l'eave. Twills and matt u.eave exhibit b.ti.. ,.";t.".;-t.

tearing rhan plain weave,
(4) H;gh-sct fabricr preclude thread movemenl and the assi,rance

Dy rhread Irouping is therefore greatly reduced.
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15) Spe .al r'abric finishes such as drip-dry and crease-resist treat_
m.:ns mn) r.duce rhe rearing strengrh. (N{uch rvork on this
a.pcct offinishes is curenrly in progrcss and no doubt some of
dre adlerse elTectr Iill be eliminated.)

-- 
The me.ha.ism of tcaring is discussed in the follo*ing papers:

Kroo} and Fox (Terr. .R,r.7. 15, p. 389 (19a5)), Teixiera, il;tt; and
I_"1!!(:l \T?\t. Rc,. J.25. p.838 (1915 ). Ta\)ot \J. 1p^1. tn.t.
50. T I6l ( 1959 r).

-tkthads of n.asuline tedting strength
f r nr.rny ,,f rhe l"Jrinq srrengrh resrs stnndard rcn ile srrenqrh
tr.'inr m", hinx are rrsed: rLFy are somerimes modi6ed.ligtrrly Eut
Ih. rmpar(anr fearJre. of,he vari^us lesrs are usua y rhe foim or rhe
icst specimcn, the merhod ofsecuring ir in the jawi, and the inter-
prctalion ofthe recorded strengih values. Some aurhorities point out
that many tears in practice occur suddenty and that a teiring test
should be made at high spced mther than at the normal slow trai.erse
speed oftensile rests.

Figu re 8.5 I illustrates some of the forms of the test specimens used
for tcaring tests.

]:he to.tryue tear r,r, (8.S. Handbook, p. 165). The specimen is
prFp"r.d drd mounted in lhejaws ofrhe rensite 

"rr.ngirr t.srer, as
indi.arcd in ligrrre 8.52. Whfre a pendulum lever ma"trine i. used
the pa$I" on rhe pendulum nre made inoperarive so rhar as (he
thr€ad brcalis the tever falls back from a peak position and rises
again rhcn the next thread is loaded. An autographic device is
usefrrl herc since the peak loads are recorded on th;ch;rt, n,hereas a
rc,rir,g rna, hine $ irhour a charl rr itt require the operarur ro fo o\a
rhc pcak loads ca,(lully and to re,o.a il,em as rhe ledr pro.ecds.
Five tcsts in €ach dircction are made. The tearing strength rcported
i, the median ralue ,,f rhe peak load raluc<. fiqurc 8.53 ,h"\1s rhe
chart produred from e rearinq rc,r usine rhe Ir,i.on t.,r"..

The taneue 'doibb n?' kst (8.5. Handbok, p. 167 (1956)). Thk
1.\( is pul for\\ard by the Linen Indu"trl Rcrcar,h,\so(,Jrion. In
pr;ncipJe. ;r i5 sim;lar ro ihe pre\;ous lcst. Aga;n, 6\,c 1e,15 arc made
in earh direrrion bur rhe reporred tearjnq-strengrh is derermined
kom the highc't value during each rear and rhi nraz of rhe fir.e
highest values ;! calculated.

In both the tests just described it sometimes h.ppens that the
tearing occurs at right angles to the direction oftfic apptied load. In
such cases the fabdc is regarded as untearablc under ih) ut conditkw
but not necessarily unt.arabl€ under other conditions.
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Flsu/. 8.52. Tlu 'Sh],tq' doubk tundulad bo nti. t 
'k| \Id kuins n@gfi)

Tlv kabczoid t.at tcst-*'fhis form ofigar test is a standard method
of the American Society for Tesline Material" The tille of the lest

stems lrom rhi shape oflhs test sPecimen. TIe sPecimen is clamped

uith thejaus along the lines AB and CD, $ith the edge AD taut and

the edee BC jn toids. As tl'cja,rs scpardle lhe fabric tears, starlins
from rhe I in..u1. The a\etaqe lcarinq slrenqth is de(ermined on

6re speciricn" in ea.h direcrion. Here aqain, an auroeraPhic devir"
on thi testilg ma, hir,e is a u(eful a(cessory,

fhe wingiit t?at 1."t. fl\e rrndrncy lor the icar lo lransfer ;n

direction irom the direct;n of the applied load can bc counter-

acted by preparing tlre spcr imens for t[C u ing rip re"t This has Lee-r

a*a"p'.i r,v X"n,l a;'d;' des.rilJcd bv E"i;s (J. Ttxt' lt6t 47,

T609 il956i). An anete ot 55 degrees \!as found lo be arr nPtimum
rhich'is su'iial,le foi. "id" range of fabri.s. Thc Point oI tear

remains more or.less.rn lil1e uith thejaw centrcs as the lear Proceeds'
(See B.S. Handbook No. I l. P. 255.)
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Tlu ballittir ho hr, (8.S. Handbook, p. 257). The tearing tests
described above are normally carrjed out at a slow rate ofjaw
sepaEtion, say 4l in./min, but in practice rears are produced
accidentally and at rctatively high speeds. The rapid action of the
ballistic test may therelore offcr a closer approximation to the actual
tearing of a fabric.

Pigw, E.53. &.e,1 d L6iaq th.nsth bn on INaM tu|itu.
Matdial: Dlip-dry Mlin 126 x 72,45s x i6t.otton nk.

Mditn ,ala of r.a* l$dt : 940 z, n d : 932 c

For the ballistic tear rest rhe sperimens are prepared in sets of
two, ffvc sets warp way and fivc weft way. The form and dimensions
ofthc specimeru arc shown in Figurc 8.51. The tails are clamped in
rhc jaws ofa Suitablc ballistic tcster (Figurr 8.52) and thc per-
dulum rclea-scd. It uill bc r€mcmbered rhat rhc balliltic tcstcr
rcrcordi the mergy or reork absorbcd by the spccimen. The reason
for using two specimms will be app$ciarrd when it is realised rhat,
in addition to tearing rhc fabric. pan :fthe energy recorded is used
in str€tching rhe tails. By tcaring through I in. oflatric hith rhe
first specimen and through 4 in. with the second, it is possible to
carcel out the energy absorbed in str€tching the sp€cimcn rails.
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Let Wr : mean tearing strengih of five sPecimens 1orn through

I in.. and
W. : mean t"irri"g ttrengrh ol6ve specimenstorn through 4in'

I

Then. Trarinq slrenglh, lb - - ("/{ - I/1)
6

The divisor 6 must be used because, in order to tear thiough 3 is of

r"ir.i.. ii.'."a' .i tt'. specimen must be sep-arared bv.a distanceof

6 in. The scale of the ballistic tesler is graduared rn rnch pounos'

Thercfore, by dividinq by inches, ie 6 in ' 
the result rs grven In

o'frli*ou. 
'*,., nas been used to measure rhe tearins strength

.f 
" 

i"ta" if,-rgf, *hich a nail bas bren dri!€n 1566 Qlestvick 
-J'

l.i,,t. t*r. g,isol (1947)).AnarriclebvHaves(J 7 ,';ri /ffr' 38'

ir 1re+271 deals w;rh a sPe'ih' Problem the traring strengtn oI

wagon covers,

Th. Eln ndotf tearinr t.skr
ii,. """'i,-'.,i 

""oi 
ts in some wavs liLF rhe re"rine orfabric and

.;'i,l;;i";;tll.* that a tstins instrumenr originallY designed

for Daoer lrsti;q can br adaPted and used for labrrc tesllng rn

;*I;I ;;;'ii' . "*gle rip tallistic test ha\ins the ad-lantases or

.,6i.lirvandsmallsamples Figure8 54shossthe lormoltl'esamPre

".'""rtr.a .r, ur.."trilrg die' In rhe test the Elmendorfconl;nues

;; I;;;h; i;t...l r,om thI end oI the srit ro rhe opPosite edse a

distance of 43 mm.

100mr_+

1

I

Fisd. 8.54. S@Ph It Etf,.addf k't
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The pendulum of this insrument is secror-shapcd (Figure 8,55),
and mounted on it is sample clamp A, The other clamp, B, is 6xcJ
to the frame. Wilh rhe pendulum in the raised position the t$,o
c]amps_are aligned aod the sample car.efuny fitted and clamped
tight. (For samples $ithour a precut slit, a knife on the frame is used
to make the 20 mm slit.) When rhe pendulum is rcieased clamp B
moves away from clamp A and the fabric tears across its width. the
arc through which the pendulum srvings is related ro the energy
consum€d by tear. A pointer indicates the tearing force on a scali
on the pendulum. On some models the scale is griduated in hecto-
e :rs (100 S) units; or anorher model as a percenrage ofthe initial
potential enrrgy of rhe pendulum rrhen ir the r;ised position.
Res\rlts-can be expresscd in tw.o ways: (l) the tearing force iequired
io conlinue rhe tear. and (2) rhe rearing enersi i; in. tb/in. (or
q -T,lSm) The tesrer 62pa6;1y is in rhree ranges: 0-t,600 g,
G-3,200 g and 6,400 g. The rwo hjgher 

'.ng.r ir. oUr"i".a U],using'dditional',' .on rhependJlum.

Fistut, 8.55. EtMdotJ ka,ins kstu

__One 
comm"nt on this test uas made by painler, Chu and Morgan

('r?xt..Res. J.20, 4t0 (r950)). .The rorce .arcutated lfrom eneigy
values) is not the averagc ofthe maximum loads, the top peaks;f
the saw tooth diagram, nor of the lower.loads, but sorne;here in
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berrteen. and hcnce is nol lhe load necc(cary lo tear the fabric since

a hiEher val're mus( bF reached 1() get lryond the first pFak Hos'

evei rhe energy it.ell is more u'cful in 
' 
ompalinq the tcar res'tat'c"

"ffabrics. 
Such a measure ha' rhe added advan(aqe ol aYurdrn! lnt.

"..r-rii.rr -*.'i"s rail 'x(cnsion or jJ\r scpardriun neirlrcr ol
qhich'is determinaLle l') rhe Elemendorf tesrer'''ii'i",t1i,, 

/.rr. The \founded burstins rert has been dev ril'cd

.urii". i",tt.'pt...nt chaPler. Since it is, in Fffe't lhe conrinucd

tearing ofa cut made in the irst spe'imen it may be resardeo as a

form of tearing test.

Teain! t.st litctatwe
,t" .*ieU*r review ot rhe lileralure ron(erned $ith rear:ae lc'rs
'r,l' 

U.., trUr;.lrea bv Harrison (J. Tcxr' lnst Sl,Tql Ilc60' 'I'he

'.";i* i, l"i ".'av I list ot *feiences but conrains c'mme,rs and

"ri 
i.irr". .i,f," ,.ii"us methods used for thc measurcment of tcar

strength of fabrics.

ivtl' r"rll.' are made up it is usual for (he (omp'ncn( sF'ti'ns

i"-'t.l"ir.a together by iritched seams, although other methods

";.; .1 th. use"of speciat adhesives mav be used failrrrc at,the

seams leads to I redu.tion in sErviceab;lity €ven lhough the lnur rc

in the rest of lhe article is in good cond;lion lnvestiga('orr "no

"""-].iir* fr^ "f,-"n 
that the-caus€s can b€ put into three main

classes:

(l) Th€ sewing thread rT earing out before the fabric'

r2r Seam sliDDase. c.pecialll rrhere the 'arn' are smnorh ar'd rr lro e

'' ir'" i.l.r'.'r'i l" ;pe', sirucrur', or one in s hn h rh' numhcr of

"".r "ra ".rt inicrla, ins" is rclali\cly Jow Slippage can l'e

..driced bv the use of Fiench seams instead of plairt seams'

fis"t" B,s6 ,h."= *teral rypes of seams emplo\(d rhe dotr'd

lines ind;cating the ltitching.

(3) The breakase ofrhe varns bv the nccdte dulinq scsing Some
' ' 

"r rhe nrobliems a.soriareJ s irh ses ine are discus'ed in pape*
i" n"ir.i" ""a Chamberlain 1.7. rot tttst' {3, T203 119521"
si""ii. ra. tur.4!2,P653 (lgsl)), Frederick (Texr' Rts J'
iZ, p."Au (19s2)), and Sondhelm rJ Tar' hur' tA' T5ao

(1e53)).

.s.. B.S. 387011965: 'Schc.!ul. ofstit h6, seanB and stilching'
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.-'=]xr-

(b)

(e)

r;r,"1<6 \b. at wan: .d\ plain vtu : b) Fnn,h yon; \,) FlatHLd ot tobb.dwdn: d t I tt t. : .l ^r, ,t .d vm: lt, <n gbk?ttd o, t;.d ean ,.

Ar rhe r;me of \riring. a Tenrat;ve Test Standard for seam
stlengrh sas pulrlished \T.T.S. No. 55, .Derermination of Seam
sr'pprse or woven Fabri.\'. J. 7.xt. rnn. y). p6BB (1959)). The
methods-suggesrFd by \Ailiams and Skinkte ... g;,.n Uy br.r..
(Text;l. Iaboratary Manual) |

Williar.s:

Along 5rr;p ofclorh isfotdedot.r.asami!sMnabout r in. from the fol.t
rhe strip is_opoed our and placed in a fabric sFeng,h ,*r.,, ,h. -""hi;;
's 

op€ratcd unril a pr.dflrrmined s(rain har ben impoled, when ir is
stoppedrnd_1h.- aveBge width of rhe zon. of slippage i; measured.
lNote: The T.T.S. No. 5s is based on this merhod.l iS;B.s. 3320,1960
and B.S. Ha.dbook No. I t, p. 189.)

Skinlle:

Skinl,le drk, r,;r:, t,.,-',,. *..*,t" *r- o* in.h Bjdlh ne.Narv ro
produ.e an elonsarion of I in. in oces of r he nbrmd slrkh of lhe ralri.
under rhe same load. A s,andard grab resr.r of50 lti capacity is u.d, T*o
spfl ,mensarFcur,one I in. I0in..rhcorhcr4in. y 4;n.:rhe,malter
spr(imcn i5 scsn-ro rhe loDser by a srudard 3.m + in. f.om rhe end,
usrnS a nredle of approximarety 0.030 in. diame(er, wirh No. 00 whjre
mcrcerised coron at 14 plaifl srirchG to the inch. A st crch Ioad charr is
nade on thc Iona sripj thcn, usinA rhe !am. charr, on the !eam. With apair ofdi d.B rhe difi€rencc beiween rhe two curvc ar I lb forc€ is
mearulcd, rhe dividen a.e 6et for this disrancc ptu I in., aEd run along__thc 

cures undl the torce wherc rhe two cury6 are scparatcd by thii
diitanc. jr fouDd i &! force minus I Ib ;s rh. .Bisla""" tJ 

"r;ppug" 
ir O"

seam. [Thjs mefiod is now an Amcrican standa"d T-t (;j,{:s.?:t
D1683-59T).1
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rt is pointcd out bv Kendarr rJ ',':1;l?j##,li"l'.'l?i.'ffi
ilf, H::*il:'t',':lii::ii""'J.''lff il:JJ"iu'.;'Lir'^'r"
l'il",.,*.,'.i "r ,n' "tit'hins 

materidl.and a risk of needle damage'

il'rli.'. ..i.a .r'^ .omplaint regarding slippage and fri'l'.9 :::
i.'.i"."I"i".Ji. '..- "ippage' 

A test method is 
*'#f:: :iliJ#l:

uhich does not require the preParatron or

sourt e oferror and vartuttol; , .- -^..rr.d to 2 in. wide and onc
Briefly. a re,t specimen.ol lab c rs rav'-* * 

"lff,. 
f"*., *a

end secured in the upper iaw 
oi the resrm6 '' ri"-r..ii"i ;r g.;pp.a

i, ,t.,r.d on o 'o* 
of"teet Pin! mounted,'' 'rf,. i.Utl ,f."g J 1".

bv rhe louer jaw. The pins pierce rh-rouli"ii.- 
"'""."ai.a,n.I in. from ih€ bottom edge o{ rhe labnc 

,

ioad at whn h slippagc occurs Is reroroed An :'i*i*l'-9:".^ .:,I
1"'I-l^. .-,,.- ;-"r,l."tvDe of lest since the load-exlensron curve wtrr

i;:::i:"'".:, ;..;;iiJ.' .*'*p"nai"g to sripPase Points'.- -"'i-" 
",.i1' .rrr* 'nd Pin s€rlings can be 

'aried 
to suit d'flerent

x*:* j'lj*:ilnrix:;:;:;'u:.::*"ii:J*';'"ffi :
fo,rnd in rhe refer€nce g'ven. 

cribed bv cowles (J. ftxr.
Another rest of rhread slippage )t 

ot"il'"'iii.'" 
or"" rr,,.",sL tt .

Il.|it. aA. "1293 (1953)) Two seti ol com

fabric. the distance between them aoout I in Separation of.the

.'#i' i" r.f i.*a by mounling them in spr'ial holders in a tenrng

#";t; ;;;;; -ii a pen *':'d:: -f;1";',;1,;i;."i':*,;',?:
chart produced enables an evaluatron

slippage to be made'

NOTES ON JAWS AND CLAMPS TOR TENSILE TESTINC

rexrire spccimens ranse jrom I" 1b1;,':h."[[;1";',lXt;']',11
plied rabiics: the methods ""o t'*','i;;,;.;;.;Ii, the g,ippi"g
iensite testing insrrument varv *::::.i'i''i;,'i;;;;." tti ,.1,r*
of the ends or the rest specimen '"':;;"';;.';;; ;,(",npt., ;f ",yre.orded, but in pracri'e errors mav liil.i'."a 

"",ir,i.a 
,. 

'r,;sliD occurs it will be recordcd as exte

+l'*ii tir * *:-'*1"* 1,"Y *,x Iff .'iilj *r;"':'ll;
l;ad and. in addition, th€ loacl__€xtensrcn ProPertiB may be affected'
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\Vlere ihe exten(ion.at Lreak is nor of immediate imponance then a(errarn .m.Lrnr of .rippage u.ilt be roterared. .r .d;.;;.h.::.must be (onsidcred in the lishr ofexDerie
rt e ,". ro.r. r,;cr, ,i,. ..Ji;;:J;""i:;',::'"'e and rhe Ino* redge or

\D
7

d .Jil
Eoltom ." 

= 
lL--

ri,.a io lltr.re6,n9 /rosrcc,! -n- 
F-

'ff]

ii,l
.dl

(c)

Fiqua 8-57. Silrt.,hbr anping rythDt,: to) Th.Co,nbti.!4? E,kuatuk,.\bt t hr tn,ttan k)t.t: v, p,,tu:nu. 
"t ,i,e., ja,,, f* i,_ii,. r,,.

,..|i'*jb.* requ;,e carcfur rnrnipulariorr, rrre re"s handrirru rle
^Y1.J:l 9,:. usefut merr,od i, ro .J,nt ,h.'fib;;. .;';:i;;;:.j,:;caroooarcr (see F;sure B.s7(.)) and 1.,,. rh. 6b;;;p;.;;;..i,;ieverlthrng rs ready and rhe tesrinc ma.h;o,. otr,.inr.. .ri-pi-,;;Jil:' j;;:ii:l:."Y ilr-,i: #l !*fl
*scc also B.S. 3{t l:196t. B.S. ttaodbook No. .11, 

p. 62.
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rubber-faced clamPs can be u'cd in the Inslron For the Camhridqc

iI"".^-.*.". '",",hod 
is to s"dge rhe ends ofthe 6bre ;nro holc'

;J'il;;;;;;;;J 
'"pe,'ed 

prue'irhe nbre ends are sometim"'

: ;;;;;; ; ;;ii 
'^*J 

* ';"!'. 
it'." alrxiriarv dFvi'es rhcn he;nq

gripped or hooked into the testing inrtrument'

(b)

Fi.ut.8-58- To dd rotd.lan t: l4),' Ou*'a.tineca 'lo'insYtaa;ib : lh\'calauq' br' 'otrt-g,iP ; \,) '1 tt c*t c'iP

\Dt.,r ot o/ 1'." ttd)

ctit'' lat tt tutd\ )u -.,F;sua 8.59.
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*^l:j.10j.,!,.q..' ,ne pressleyjaws seem ro be favoured. A speciarmounung devrce.rs emptoled_ The pressure applied is controlled by
. 
teslrxtrng the, uchrening of the clamp scre_s by means of anIndrcator whr(h rflls the operator when sufficienr torque has beenappfieo- r he upper la(es ofrhe presstey iaws are Ieathir lined.
. 
toI rhe"grnfral run ufsirgle yarns rhe grip,s usually lake rhe formor parrs ot hb,e-lac.d rvahers lighrened by a screwed nut. Heavier

)arns_su( n as ca.bted )arns and lyre cords require spe.;al grips. Two
etxampres are grven. rhF ,Ca ahaI. tyre cord grip. ,n-arner;.un
d€srgn. and lhe grips u\Fd on rhe Avery resiing machine (see
Figures 8.58 and 8.59).

Tle problems as.uciared $irh fabric iesring have been discussed
earlier.;n thischaprer. I iqures 8.60 and 8.61 sh'o-,h. p;;;.,;;;;;i
1-]1!ilc specimen for. the Arery machine. rn tti, "... u,p.c;ui
mountrng btoc* rs used and thejarv tares are corrugared.

- _rne 
rcader 15 recommended ro srudy lhe catalogues ofrhe various

testrng,nstrumenr makers: a *ide rrnqe ofjaw rypes. quick-act;ng
clamps, etc., rs usuallv illlrstrar.d

t3, ad., oI rl q ,)1)

Ficut E.6o. h.t ins;tabi. 
l2ifflyrff !;1^,r,,*r,*
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4 auklt rl ltat ttt)

FieR S-61 . Tht l"pat'd tlt'itun tuunttd in th' Aury ttis meLiv

Filanitt flauntilc machiru'"-"ii..'," ,r'1. .i'"ot* a shorr des.ripr;on of thc courtronic T)'Pe 5

il;;;";.ir"';":;;; i"li,a.a . 'ir"'n'" t" the semi-automaric

'iii,.J.i *-r.." mountins and loading The makers.of the

l',],'ii- .r nr.l'.'i *,,;ng descriLe the mo""tins device as rollows'

"il. ;;ii'h; *.'hine (see riglre 8 62)' {reatlv simplifies rh-e

-""rii.* ."a *"".i.g of lexdle filamens on PaPer taPe r ne Pr€-

::,;;;;";""' rolt is'fed over a drum. !'hich has a matt bla'k

HiilT fffl .J.,'i'a* u"rs.o"d to nraments' and which is

;il;;;:'ti-;;.;s'cing i" the iap' to 'nsure oositive drive rhe

^^-.,r-"."1..tc individual filaments trom a bunih on a relvet pad

:ffi :ili i: il ;il-;,:,: .1.: 
.ffi 

:::.,:';'T :'',::l-i::i.tirte 'u'indow' in the P;Per 1aPe' !
iJ;,J ;;;"J,;;."ioi'r'.''p' bv onc rrame' simurtaneousrv
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i.* "-r.l.r' i,.1ure ,"rri.q sraqc e'rsure( rc'ure adhcsion l'ctseen

,"""]"a """-. 
and rh" rapc pJ'ses into a dPtathdlrle ''as'(rre '

.iil,'i.'"r'?.';i.Jlrr"" i"q Lr,'. ,"p. '' t" ' ur on a('umurarion ot
'.',jil'ir. 

',',-',,.';i 
,nou,,.a *-pr" a 

'"'t'ar're 
rramc 'ounrer 

is

-.,,nrerl on rhe fiont nanel of rhe ma(hrnc
':i';;';;; ;;,^"'". rrirh mount'd nraments d;recrrv.into a

."I."1, "lirl -,r-[" a'ta' hed n"d 6rred inro a Elament loading

-,.w"f --4". oror'( tion aqainrt damaqe is afford"d Let$een

;;";;i;q;iui..,'' "nd 
r'nins thrm The m"(hine enrurcs 'on-

"i,,".',I^L,u""r- 
r, hlament in theIrntreoteach sindow rvith

:;;,t''t;.,-.i; in eath filamant 'ombined 
rLirh a hich rate of

rn..,",i"e. fL" nlamcnt mourrting machine is available as a

..""'.i. ;** . ,fr" c.urrr"nic sl sLcm and can rher"for ehe u'cd I irh

or'bcr r' pes of rensile tesring irrsrruments'
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, EVENNESS TESTING

NTR OD U CTION

^N 
optimjst talk in t€rms of everiness and rcgularity; a pessimist

talLs about iregularity. Whiihever terminology we prefer, we are
concerned with the dfgree of uniformity in the products ofthe vari-
ous machines used in the formation of ya.rns. The tark of the spinner
ofstaple fibres, in particular natural fibrcs, ii to transform a mass of
miUions of individual 6bres with variable prope.lies, tangled and
containing unwanted foreign matter, into a yarn characterised by
uniformity of weight per unit length, diameterr turns per inch,
colour, strength, and so on. The magnitud€ of this task is indeed
great arld it is not surprising that perfecdy uniform yarns are as yet
a spinner's dream. Nevertheless, the efforts of many textil€ tech-
nologists arc directed to the design of systems of fibre manipulation
which will produce yarns whose regularity approaches rhe ideal.

The textile industry is diverse; some people specialise in the
producdon ofirregular and fancy yarni but we will not pursue their
problems here. In passing it is worth remembering that one problem
is to imitate the irregularity of yarns used in linen, a.fabric whose
character is pardy depmdent on the irregularity of its component

A high degree ofuniformity may produce problems for the fabric
manufacturer. Other yam blemishes, e.g. knots, and the shori-
comings ofthe loom or Lnirting machine may be thrown into greater
promjnence by the lack ofrhe power ofconcealment s hjch irregular
yarns tend to possess. Ttio:e who handle filament yarns are uell
aware of lhese problems. One resuh is lhe greater precision de-
mandcd in the construction of the machinery used in rhe manu-
facture of filament yarn fabrics.

THE NATURE OF IRRECULARITY
'We are aware already that some yarn properties are subject to

rvariation, c.g. weight per un;t lenglh, twist, diameter. strength, etc.,
and it is thereforc necessary to decide uhich property rrill be rhe
most usdul one to measure in order to derive a nume cal assessment
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of the irregularity. Most of the prcperties are r€lated in some way
and for specific purpos€s any onc may be studied, but perhaps the
most popular appioach is to consider the variation in w€ight per unit
Iength or thickness. Henc€, not only yarns may be studied from this
angle but laps, slivers, and rovings also.

guppose we had a strand ofmaterial and cut it up into shot equal
Iength3. The weight of each cons€cutive length could bc lound dnd
plotted on a graph in a manner similar to that shown in Figurc 9.1,
By joining th€ points a trace is produced; this shows the way in
which the weight per unit length varies about a central or mean
value. The deviaxions from the mean could be d€termined, the mean
deviation calculated, and the percentage mean deviation derived
and used as a measure of the irregularity. Alternatively, the devia-
tions from the mean could be squared and the coemcient ofvariation
calculated. Where the deviations from the mean are of a .andom
natur€, the percentage mean deviation (P.M,D.) and the co€fficient
ofvariation (C.V,) are related:

c.v. : l.2s P.M.D. ... (e.r)

\
.9
3

5 in. 0in.

Weiqht (lv) of conrecutive 1in. Lenlths cut from yorn

Fisw 9.1. Vriarid in wiSht Pd in.h

The cutting and weighing method is in fact one technique used in
the measurement ofirregularity, but it has the disadwntrge ofbeing
slow and labodous. Other methode use insEuments which auto-
matically produce a trace of the variation and, at the same tim€,
either calfy out the calculations of P.M.D. or C.V. or produce
figurcs which enablc the required information tb be calculated fairly
rapidly.

Not all traces of the variatioi in we,ght per unit lenglh show a
mndom distribution of the deviations from the mean. IBpection of
somc trac€s revcals defnite sequences of thick and thin placer in the
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strand of rnatcrial. These forms ol irregularity are referred lo as
'p€riodic variations' because of th€ir cyciical nature. To describe
these periodic variations \'€ use two terms, 'wavelength' and
'amplitude'. Figure 9.2 iiiusirates these two rirms. The wavelengrh
is thc drstance from one peak of the wave to the next, and ihe
amplitude is a measurc ofthe size of the 'swing' from the mean level,
uaually expressed as a percentage ofthe mean level.

Fieu,.9.2. Wat.hngth onl M nd,
a - M. .hidb.hhr
, anplirud. orri,- r \.'irriol
r - rvrkr.nrrh of r40dn !rn!rio,
-1,,qo : ro-,o*.-rr,.a"

A selection ol regularity traces are given in Figures 9.3-9.7,
togethex with descriptive notes. Not unnaturally, the reader will
want to know the rcasons vr'hy one trace is less variable than anoth€r
and what causesperiodic variations. The subjecr ofirregularity, both
in its theoretical and practical aspects, is wide and cannot be
covered adequately in one chaptcr. While the causes and €ffects will
be discuscd in a general way, the main object of this chapter is to
describe the methods used in the testing of ireeularity and the
interpretation ofrhe results obra;ned. Ir is s(rongly re.ommended
that the references given \hould be consulled concurrenrly w;rh rhe
study of the present chapter.

MEDTUM TERM, AND LONG TERM VARIATION

Wherc periodic variations are present in the material being tested
they rnay be classiGed arcording ro their wavelengh. using rhe fibre
length as a lcngth unit: .

Short term va ation: I ro l0 times the fibre ]ength
Medium term variation: l0 to 100 times the frbre length
IrDg term variation: 100 to 1,000 (or more) times the 6bre length



t15?

Fitu 9.3. lft..utaritv troe of anld tUM 58 g'di$bd'
' r ii. rhatt 20 ia. sliad. C.l/ - 10 94 rdt

Fic*. e.5. 1n4um/ !41:o:{iiilf;r!3!l!. 
".0 

r,*

Fiztd. g.4. ld.zuldit hu, af dt@.fre tliad' O 2 h@*'
' t i; .h,,i - to1n. 

'ti@- 
C Y. : 6 6 Pa dat
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Fign. 9.6. Ilt.sularit tlM of I har* tuuina,. 1 ii..ho.t = 10 ia. touilc. C-y. : iQ-2 ld dt

F;srz 9.7. Ii.suktiu ol 1& rouonlaiso!. )on_
. I in. chet : t0 in-)on. C.y. : .2 la at

The ihportance of the 
"taoifi..tion ofihl pJriodic variations is

evident whed the probable causes of faults in yarnd and fabrics are
b.inA investigated. The amplitudes of short tarm variatiorx ille
generally greater than those of t}}e longe. rerfn variations. This is
because they are usually th€ result of faulty processing at the last
machioe and they havehad no chanc€ ofb€ingieduced inamplitude
by dnfting and doubting. The differcnt ctasses ofperiodic vaiiation
afeit the appearance of rhe woven or knitred tibrics in different
ways, a point which will ,be discussed later,

TEXTILE
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Two exoressions for irregulariry bave been given: rhe percentage

ili" i.:'*i." ",a 
the loefficienr ofvariado;' lt is uscful ro have

ll'iii"li'' "*l',.'i ;n'ch the prodtrcts or one's own mill mav be

i,,i".a- U".3 *i,f, ai'"retion and in the light of previous experience 
'

i::i";;"d";;';ili; the laboratory ro deride whether $e Produ't5

#*t1"ri;::L:'.r+iifu **;;*iJjrriiiii4';!'.1
'd."m'-n. u"ia-,1.'usrer'rienness restins equipmenr '.Ir' should be

il:;;;;; ;;; rr'.t ir,a. r'tt.' are onrv p,ides and that aciuar

i"".*'*r,i U. *.-r,ed caretully wilh the 
"details ofthe panicular

l"'ri"L-'.""ii i""" t" hand For ixample' it is Possible ro achre\e a

i5*'..'ii'.e"r,.i.v r.. .'il'i :::"1-Y 
"'ti::T:. 

i:l':'i'.1;':1
cotton than would normally be chosen-'

rins down" Conversety, attemPts ro iPrn a higher count than usual

i::'.;"#:;;;;;;icotron wir! generarrv resurt in higher irregu-

ilir*"ir."' r,or.'"i.a in a ser of-sia.r'da'di Further' rhese Tables

corrt Dond 10 the values Produceo wncn lesring rhe mater ials under

'Usrer:'conditions.

'fabb g-t Stdnl^lrl Yol$ af In'sulaitl - -P'M 'D dCv'tc'v pa 
'ntaEa 

aa ttva
a^ n'ord tlu 

"dtu5)

Slubb;ns

12s (sos td)

24s (24 a,

a4s (la'7,

2-8 - 3.5
3 5-+.+

4.t 5.8
5.1-7.2

4.+- 6.1
5 5- 7.6

11.4
14'3

13.5
170

15.0
la.8

6-1 4.2
8.4 - 10.4

7.6 - 10.8
9.6- 13.6

8.0 I1.2
10.0- 14.0

19.7
246

206
25.4

iz.s
24.2

\D{ni io- U'tu Shtd''dr\19t7))

4 5-5.6
5-6 7.0

5 6-8.0
7.7 l0.o

5.8-8.2
'1-2 - 10 2

15.2
19.0

17.3
217

18.8
23.5
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Other types ofiffegularily tesrers may rrqu,re a slighrly differenr setoI varues srnce th€ same marerial. l€sred on a range oi lesrers. mavproducediflering irresulariry figures. lr *;rr r.1if,..;)"i, iri#,_1.:-111, i .""",: amounl of experience must bi'gained with the
l-,.i.1::1".lyp.. ol resrins_instrument. rhe testinq rourine, and rhernrernar rp,nnrng s)^tFms before full ad"anrage cin be Laken of Lhetest results,

Tabk 9.2. standa/d vdlu6 oJ rtusuta;0_p.M.D. and c.y. l1.y. !tunt.E s ar. siun
n vturd t;tu oJ@tut)

Cmbci atbartod fru lbat

Slubbiog 0.8

20s (29.6 lex)

40s (14.7)

60s (9 8)

r00s (5.9)

2.2
2.4

4.9
6.1

6.0
7.6

10.3
12.9

15.5
19.,3

18.0
22-+

19.0
238

21.0
26.4

3-4
4.2

3.8
4.8

2.4

5.9
74

9.+
tt.7

tt.7
14.6

t3,8
17.3

153
l9.l

7.4
9.2

12.2
15.2

14.8
I8.5

16.2
20.3

18.5
230

lD,nun f,ah uno &ann@a, \ tus?))

Lin nreg latitj
Ma'rinda^h (J. n't. INt.36, T35 \19q5)) has sh.wn rhar rhemo\l unrlorm strand of material \ah;ch our presenr machines canproduce is one in uhich the 6bre €nds are lai,ii" 

" 
*"a.- ..a..1"the slivrr,.roving,.or yarn. For such a strand of materiat rhe ir-regularrry rs gnen by rhe formula

(r0o),
4' -- +_

N J,I
. . . (s.2)
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lC.Y. Pimasd aL sid

,k-6s

I l.l
15.0

13.2
16.5

14 6
t8.2

25-6
32.0

tt'aitd ,on und shrta'& (t e57))

9s (100 r.x)

28s (32 td)

50s (18 tex)

7* (12 tex)

where v. = coEfficient or ur;ationd,$eishr 
:".::I..'.::l*inJl. ,*-lf : the average number ol hbrr

'trand,and 6bre*'iglil lrer ut 
' 
ir lenerh'I-- :.oemci€ntof\ariarion ot rhe l

rr,,,, il. o,lil"r"" no'" "'a''-"' .,r'"'" 't':T;;,'lIX;l:1:
irrrgurarity ,p.. *li'l "',P':'""' I,"iiil,l '-,:,.,.r,* ,i,. ,.,,,1
calciu)aring the limit irregutanty ano t
i-eoularitv. we hare a means or,juogrr'g rhe spinning perfot mattc"

i'"i?---'ii l.,i.,r"'ed rimit.irieeur"rirv and

Iz -- rhe actual irresulanlY
'lhen. $e Indcx of lnegularitl is 

V t

'''\q3)
l/t

Hence. a ralue of uniry for rhh rario correspJr'J'- to the limit

i*li]i"*r,-'.;. ,n' o'st Possible )arni the highir rhe value of '/ the

morc inegular the Yarn'

5.8
7.2

7.1
96

a7
l0-9

r5.2
19.0

20.7
25.9

22.1
27.6

3.8 | 76
4.7 I 9s

78 | l0o
9.7 I 125

8.9 I I1.3
r r.r I l4 L

r5.7 I 19 8

t96 | 247

9.2
tl.5

t0.l
12.6

l1.2
14.0

196
2+.5

26.6
332

284

2.9
36

60
1.5

6.8
8.5

r2-0
15.0

16.3
20.+

17.+
2l I
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.. ^For 
co(on 6bres the limjt irreqularitv formula may be redr. i.d to.4'z ..(i06,,,,Ar. ,na for wool 

-nbres.' 
6r r Z r1l,r. f frere".i_.,fnl"jIormulae attoh for rhe variarion i, rr,. ri,e., it.""iiy .i";i;;;;.;rhe var iarion in 6bre diamerer of s o.f. rt" p-rrf.i, .f _i.* 

"i,l)an equiralcnr tbrmula for blended fibre. ri^ rr*, a;r.*r"i.,i,ittornet (J. 7 dt. /,r/. 5t. 326 (t 960r r. O". _.,fr"a f,. r*a pr lal.iia.lormula of rJ (t IB.8), jVfor a 35 rex yarn. spun trom a btendor bu per(enl 56s r{oot and 40 per cenr : j*. f...yf.r.. if,. ti...iyarn rrori,d have a C.V. ot I4.3'per cenr.

, t ne rmpo_r tance ofrhe number offibrcs in rhe r rosnse, ,n shouidbr nored.+ Theligher the number the louer rhe basic l,..grt;r;;;thrs,bears o,rt rhe ucll-known lact rhar 6ne 6b.._ pr.dr..";;;;;
:::lli, r3," fo"a gi,en count rhan coarse n",.. \i;,; l;;,;;;pernaps. ' re €Uecr of 6bre fineness oni', 1,.. . .,.*"r,,'',,";,i' lii'i#'l;.:lo:i;'rl;,T:1,:'T::l
. . r,rJnce: thr "her rhe ;rrFnrlarirv ,t. l,;elr.. rL. jna_br."u[o;.
r"rF. -A poinr ki. - ^,.h.J unen ir oerom.s rmprarticabte ro. ,n finFr r";rh rhe r,."rc,idr araitabte. A 6"* 6br.. i..-;;;;,;:r. ,,rF . r.s(-s.lion. uoutd enable rhe upper Imir ,. t. ,"rfr.J "r*,c :ehcr. CJriou(ty enoush. ,t. t"._,ir. a.." "_l;.I#;;relerence ro fibre Jensth.

,-.Iil':: l:1: 
s.5. d;d 0.6 sive sers of ngures for rhe i,resurdriryrnoex ot \anous materials.

Tabl. g.1. Stahdod yolk, qf th. Insutai\ rnd,,,I,Jq Cad.d Couh

Slubbi.g

l2s {50s rex)
?4s (24..1s)
40s (i4.7s)

5

4

8

5.5

4

3.3
2.?
2.25

t2

75

553.

2.5
2.1
l8

+.3
3.2
2.7

tD{a.d l,a un{ sbdotdt Qrsr))

',rr:J91000/Cfl whFre C i! rhe (orron @unt an.t H i3 th. fibrc seishr in hili-graru p.r krrom.rre or .V = I00O /..// khere r is rtrc rq counr. "
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'rdbl g.5. St@da voltus of th' In'luladq Ind"' r'Iot Conbcd Catkn

SlubbinA 0 8 hant

203 (29 6 te,)
(h (r4.7)
60s (9 8)
l00s (5 9)

5.5

3.5

2.0

36

2.5

t.6

1.7
1.5
1.45
1.25

2.2
1.9
t.7
1.5

8

5.5

2.8

2.8
2.3
2.0
1.)

lDdi!.d f,on ua. stond r' \1957))

Tobh 9-6. St@dsd ydlus oI ttu ht'gulotiE lad'x' l'Jot Wodtd Mohiob

7.0
5.3
t.2
1-l

22.5
t5.0

1.9
t.8

lDd d ,on uld standot'* I t e 57))

Additio oJ inegulatitis ..r . ...e,ient of variar;on is uscdi
ln formula r9.2) the square or the coemr;il:.;;,;; 

abbreriared
in rhis folm ir is knohn as the 'relatrve,var E'r' 

i*, .i-i",i". i,
ro 'variance" By using the squar€s ol the

l"..li.i'"*l[rl;" "'ad 
and subtratt the irrcsula'iti€s produced€l

v^rious sraces in yarn prepararron a"d spinning- SuPPose,the

lil?i.""i? Ll;^;" oi u 'ti'c' ;' tl and it is red to a macnrne

;Li;';;d; ;,,.g,r*;'v Io n durins. processins' Lct I/ be the

iilili;J,*r ""'ti;" ot rh' p'o'e"'d srirer' Using the 'quares 
ot

rhe coefficieits, yr::7lr+V,z ...(9.4)

v,'rrare I/, is rhe. coeffi cicnt o' :Tll':l:illee :l*i',x:tJl;ll;
Hence. bv knowing the value ot anyfl"o
;:i;i; ;i,il: ;;i:".r" *i lo'-1 1 I:I ::iil;: ;::l5"i,iriTl:
*hich normallv delivers a Product \!nose.

:i;;;"i;;;i-'*. to li. rhis c-our.d ind;'::'.lT,i,Tlfi;::i
fault has developed in the machrne \^'r

variation.
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Rtdution of in.$tarity b doubtin,
One of thc objecu of ioutt;nq'; to ,..**.ffi mli#.**r,iihFiri}; #j;..rstrancts rs grven by

C.V. of 4oubled strands :
C.V. of individuats

#?fy 
d."bli"s t*" rovinss, tbe coefrci€nt o#iriation is aivided

, In practice. when slivers and rovings are doubled rhey are usualt,
fr "J;X#,.,'iitT:Il":;:f#:::;::3,,e";iil"Hii#Til:
on wherher $e redUcti., ;;;;;;;;;i;,s"1".,,, varue $ hich deprnds
due lo drafring. -"' " "wuuurrg rs Sreater rhan the inerease

'ytii:$1i,:;';::(:"!:'::#,5:ix'"Y;;i:!,1'.i,*,,'"*u,'
;J;il:,'I,':i':',::;'['.ii'i#oi;";"' c n' -ii]wi*Liia'
identr'cal irregurariry'v,i,;; ;, "bJil,:"" sampres or varn havino
6t ro be used-ror rheia#;;;il::'" "ominallv similar 1arns. borf,

-^-rne 
coericrent ofvaridr;on indicated on the meters ofan even_ness tesrer is a measure orthe ovemir +*guiarii. ii;;;l.";":J;li;tnat one. yarn 

.Nill have a relativeiy Iarqe amount of short termrrregri ra',ry and not very much long rerm irresrl.il,r, *ir;i;;*il,;Jy_arn \4irl have rhe reiari,e amounjsof shorr,and i;;;i;i;#:,anty rewrsed. The ovFratj irregutarirv in 
"._, of,r,. _#.i..i"C

Xanatron 
may be the same toi borh'varns. frrr,f,..f*.i".r#

:Hl,Tll,ll:ff ';' $Il#"l.T.l-",,TJ;j:,i r"-" u. a.'l;ilij i,i
r Lons'oer a tong length, f vd. ofa v,r
l:Ly ,*:. ." ,r,i", i, iig,'^ si;: i:i',il'"*.:flffi;.::1i
Ii,lii:llii"tf i'ior berrer srirr. square this 

'arue 
,,J i.lir.

_ Now, cons;der the leirsth ofvarn divid

Iy"fl:H+irit s fu;#i;'r*.:.;:i.T:fi i:: :i :iand th€ coefEcienr of variarion .f ,he ;ra;uir.i 
".I"t ir.irl-:4,9,.d. ThL coefficient is refened to as ;;;.;"";;;;;;\-znation b...tw..n I ydtensrtu and is eiven rhe.y-U"r 
-CAjif, 

ir,.corresponding square. i.e-. the variaire, l* ,r,. 
"y,"r"r )iiil...-
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(2) The coemcient.or. lariation-or rach indi*::l'Il-J.l;k:
determined and thr mean.coemcrli 

J;,1,.r'ila i..grt'". rrl.
Thk gives the coeficient ol '/arrauor
.'"-uiir", ir,r i' c v fl), and for thr square l/(l)' Thur'

B(l\ is the rarian"e brlurrrn lengths

t'1i, ; ,r'. 'o'iun" 'it'[in 
lcngths

The total v.ri.n.e, 7(7), is the sum of these two quantities:
' 'vG)-Il(4+B(l) "'(e'5)

:

v\r)

B\l)

0

Fiet g'8' Tdisr'-kngth 'Md

,,i;:i::;iJfi .:::li"T.'.Ti"d[:l,fi:ffi ;:;;li"l;tt

l;,*$Tti;E^'!*;;i*n::'li#;km'x;
I*""iL:n',' at the orisin beca,se uirh zero lensth there 

-can;:'il;;",;l wjth jncrieases 
'" fl";Xi:(;iil|f;ff. +T:

i:ffJ,i:'lf ilil'J:ixl.i,lli'r'#ffi ';L'i'abi'ometone.'i.I"f; ,ii''"1a"4r.,s'l'.b'..,"ou*o"*i'*l1tt5ffil";tll:

*r*,mil$lii l*t:,fl#ltr,*n+'t
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Tlu B(l) anc

lI.-rfO -. v(T\ 
_-..y.k, it ro ows thar rhe B1t) curve wilt be amrrror rma-ge ot rhe I/(1) curve. Thus. ifthe t.,.f ,_;.;., i.-t"i*"ancl,onc of rhe variance .length cur.r'es obta;ned, ,h;;";.;; .;;,:can be readily constructed_

hktpt.tation ofV(t) and B(t) d )es
supPose.t!!o 1arns. A and B. had rhe same rolal variador andthat th€ir respecrive var;ance -lenEh curves were obtained fseeirgure 9.c). lr rril.be seen that th: yt) _*. ,b.;-;;';iJi;rxes more steepty rhan rhe cur'e r.. 

".;" s. r;,,i1, *.'jJ;:l
llll1'^:l 1 F ^":.:hor t term irresrirarity ,h.. y,* B. l,i,h;,';;:

tor lonq rerm r.ariation. yarn B has a grearcroegree ol this ,ype otirreeular itv rhan v,rn A. fy 
",ray_g ,h3"ffiol the variance_len$h curue it become r

tion or rhe charact.'. of ,;; ;;;t;i;';;,fl";:i:li:T::#i:::,i;
dr.re^c^oul:e, short rerm and rong rerm variario," hu". diri..";;.fL.,.on crotn appearance.

vlr) vtrt

v\L)

rie"/.9.9. Conpanson oJ\,(t) od B(t) crtusfot tu)aN uith,qut tattt ..tiati y(T)

_ 
The use of^.rariance-lengrh .unej is ob\iously a grear help in rheassessment of irregutarir), bur the difficutries ;.Gt;il ;i;' t:coEtm.rion.of rhe .urves prFvenrs ,r,"_ r,._ t.;"e ^"." ,;ia.ii

.used^in 
mrrr ra,rorarories. rown"end rt r_. j*i nii pi"o rirjliiisuggests that Jor research purposes the quicLe,, -.,h"d "f.ii"iri;;rr,e curvesis ro use.a combination ofa conlinrous irr"gulariry testeiano.a .,uttrng and ireighing merhod. The i.",.,,ne..i ;-il;;;oorarn rre average \atue of C.y.(5 ya,. e "r-U.r.is yJ ffif,.iserecredat random. are conditioned lni weigr..a 

""a-d,.,c.slifyija {alcutared. Tllese 
.ru.o vatues are then used r. ..r.,r.ii ir,lL. /. ( .r ),value..Then, b) vaq.ing 1, rhe C.r. (/) f.. , .."C. .?/ ,.fr;

fil"?.";l?iili"'.T.iil€;oeTeilf njrnc c'l' trr ""r'&' *r"r"iJ
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rhc use.of variance-r.T'l :lT::T::lTii3 :il*;:11
illustrated in Lund's PaPer on the comPz

..i"nlopl" va:nt 'p'i" 
bn difrerent spinning sysrcns (J' T'.ltt'.Inst'

ri Trqq /1q52\).'Other rnethods o, anallsing irreqularity $ill be

ii*,..J Jr.." ,ii" ".rious 
testing instruments and the trace Pro-

duced by rhem are dtscribed'

METt{oDs or MDAsuRtNc AND AssEssrNo lRREcutaRlrYt

The cost ofthe equiPment uscd in the m"qtrrement of irregularity

#i l""i'r'.i, "l,.r;-s 
to dl 'oo0 

or so The cheapest and quickest

-Il"'^l ?^. -"- * r.^i. is io mate a visual cxamination by looking

IT f;;'rf,*;;il;";otrthe pacr'"' trv trand At the other

^.---'.- hi-hlv eomolicatcd etecrontc tpio'at's -ay be used A

:fl:'i::; ii:i:;.#'fi,-*".i'-.,r'"a' "iiit'bre 
is s;ven hcre rhe

il;I'";il;''iH;q'!*.'i i*t."**u suirabre ror ,se in mirr

i,'il;,;;;. ;-;.. *iensive list is siven bv Matthew et al fJ ftlr'
i#;i. 

.rft 
iit*)iilan appendi to a review of t€stins merhods'

' i:r',,i;,,i,i. si^,r;i*ards, diums, photographic dwices pmjection'

nrri.rnins oredictor, lap meter'

';;,;;;;frL;;;;;',;,;i' iap scares, rap maers' sriver t€sts' hank

*[pii^g,.*":,.. ".'i"'t','''P1-::"]'\$TR.A. roving reverness
Vninlion ;n lhikn st @dd t,mpr'sr@n'

t^rer. LINRA roller yarn diamcter testcr''itii*a" 
"oo*i"*" 

ui-t Fielden-Walker' U*er'
Fiii,li;;;;;*:I'i A photoer'ct'ic tester' LINRA resrer''n_l:*::^f;"t';,^#i.ffi .ifi 

,i,'il^":'J:iljii'I.,n."'o,,

::i;i:li"',rh:*"lt: lffi ;"fj':::iH :[.'iln il ,;.'ffi ;
;:::L:[i;.;;;i...g"iu;rv' rn;'o'cept shourd.be borne

lI ;;T;,hllilfu; oi *-'asu' i n g i"eg"r u'i tv are considered'

\ IS( AL EXAMINATON

yarns can be examine'd b- wraPPing them on to a matt black sur-

;::"ffi';.;.";; Rat to'aid. 
"rhe wraps should be equalrv

;;il; ;td'.;;"r ili'rsions or irreg,laritv and.rhe blackboards

iIJ..a ""J1. i..a lighting conditions some mills usc a sPc'rar

iI-," * ^ial-r"? 
ur.clioari examination' The lighting svstem is

iXi,'J ij-i.i'rJ; tndirect illumination giving unirorm non-

fsc aLo B.S. Handboot No ' ll'P' 122 R'ldt on M'Bw'tu of r" In'dan' oI

llidr' f@! at l Rt,in!'

Prin, of Texlile -31
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d irectional Ii8ht. ptus ar:angemrnr! io give edge lighring in older io
:1::I M1i" faut6 su(h as nep iiro grearei prominen"e. 4parlr.urar mrtt may set uD its.h.n \t,ndar;. ofjudg"nqnl, bLrl i.
lli"y.f;."^ .:i:"1 

s-1.M.'has a series of.co,,;;,yJ, A;;;:;;JBro ns \1nrch^are photograprrs of different .ounr"-*irh rh.
l{lp:1..".: crassrned ,n laur grades. The test yarn is wound on au,acxooaro approxrmarety 9a in. \ 5l in. wirh rhc correcr sha.in,ano,(^mpffcd djreclly wirh rhe conesponding standard. 

.

i he DlackLoard $ rapping machines may wrap one yarn ar a rime
i.-plll3-l ll" fl*: ?ne. 

on eac h harfofrhe boi.a, r"i .ornpu.i"on.nn.c\rensron ot the biackbnard is rhe wrapping drum, a ctl;nderlrith.a matt black surface. fhe s;ze of the jrim'vil;;; ;i;;;;casr being a larg-e drum capable ofarcommodarine a comolete con
..,srorase and.li,ing of blackboa,ds is impracricible. i[.-Vr,"i-ryrnocr, a uurch insrrumenl rnat ker..t hy DikLers oI Hengetn. Hol_iand,. is an insrrumcnt which produces a conract orinr of rhe .,,"on a black ba.kgmund 

";Ll, tt." 1a." s;ff,"".rr. i; ;;l;;. ih;ri;;Lay Dc conretuenlty slored or ienl through (he post.
rcrrod,c \arralions jn rhe varn mav o

th. br".rb.,, ;.1;;r.; ;:, J,::l"r.J,.tt" Hff :,li:lfi X'":lon a lapered board. The ,,prical effrct is almosL lite'tl,e graln';nuood, Figure 9.t0 shol.J rh;s effrcl. ar rhe point wl,..e the-perl oi
:}:f.,i:.fi 

*.*. rhe board heish{ is a m,i,;pr. "i*.r'',,ffi*

srord he,qhr,s o mutr Dr.
ol loulr pe' :J. ry
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K't#y"ml:K,I:f'il o*" r17 orthe BS Handbook'

r,!i#rgl+',"ii .,1""."'HiffiflT*r','"i'*:;

r*giri,*;*",1'::.:ll^,*r"u:{}iiii:{ri".*:
*kI"'i:::[T.1tifl :'J::'.1;:'n:x.'ff;'t"f:9:ii,'*!9?
i'J i i.."**.,iila ,loi the sa-e person alwavs carri€s out such

te5ll in the laborarcry'

'*^f [lTr,:iT 
j3:li].]l:ir:]::ffi ;;:'i.f;,1]F'!ii

:i1il H$fi,i,.; ih' Iup" p"'ug' f'o'. r'he tap horder to the

<Bt ast4, i! t{ti d*- Dt)

figw. g-l I . TL Whiut*d ln! tukr
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:?1" p"n_ u strip.lamp behind rhc sheet of material allows theopmtor to examine visuaily the general uniformjfu of rhe'1".-uerec.rve operatron ot the lap_tbrming mer anism irn .rr.. tti.dhtritrution of the rnaterial across rhe la"p to b. r;;;;;;;il.t:readily seen. Experience wirh a lap mirer.rrbl". t orbi;..;J;;choked chimneys, wrongly adjustj damp.r., .t"., ro t. 
"potiiJ.

CUTTINO AND WEICHING METHODS

Thc variation in the number of fibres in a cross-secti@ ofa varn iaassociared with the variation in the weishr il;;;, i;;*,l'. fi;;:fore, measurement of the latter is a sound and _-ri."fr -*.imerhod of assessing i*eguta,ity. Bero,. .onsidJ;;;;it:;;t: fr::structurcs, i.e. yarns, rovins. and sliversuggcsted. - t' a look at the scutcher taP is

La! wishkg
It is- normal blowrng room practice to weigh each Iap made on thennxacr scutcher, the .el lengrh' in tti. "^. Ua"g ifr" f.p f""Jlr orerance on cach sidc. of thc nominal lap *.igh"t, .f*i ;i;:;;
il1:. o *,.1" alowed and laps whose *e;gt i 

"rc o,rtsid; d;
jlTj1 -T 

q*l"dt The er(perienced scutch.r o!.rat.. *"r"r,o il"rrend ot succ6si\,! lap weightt, and by machinc iai*m*,, .*""..an cxc€ssivc number of rcjcct. By contmt oftl. Lp +agl. i" tiiiwayrhc lap,to-tap weighr;riatio; i! Lcpt withn f"i_*. -f. . _iJgl:rcn nc adJustrnent can have the oppositc effect. Thc moctrre lnthe mrtcrial ihould be takcn into acco'unt. It is p"*ibl. f.;;;;;to havc diff€rent weights even though ,t . ..iri -ii., _'irr".ITthc satn-c, I hc d iffcrence behg duc ro"the di ffer*". i. ,h;i;^;;;;conlcnte Unnccessary-rnachine adjustment m"y r"sult [,om ;;;;

iijlE-iff :,ffi l;;#f :,nlm*n*:tHxxn:Jti
i]i:yl ll irurrument which_indi"to tt. _ott ... i.fJ1-n'tiiraps may bc.uscd. One such device ig thc.Shirley, moistre rJn
111li* .fF. 

tpu- 9.12). Tllis consists of a "-.irr*-u"ii._.#jDaancc wfirctr carr.lc! a prepared cotloD samplc. As thc humiditi "fthe. atraosphcnc \,urica thc moisturc rcgain of tlrc ;*^-.;Jvarics. Tbc resulting drangc in weight i!"i[dic.t.d. ; ;"'; ;"#;
il-..l,. I -o"tu." rcgain,. by a pointcr moving ** i ."rf. .iii-orated,,, pcrccnlagr rcgain. A ruitabtc rangc oi 

""r""r_;.igh;,;tc ulcd on thc lap scales can be selected, ea& 
"n. "o-..p";;i;;;an indicaled rcgain, Thc rcgain indicator will 
".r_"lly il;;;;"t;
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in the blowing room, where there is a free air circulation' in a

#l:. #itm{rf f i:m* lr*:.';:lx :}::x.:"'.

Fisu. s.t2- 'rh;'sh d tu""")!l'i^"'#J-''r^'

ili"l"#;*r", weisht variation is onlv onc aspect of-.lap weight

il:d::L',Lt'H;;rt*r:t.l*i:fi:*J"iiTiliL
**fliiiru E]{}*:}jHf#ir#- ".k'T:

lih:i:#;I,.;;n-v fa,rtv raps havc 8;ne $roush into thc

suL;tqucnt Processe.
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_Thc 'Whittaker, lap m€ter is a comparatively sit ,ple machine
$hich automatically unrols rhe lap, br;.k, .tr. I 

"di.r;ih. 
;;J

cleposrts rt rnto rhe pan ofa scale rvhos_ dial is calibra:. I iriounccs.
The !,re;ghrs. arc recorded and plorred on a special ,;; ,ir-;
together wilh all lhe relevant detajls. F,gure 9,13 sho_s a r.co.d
taken from a lap madc in a condenser spiniing -ilt ",,fr* 

ifr. 
"rif,.r-uas asked to loot at the blowing room. Inc-idenrallv. tlr.6;i'l;;

tesred provcd to bc 39 yd long, 4 yd longer tlan the nominal 3d.'.lhis statc of affain had apparently becn unt ro"., f". ut i.urt
lU years.

The bene6cial effed! ofa survey of rlle blowing room and rhc
sett,ng up ol a s,stcm of control L well ilhstrated in a na-", h_
Vaswani (J. Tcxr. Inst. $i, pl6 (t954)). After t],e i",."dr;iJ; "i;quallty control based on the rcsult! of a critical investigation of ablowing roomr the card rooE, spinning room, and waroins oer_
lormances \rerc studied and compared with rheir perform-alces
DElore lhc conrrol system lra3 operatd. At cvrry 

"rage 
there ., rs amarked tmProvement, e.g.

50 per cent reduction in the numb€! oflalx orisidc B oz limits.
88 per cent reduction in thc rlumber ofsc-urrhcr adjrrt-e;;. '
Draw frame pinion changes iduced from 9 per mJntt pe. -a"t ireto l.
Ring.spinning breaks/100 spindle houn rcduccd by approximarely

35 per c€nt.

Xarping 
production incrca:ed by approximately I I per cent.(Jl coursc, not all mills will have thc same amount of room forimp,rovemen(, but lhc importancc of lap rcgularity i! obviorrs. 

'

. Not all te.hnologhts subscribe to rhJviei thatihe vard_to-varrt
rrregularity (or, for that matter. the inch+o_jnch irisularitJr in
scutcher laps 

-is 
of much importance. It is suggesre; that ilhe

rmporraJlee. of short rerm regutarity wirhirr 1..!i can le orf._emplasised'and rhat,afier t\to passages of driwins. the slive"
Froduced lrom a-regular Iap will be no berter in long teim variarion
I han that lrom a lap showing + 50 per cenr yard-by-1'ard irregulariry(Nrttfr. 

-7.rt Manuf. p.4n4 /?ug., tgSB);,
Iven if disagreement exists ietween 'rechnologists 

about rhe
relativ-e imporrancc ofshorr term Iap weight vo.;ati"is. it is scrr...Ii,
agreed tiat Iong term variations are olpeat imoonarr.".-S, t.ri(erm we mean, for erramplc, variation3 ir, the uve"agc tup i"eigti
betw_cen shifo or halfdays. It is advisable ro int-duc'. 

" *,"a i^.
werght control systcm in thc blo*.ing.,com in order ro redocc th'e
amount ol corrcctive action necessary in the card rcom at thc draw
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frames. Checkhg in thc blowing room is conliruous since every lap

iii,?l"r,Ji.-*r'.".^ tt,'e d'a* f'"ames -nv ""lv he rhecked tt'ice or

lii"'.i;ri.i 
" 
iit -J rn the interval bet*een checks faultv material

may be Produced.

TI
I
I

r t sua e t 3. radbt rdd tatt dieh,;1?,,$,;: t*tl!;i;frff 1::A'i:;t::'r.W
i i|iiirt t;:.,d "u i* tigr'r' tta t*;araa ua e'rd u 04)

il;';;;tli.";;:;",. quaritv controt.slstems in the card room or in

lhc Droce.scs pteparatory to sPrnnrns lhe hank of a material is

.r'.i.i .i-*i.rri.a inrJ*ats Lv m€asur;nq off a trst lensth and

$eiehinq it o; an accurate balance' Control charts may be emprotco

;"':i;;[';;';;;;.;; machine adjustmer'ts ro be made rhe rest

il#Ll,.i* r..* *"ihine to machine, for ins(ance' the rihbon lap

;l:;rJ;;;;;;;; i va r.'g'r,' the draw rrame 3 vd' and the

.",t;;;; io rt. rr".* reira'ks 'erer 
to the coiton (P;nnins

:::;";;;;;;.';'her svstems "r spin"ing suctr as.r'lo"ncn and

.i"*t"a. co"aen.e., "t 
flax sitl hare their onn Parti'ul:rr te't po"r$

"J",Ii1.,.r,.'ir.. basic princ;ple remains the "ame' 
a given

i;il:;i #;.i i;,"eighei and' comParrd 
^asai 

nst a nominar

*eiul-t and tolerance limit, action bting laken rl rcqurreo. . ,.
r"h. methods ofrat'rng lhe samPlF from the va'ous machrnes $rrr

,,;J;;rt;;;; ""-;i"3 
*iii tr,i-i""r'a' or mrasurins out the
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Nuhb$ or efds oarosr (ord t.o6 t.r! to right
Fieq. 9.U. En t-taq,: &didttt, @A 4 @ion.otutdsd ..ttt

.Th. a.clhlc Lnglll tu.auring d.vi.d of ll-rr.tr E.JlihB @! r. u.d. A futltu or draw,iahc slivq may b. w.ish.d ed dn
trot tE.d oo rhi! rButt. : dftilion to Lhang. piDjou or

476

required le^ngrh.*- The guiding principles in all cases should beaccuracy or renglh. ac.uracy in weighing. and a nore taken of the
motsrure regatn ot the samDIe.

, For research pr.por., .tir.., and rovings may be ctrt into short
rengrns by means.ot spec;al lemplares or fotding rhe materjal into
mar-keo paper and ( u(in8 lhrough lhe paper an-d rhe material, butiucn mtlhods are nor normally used in mill rourines.An rnteresrrng srudy of.roving variation is found when rheprooucrs or the condenser card ar€ examined. The hank of therov,ngs varies a(r^\i ihe card,, the pertem ofrt.,a"htio,, b.irn
remarkably persisrent for a parri.utar card. This type ofvariarion idrscussed.rn rhe W.I.R.A. book Tcrtine and Coniit in coonecriottrl h woouen cards. F;gurc 9.14 shows a picture of rhe .rariarion
across a ring doffer condenscr card i" a eoiOn conder"e. spi.rni.,gplant.. The result of such variation is much .bobbin+o-iobbini
variarion ber ause rhere is no chance ofa reduction bv doublins: rhe
card roving is merely given a very Jow draft ard ,"-J;;;;;;;;
by the condenser mule or rins frame.

Most of the pre,.ding remarla have been concemed with rhe
Dpr or.cuttrnq and \e;ghing melhods used for control ouroosesrather than lor rhe invesrigation ot stiver and ,ovine irresuLrir"
arong lhe strand. and the measurement of the coeffic,ins oi,"";,'_

!
6C
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Mean wcight x 3 03
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lion, In general, compresuon or clectronic mctho& arc to be Pre-

feffed for such inveshgahons'

fails

i*:'l*: :i tll"i::','":I,i",'tr"::1"J is'6i'*'#'r!i
lll,l'il1.r, *'lrpJ"; a reel ind is then wcigh€d rh€ esrimates-oJ

ir'.J-l'.y *ririn are made from a s(ries of count tests Prolrde a

,."i."iti&".. .r.r,. varn variation' bui more refined methods are

?..'i'.a"i"' tf'. a""it;d studv ofvarn ir.'mrlariw'
"V;;;-i.;-,h c""'" ha'e b'en discused ear)ier in this

' 
*'-l ii- lirir '"*" "'n be obtained bv cutting short len$hs of

;::Ili:'il';,'.'in; ;;* -:,1:.t.,ilj,,.,J'ij';.5.'lf Jl",:
iorsion balance, The sPecimen l€ngth rs

ii. "...""." '.fr* 
.f'a(I) for plotring ihe curve These techniques

Iil ii. ti., r"' *'u p"rpose' b't a" uted in research' Tle reader

llrir'i"i'.....-I .rir,c'work donetv several tcchnologisB in this

;:il"il;il ;;i.'.^.es (rownsend, Martindale' Grosberg and

i;;l;;. A;.^.,' caveniv Foster and Gregory)'
'"tr.. gll. H-at".k describes tlvo methods of mexuring varn
,*l-i.ii, r.J,,*." I in. lengt]'s. The firsr method i"'used when

r,:ilfi iL"J..:,H jf .;i_:r:""",53:;:i.J:,#"il:,iJ:l
:11'JHxll'iX:ffi rffi 

"TTi"":fl.'i,#;".iii."'rp"r'"'iail'.iii"r-ii.%.*i; at least 200 transverse threads' Forceps are

.--A r^.wr',.r th€ threads onc at a trme and to Place them on the

H'H;;.J"t;;L i*o hund'ed reudi"6;s are made and rrom

.L-- 1L. i-"-,la.itv calculated.
"U;''"X';::#d *'v il" *r.a bv knottins togethcr 

'pieces 
of

"#;ffi iti; i;l.ngth, talen at random intirvals of a{out 2 vd'

6iJ iiii","il.inii ;'io,l"d on ro a rod whose circum*rence is

i i". e -l*. "f'* 
,r'e rod enables a razor blade 1o slice thc vam

t#',if:;;,;;;*lvet pad Plac€d asainst the underside of the

'J;;i;.*,LJ lengrhs in position 6r 'as' 
or handling' Tbe

;;dl"e;;J;;;"n is sirnilar to thc fint mcthod:

tl\ Crlculate the mean weight from the 2@ rcadings'

);{ A:ili; ;; ;;.a"g-c r'o- thc ra"ge" in srouP's or 10'

ili ir," p.."*,ug" it'egularitv ir givcn bv

x lo0
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\rARIATTON IN TTIICKNESS U\DER COMPRPSSION

Suppose a sliver or other relatively soft strand ofmaterial is con6nedin a recrangular groove, G, Figur; 9.t5. .nd .._pr.rr"; ;";';;r::fitling loaded sho€, S. The heilht, ,t, of the com;;;;;t;;ijiii';
proporlroruu lo the nurnber offibres in the cros*ection. By takine;series of me-asuremenls of, ar points alonS the.li".., th; #.J;;i;can bc d€termined. The principre is usedln a.d;;ii;A;i;i;i
test€rs. Strictly speaking, the height measured is not lhe hFi,hr ^a.cross-sectron ol zero lengrh but the mean teigtt of " uei stroiIength, somewle,: !n thi region of abour O.Os'in. icr-.;il.';:
9. 

t9 *;. tu. stiven. (rn passiig, ir i. *..trr ;;ti"; ;;, ;;'E#:
1i!1: o-,*...- ,Oo-rtus !se! a groove and l.uae; 

"},o" 
to .Uil"-umeasurement proportional to rhe number ofnU."s at p"inr, aione a-prep-ared tuft of corton.) The rhickaess of the sli";;;;;;';;;'.".;

?j 9lt.:ll *.*f a*s rhe strand, i.e-in a non-conrinuous manner.rnoeed, somc rnstruments operate in this way bur the tenaen.yGai
rs to demand a continuous record from the tesring irutrument so thaitie trace may be analysed for possible p..i"dh- 

"..i;;;,';;.;;excelJent- example of a moderir irreguia ty ,*r.. U*j ". ini
i.*HI,il.::::,,j1: has been deveriped tiy ,r,. w.Ji,,a,,,.rt

s

.-=.--

Esq.9.I5. C/@,. qd u pthcilh).

--The W.I.R,A. roving levelness restar. manufactured by Mes$!.H- A. Galdon and Co.-Ltd, uses a pair of marcfrea -ir_j ;"',iT.l.
oI a rued groove and shoc, A line diagram, Figurc 9.16, shaw:-th;main fe-atures oflhc instrument. Thc irotor-driven lower ro e Rnas a rectangutar groove inro which the cenually poStio"ed nunet

ii.i{i.'i.:!"lltn.t'#;,f *:Il*.;eHti:,i:{n*tl
rhc variation in the thickncss of the rested mat.;ti;;;;;iiJ
magni6cd, the finat mor.cment beim ii,en to $";;;;;il;:".-ilorocr to accommodatc different rypca of maler;al, *".."i;"ir. ;i
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Figut,9.16. W t tt A' tootng kadn'ss t"m \ru' a t4&)

"^ll.R a.e available with sroove !'idths of + in'' { in 
' } in ' and

ii". n .iairi". to Lhis, 
-the magnification of the lever svstem ts

I"ili""nr.. i'r,,.. J" 
".,i 

*ou"-f,,t -" be from 20 to 400 iimes

l#iH;::iJ ffi ;.;,li.Jii i. -*ia.'"a,hat a pen oscirrationor

;i:i;i;i;. ; ;*il ror the production or a rrace \hirh can be

;;"d;:i:";..;;;;,r" ii".t..i c'." $hich the tracc is drasn' is

'Jiiil;;;'th"'l;;". 
'ar* "i' a searbox wbich enabres the

i,'"i.".i,i'1,*i 'r*a rutio to b" 
''u'ieJ "o 

that I in of chart mav

represent from 2 in. to 100 in ofmaterral'

Th, irr.lulalitt lruc.
iiJ"*'"g. 

'i 
ir."*" 

'r," 
t.ace of a samplc ot dra*{rame sliver' The

l.-"ili *- r'* i' '.Cri" .t'un', r"t ;n 't'' 
initial setr;ns uP of the

W.1.R..4. tuaing ksln*s t Lr lnot to {ab)

Fi g-17. In.zulril ttu. of d'alrtd@ "littt klt'd
' -" '" ; ti, W.i.R..t. 6nttnion't)F in trott



tester the position ofthe zero line relative to the chart zero is notedfrom the insrrumenr seu;nqs. rr woutd be poseibte i" a.,i"i-ii.coefficienr.of variarion L; iea.uring r,_. t "igf,, .f rfr. -f,.ri-.i irals:. numli of poinrs and ca.ryin! out ,r,. *,^lu,,;"i-;J l)[cxratron. thrs merhod. although suund and ;" ,r.a, i. ,arie.raoonous, and so advanra.,F is talen 
^trhe fact rhat as a general rulelhe variarions in rhicknex"folorv a normat disrribution.

Th. u'. oJ fiababitity babet
The irregularity. riace'shorr n in figure 9.t7 is recorded on chart
llp1,ni"lic thirry.divisions. each division i,0 in. wide. rr wix;;sefn lhat the. tra(e is cenrred approximat.ly in the fifreenrh Iine.
r he standard deviation and .oemcienr uf varialion .on U a.re._mined by carrying our the tollowing procedure:
Step l. Make_ a rough estimate olrhe mean chart height.

Line 15 is chos€o herc.

Step 2. Selecr 1wo tlnes on each side ofrhis mean.
Lines I8, 16, 14, and t2 are seticted herc.

Step 3. Sumthe distances a,r,r, etc., u.hich lie atong rhe-uppertinc.
Figure 9. t B shows how rhis is done Uy ,.ing tt,.,.in. oi.piece ofptain paper and mar king otr rire tenirh;;, ,,?;;-
so rhlar rhey add. rt,emsehes up, so ,. "p."liffr.* i.irg-fli
are those aror. $ hich I he rrace proje.rs.

Srep 4. Record- the sum of rhe tengths in a su;rable TaUl€ fseeraDle 9./). tor jine IB Lhe sum rras 0.8a in

4Bo PRINCIPLES OF TEXTTLE TESTIN T

Fiew.9.18. E @ oJ iu ./s. d a ,h.d r! t hA pard to ,@ ttt th. dilana, a, b, ., .k.
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Tobb 9.7. Th, Us. of Plobdbilit Pa!,

NoE P.rc. rs6 b8'd on 7 ia rh' torl u'ry hnslh'' - t{rtn Hm[q'vnu6 pLrEdrorlosrh 'b\'l-in; l8 .od 16

- tmP'rc'D'

steD 5. RcDeat Steps 3 and 4 for the other lines'
"*' -- 

i.i;;;.r.fr:uv that for the lines below the mean' the

lcngrhs arc those 6zlo:o which the rrac€ Projects'

st.n 6- ComDlete thc Table as indicated. basing percmtagc vdues*"' - ;;i;l;; of th€ trace examined. In this example onlv

i i". "]."3. 
i".--i"ed, equ;valent to onlv 70 in ofsliver;

in ptu"tl"., " fo"gel Lngtlr- of chart would bo analysed to

give better samPlirg.

steD 7. PreDare a sheeL of probability paper by lnarling off t}|e
' ,*ii."t scalc to cover thc rang€ corresPondrng to-the

selectcd line3 (fisurc 919)' Here thc scale is marked ott

i""--ii. ii. ir,i mzontal scale is speciallv graduated in

perccntages witb a non-linear scale'

steD B. Plot the lenFth percenhge values orl lhe selecred lines'
' using thc lower horizontal scalc'

Step 9. Drah, the b€st stt'aight linc through thc Plottcd Points'

SteD tO. From the smight line nole the ordinalrs of the values 50
""t '"'".. *"i. rlg i.' .."t, -a e+ r Per cenl-tn ihis rxample

ir'" ora;n"to uie 14'72,11 95, and 17'47'

SteD t l. Thostandard deviation is given by the diff€renc€ bclu'een
'*" " t;:*d;i;; ii s p" "Jt values dividcd bv 2' In this

examPlc:

17 47 - ll'95
5r"'16."4 6.';6o" 

- 

: 2'76
2

48r
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Step

PRINCIPLES OF TEXTILE TES'TINO

12. Determine rhe lrue mean .hart heighl. The mean irace
herght on the chart paper is the ordina(e.orrcsponding to
the 50 per.ent !alue. To rhis musi be added the amor.t 1,,
trhirh rhe true zer. has lleen shifred lhen rhe or""".1
tester is inilially set ro test the sample. Testing machine
constants and settings enabte the zero shift to beialcutated
simply. In thb example the mean trace height is 14.72 and
the calculated zero shift *as 32 (i.e. 32 dir.isions). Thus, the
true mean chart height;s 14.72 + 32 : 46.j2,

6

3

F

,6

--€
8--
l! oi
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The coefficient ofvariltion is calculated:

Standard deviation

M.C.H. :

483

Step 13.

c.v. : x 100 per cent
\{€an cha he;sht

In our cxamP)e,

216
C.V. : 

- 

x 100:5.9percent
+6.72

This procedure does, at 6r'l readinB. aPPear to he lengthy' bul in
nractni a rcsult ran be oblained in l0minorso lt must D€ noted

it.,r,h. ^.thoa 
i..."ll; Lascd upon rhe assumpl;on rbat the varia'

tions about thf mean ar e random and form a normal drstrrbulron; r'

strong periodical variarions exist, the d;tribution is no longer

norm;l;nd this m€thod must not be emPloted'

The alttanatic conqukt
i!e" " nh the uie of probabilit,r' paper, the time taken to Nork out

tr'.- ...r,1* inuv bc .ontidered too iorig. Thcrefore, a method ofauto-
i, (omoutari^n lra. h,en "Jded r'' rlr" \\'l R'A mathine' The

orrpo..,,frh. (.,rnpulcr is tu mea5ute the height oflhe lra'e.ata
i',"i,.a *,*rrt soi, crt inrer"al' alonq tht 

' 
hart as rhe marerial is

,un.;ne ,tiougt' ih" rc*"r' Th" are fed ro a unit

'J;.i, ir"*,,";"^rry r..r,dlcs the dara and h-rrnirhes quantir ie" u hich

enable the coemcie"t ofvariation to be calculited quickly'- 
il'" rr.inr,t mca:Lrrer<ntr are mad' 1," a unii consisring of a

L;.; ;;.i;;,h"-p.'l.* *r,i.r, -o'." o*.. a bank' orthirlv
contacts insulated from each other (Figlrre 9 20) 'Io each 

'ontact 
a

'm. moly r.lay i' eonn(( ied. Ilre )'la\ ( Lcine h"6'd in rhe seParale

..-"",- ',"ii. \Vhcn rhe machine is runninq. a mi"rossitrh is

"""'-.a f," a c,m ar approximat'lv 2 (e' inlrr\als Ar rhe instanr

rri.i it...;'.-'" i,.r' ;. i)"'"d currelt florrs rhroush rhe hru'h and

itrror,,,lh the ront.rcr qhich rhe bru'h is louchinq ar rhal momenl'

rhus e-nercisinq the corresponding relay''i; 
ii,.. 'i . . .. t^ arc rhi values of a hcights orcrdinates

-;";,'.J;;;;, ,,tii;,.v ,.'. rrhich is a disrance 'r'abore the

true zero, then fie mean chart height is given bv

':,r+-



T ES',rI n" O

,-_D_::l! :f.,h.. -.i.-it are destibed in a papcr
:l.squr.nent -to- 

Mcasurc and Compure rhe'Mean

il.lTril#il.*"ation6 or a Rccordins Arm'

484 PRrNcrpLEs o! TExrlLE
and the standard deviation is given by

()"
Tht compuring.unil dtplays rhe quanririe",. \-r. and :), i,, .hank
unir5', i.e. lhe disran(e lrom onc ronra, r ro t\.'nc"t.

-^It-wrll 
b€ sren.(hal,because-of rh. g"om.trr of rlr" pcn arm -hru.h .

l:r:'.-sl1:Tt.oie.:bank unir'of measur ement is di.". iry reratea ro rh.unrts rn whrch the a.rual charr is mea,ured.;.e. r."itr. ofa. in.l.T}le e\act retarionship is derermined fur carh maLhine and in_corporatfd rnro rhe arithmetic of the .al.uldt:^n of rle coefficientof variation.

, The coemcientofvariarion obtained by th;s merhod ofresrins witloe a measure ot (he variation L ith;n lhe lengrh ofmalerial test;d.

by Hogley lar"-
and Standard

(i.sllotion showi i. bta.k)

1tu .ntet ba* @tl i, ttu W.I.R.A. ktt t ajh^ ttua@natt .okp,k? i, add.d
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fan ksline U .ontress;ofl nethads

Sliven and ;ti"$ *. soft enough to conform to the rectangular

shap. ofrhe qtoove through $hi(h rhey run, but the rwi\t in yarns

cau'tes them 6 be too hard for rhis purpose A yarn tester d"scribed

bv Anderson et al (J. Tett. h*t.36, TI9l (19a5)), overcomes this

dimculty by using a very lightly loaded radiused shoe resting on the

' 
u.n. -irh ih. vri n runnins orer a flat anvil (see FiSure 9 21) Onlv

i.5 s prrsure h applied to rhe yarn. It has been tound rhar with a

liehipres'u,e rhe measurements oflarn thickness are rlosely corrc-
lated-with the rveight per unit Iength. The recording of the yarn
thickness variation takes the form of an optical arrangement in
which a beam oflight is rcflected from a srnall mirror on to a moving
strip of photographic paper. In this $'ay the movernent of the shoe

-.i b.;.s"ih.;l 200 d 500 times, and a permanent record of t}te
variation obtained.

h) (b)

Fie ,. g-21. rad bltirs bt .oa\E$i!1: tq Andd@ )M tLati; \b) Itu I I-\RA.'o d
)an diotukt t tlt

An instrument devetoPed by the Lineir Industry Research

Association is described in detail €lsewhere (J. I'ett- Ilst 4l' P4Bo
(1950)). Briefly, the )arn pa(ses round a serjes ofrollers so rhal it
lies baween lour nips, rhe pressure being about 5 g. The four
thicknesses so mens.,ied u.e iqually spaced within I in. The top
roller supportr a small anvil on which the piunger ofthe mioom€tcr
rests. Hinle, a series of measurements may be taken along the yarn'
Modifications to such an apparatus can convert it from a hand-
operated instrumeni with intermittent measurcm€nt to a continuous
t;t€r with the moveftcnt of thc toP roller being used to actuatc

mechanical or electrici4l pen recordcrs. '

Prin, ol Texlile -32



486 pRtNcrpl-Es oF Ttxrrl-t rEsrlNc
Experience has sho\^ n rhai this iflstrument work satislactorilv

u ith coarse and medium oax yarns up to abour 6Os lea (27.tr;;);;1
on ral,,n srdpie ).a, ns \ irh rs ist facrors oI I.5 or more-

The t\ao )-arn testers mpntfuned above test{)ne strand ofyarn at a
rime, hul it h:: blen sho\n that ir is pos"ibte 1lr resr a bundte o[yarft on rhe \|.I.R.A. ro\;nq let(tr,e,s resrer. The.l,arr ohtail.d
can be trealed rn rhe usual $dy lo ohta;n rhe cor fficienr nl.rariarion
Ior the bundle. tsv assuming lhal all rhe larns are cqua v rariable.
rhe codh(ienr o{\.ariat;on fur rhp,ingle rarn may Le derir.ed from
rhe lhllos inq r(larion:

C.V. (yarn) : C.V. (bundle) x /,1
rrhere n is the number otslmnds in thc bundt e (see J. Te . htst. 41,
P4B0 (1e50)).

EIECTRONIC CAPACITA\CE TESTERS

Tbe measuring dcviceofan etectronic capacirance t€ster is a paraitel_
plate air capaeitor. (The tu',in8 capacitors .Jf rad;o sets.rc of rhLllpc-) Lnder certain (ondir;ons. rhe effccr ot jnt,ndu.ing r nor_
condu.uns matFrial su/h as a sti\Fror rarn inro the.pare Lrrnnen

lhe 
plares k ro,hanqe.rhe 

"pac;ry oi rhe caprchoi. (he charrqe
bejng propo ional ro ll,e $ F;{ht of matfrial pie.ent. IL ther.for-elhe n,alerjal is draun rhrough the capa. iror .onrinuou(ty, rh.
changes in rhe capaciry sili to orv rtre rariarion in the rcie'hr per
unit lcnsrh- of rhe srrand. rhe unir trngrh being rr,e r"^grh'of ihe
.apa(iror. Jr is nece\sar) r,, derecL rhoihange. in capaciy and ro
translale rhcm electroni, ally inro marcr readinqs "+,;.t i.ai.u,"
the coeffic;enr ofyarialjon. Ar the.amf rinre a rraie ofrhe rariarion
should be made orr a pen rerorder if reouired.

The design ofrhe capaeitnrs and rhe as(o, iared ele.rronic.;rcuirs
i,a subjc:t in irs€lf and reaUy lrvnnd tt. sc"pc of rrr;s , haprcr.
I hose rcdders-\ho wish ro gain a more deraited-Ir,orrtedge ofiurh
:i:':rs shoyr.d_ consult ihe pape6 of tvarker r J. T.xt. tnli 4t, p446
(1150)) and \lack (J.7.,t. /rur. {6. Ts00 (t95s)).

Some of rhe desien probtems should be apprec;ared and rrill be
mentioned norv before rhe acrual insrrumenrs are described. Fir,rtv.
so that the changes in capaciry are linearly relared to rhc reight oi
material prcsent, rhe mareriat rhickncss should nor excecd 4"0 ner
cent of the Ji.rancb betweEn th€ caiacilor plates. Hence, ro
a.comnrodate a.rangc of_materials from slivers rJ6ne yarns a series
oI rnler( hangeable capacirors are necessan,
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Secordly, the length ofthe capacitor should be as short as possible
so ihaa the variations in \,!.eight are measured over shorr lengrhs. In
lhe Fielden-1\'alker tester this Iength is I cm, and in the'Uster, it
varies from 20 mm (for coarse mat$ials) to B mm.

Thirdly, &e shape of the cross-sectiofl ofthe t€stcd srrand affects
the change in capacity. It is esscntial that the strand maintains i6
shape during its passage through the capaciror. Where soft materials
are t€stedj guides are used \r,hich slighily compress the strand into a
suitable form just belor€ it enters the capacitor. For spun yarns rhe
t$,ist keeps thc cross-section approximately circular. Filam€nt yarns
uith loi{ twist require extra. twist and so a special twist tube, some-
thing like a false tuister, is used (see Walker, P. H. 1. T"rt ltltt. 45,
P678 (1954)).

Fourthly, dre moisture in the material affects the magnirude ofrhe
.hdnge in (apacily. a higher moislure conrent giving a grearer
change in capacity. A nice point arises here. Ifthe M.hole of the
length of malerial tested has the same moisture content, the Ievel
of the change of capacity (.ill not affect ihe coemcient ofvariation
because ihe thick and thitl places iliu have the same moisture con-
tent, In the laboratory, rheretore, it is more inrportanl to ensure that
the moisture content is the samelh.oughout the sample rather than
it be a particular value. In general, samples $hich have been in the
labo,arory for I l,r or m.re !rill be 6r ro lF.r. Fo.rer (J. f/xi. /,r,r.
.l8, Tl08 (1957)) shows that 1l:r rovings the outer layem, i:c. the
layers [,hich \\il] bc tested, B.ill be reasonably conditioned in this
time because the diffusion ofthe moisture into the 6rst ferv layers of
a roving bobbin is fairlv rapid. When slir.ers in cans are tested it is
r.ecornmendcd that the top lalcrs arc rrmo\ cd just pdor to testing.
Foster's paper gocs into these problems of moisturc in more d€tail.

The Fildet-lltalkcr lam ctenncss rccotder
l.Iost ol' dre main lcahrres of rhis British elecuonic iapacitance
t\pe tester can bc seen in Figure 9.22:
(l) The measuring capacitor. Four sizcs are atailaLle ro accom-

modat€ a range of materials firrn slilcrr to fine Iarns.
(2) Thc guides. These lcaC the nialerial acri,ss the air gap in the

correct position bnd, $here'necessary, gile it rhe right shape' of cross-sec tion.
(3) rhc creel to hold the material and allo$ smooth rvithdlasal

from the package.
(4) The rai<e-up rollcrs to y"ll thc marcr;:rl ihrough the capaiitor.

These roile|s operate at two speeds, 5 ft'min and 50 [t,hi!.
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Figt 9.22. Tlu Frlldat Wotkd.w.tt t st t

(5) The ya.rn reel to collect tested yarn.
(6) Meter A, uhich indicares rhe momentary variation )f thc

matedal.
(7) Meter B, vrhich indicat€s thc dcviation,fmm thc mcan le!'el.
(8) Metcr C, (hich indicates the mean level
(9) The balance and sensitivity controls to adjust the instrument.

(10) The damping switch. When in opoarion, the pen of thc
recorder folloqs a smoother course.

( t I ) The pen recorder. The pen follows rhe movemenr ofthe poinrer
ofmeter A; the chart specd can be varied by change whcels to
givc a rang€ ofchart contractions.

Outliru oJ olaatim. The insaument is switched on and alloli.cd to
\aarm up before being balairced to zem by means of the cont.ols,
$,ilh no mate.ial between thc plat6 of the setected capaciror. When
the main unit i! balanced to zem, t}Ic pei ofthe recorder should be
on the chart zero; ifnot, it can be adjui.c{to zero, The material to
bc tcsted is rhreaded through the guidcs, capacitor, and takc-up
rollers, and the ravcrsc switchcd on at thc selected speed. In order
to bring tic pen into thc centrc ofthe chart, the sensitivity control is

B

z--h

CC

c
/;\
\4/

t^
Dohp,nq -\-./s,rr.h 5ensn^'t/
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adiustcd until both the Pen and the.Pointer of Meler A oscillate

ablut a oosition aPproxrmately rn 1ne-centre of their respectile

lJiI. i#.r." r'ii..n switched on and a rrace ofrhe irregularitv

oroduced.
"'i""i. iir...",.rr* ofcharl Presentalion 

(an be obtained by using

,fr. *" t.rt-* Jp".as and thi damping <wirch:

i'il ilh:#il;,il;riJ.,'ir or'-Lt['; 'se 
traverse or5 rt/min

and no damPrng'
rzr i Jf,un ]t o*lirg't*ic forms ofvariaiion I use traverse of5 ft/min
' and lhe damPing twilrh 'losed'
a3l A chart showing irregutanty over rong lengths; use traverse of
' 50 ftlmin and no damPing'
ra, il.'i#li.*r* r"* tlrm'trmdsr use traverse of 50 ft/min and

' the damPing switch closed

n*.i-s"{f6.zo tr'"* all four tvpes oftrace for yarn taken from

the samc Package.

v.n,.d - r I#&*,.: ,o'l;L3;= "' * *
Fts",,,3 lify;#. 

iii:, :yffil,ilfr :!i[i!#"x 
"tr

rhc na,. r.adiry,. Pitr:len' fo^r:1-s {T ;'i;]fii], ffilT:,il;
.imDlified set ofraces in Figxre 9'2l I'su

:'.n*r*#'ili:Ii#i*li,l",:,.,'*i:'[.*ri#;;T,i,"r;
deviarion aborir rhe mean le\fl ,s consrnn-5 '.._rr. ny _"rtipryi.!
on l,eter C will also b€ consrant lor obvrou' *i"*i.,;";, p.h.l.f;.. ;
rle r'"o melrr rerdinss,t. ry'..Ii.s""_'llii;|;t ir.'.,' u.- gi"* uy
obtained. The co€fficient ol varrat'on
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PM.D. x l-25. The ringte figure. p.\t.D. or C.V. woutd thereforegrve a compleie measure of rhe irrcqllaritt n,^*t i, ,h; ;;;:l(see Tablc 9.87.

Figurc 9-27(b) dro$.s thar the matc at has a consrant short termvariationabout a mcan tcvel which has a rong r.,,n,;.*,.'i"ii,ii
case th€ deviarion l\lerer B \lould rive a
-.""_r.,;i.;;;.s "r il;J c1""i,J;:,:::;::iff ::lH .l::Ji:ootarn a measure ofrhe lonq rerm _.r,, l.r.l ,.,;rri";r.;;;; 

";

lam 3p..d _ 5 fvmin
Fisuk 9.21. Danlcd h@ oJlan Jtu6 Mtu t@tdi. N i4 Fiso. g.2j

. ''.". "*.d - 'l i::i3" _ ,, _.";Xjl :
Fisq.9-25. Lnrtankd kon of)d,, hon !o@ tdJo!. b $ FiE@.9-2Jbut utth lln?J r,a k)tiry ind..d



Yem sP"d - 50 ftlmin

F;,,"2 e 26- Don rd kM af )od lon t@ td*ry'.d\ ia fisua 9'23
- lt tinz,pttd i*voYd aad do tia! at'htae

ri,fltfiffiri::r.""li:r

r fo.' "tr-
(b)

fisM 9.27. nL. lotu olrad i/t'srtdtit!
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T;bL 9.8. ,4 Sct oJ M.t t Rcani,g! tn ltsbak ram h.grto;U H@ing a p.hen Sin;lot

to Fisu. 9.22(d)

0.97
0.97
098
099
0.97
0'94
097

at.?
\.67

Perc.nrase h€n ddiarion : r r.Ot * oS;:--lr.+

ralh 9.9. A Sct dthh, R d.lingr t lUut/nb rM b.c at;E Edoi g a poth Sinife
to Fieu. 9.22(b)

I t.6
I ).7
I1.6
)t.7
lt.6
I1.8
1t.7

6.83
0.976

I t.6
t1.7
\'7

. u.6
tt.7
i t.8
II'6
lt.6
I ).7
1).7
1t-6
I I.8
n.7
It.6
11.7

Total. izs r

I,I
1.2
r.3
1.2
I0
t.2
I.3
t.+
t.2
1.2
1.1
).2
1.3
l-2 |Il

t8.0
t2

Pefta,,.se mean dNiarion . rt.OZ " t.r = Hnr

readin€s musr be talen over a period long enough to be a r€presenta_uve se( ot,mean levei measurements. Th;veraeeof rh.se _..r, IJ;t
f:d.i:9.i"*.j becomes rhe _.., i;*r;;#,";;*;.,iil1hT .

ilo",.'l;1,i.,. o-0,..s the P.M.D. ofthe shon t.,- ".;^ii.,l*i
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No deviarion figure depar* seriously flom tle avfrage-but th€

-.;; i;;iil'*".,ge i,om l'0 to l:4; t4 0 Per-cent will be an

.urale staGn.:rt of the shr* term irregr'lt'rity but rtarres rnc

;";;';;';;l;il, .r the weight per unit Iengrh .This can bc

ob;ined by listing the dePartures Fom lhe average ol the mean lever

readings. Table 9.10 shows this oPeratron'

Tabb s.tl. caldhtian oJ Lns r\n 
Yotr#; i.swdaht 

Pd unit lasttlJt@ t" Ddta

0.1
0.0
0.1
0.0
o.2
0.0
0.1
0.2
0.0
0.0
0.1
0.0
0.1
00
0.1

l.l
1,2
1.3
\,2
1.0
1.2
1.3
'\.+

t.2
1.2
l.l
t.2
1.3
I.2
l.I

Total: l o

P.r..nlaee m.an d.liauon of long lem v#alion ofs'i8hl pd unit Iflgth
- 0't67 x I00

---.---56petcst
t.2

To obtain a measurc of the loflg term vatiation of the mean lwel'

,h.';#;;;;;;;; .i. i"aij'a""t ^'- tever r€adinss and.the

;::":;: ;; -i;.i 
are calculated. The differences are then

:]il:;.',ii ;;-;*s. is expressed as a Perccrrase or the

l"]""?" 'i,.l"l.r"i. rhis o-peration h given in Tablc 9 10'

";"";iii;;';;;-;;;;"'i.diia sro, ih, varn has a ir:crt term ir-

:fi't?'fi;i;;'0;; 
"ent 

tosether with s:6 per cent wander of the

',)Elii 
iir.i,,*jJry.- pa'id in 30 sec' . 'I6tc: the n:cer readingr

arclogged at 30 sec intcrvals )
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A lhird lorm of variarion is shown in Figure 9.27(c). Here thcmean level reading will be constanr but th

,r,..,",pr;,,i. .rir,.',1.,,' ;"'#U;l,:f iTj'::,:l,,#l;:li:
9.1.1 gives the merhod oftreating the dala. Th. I"rS ,.._ "*i"ilirn.rhe amptirude ofrhe short teim ,*r",i"" ir."i.""l.r.J i,-i.ir'J9.t2.

r h 9.11. A S.t oJ 

^r.kt 
R.aiings t! Ittut/dx TM In eulai, oJ tu af.rp Shru iaFicq. 9.22(.)

It
I.t
r.0s
I.l
l.t5
Il
l.t
I't
l.r5
l.t
t-l
t.05
105
l.t
l.l

t3.l
t2.2
lt.7

13.3
12.9
12.1
I1.3
t22
t3.1
13 9
r2.3
lI.2
I1.9
136

t47.7
)2.5

16.45
l.l

Short rem Fr.cntag. mcan d*iation: I2.5 x I.l: 13.75

The Iong term varia(ion on weighr per unir lfngth ;s srnal bur therf
)s a pronounced tong term variadon otrhe deviition, i.e. ofthe shonterm i,egutarity. This can be er,.aluated by th. ah;.-.";; ;.;averageprocedureshown in Table 9.12,

3ffjf,.:;^Il:rt nar a short.trrm.irresurariry of r3.7s per cent$ nrcn varres, ovcr a lonecr period. in rhis (ase about 3 min,.by 0.79
Per cenl oi thc basic material Be;ehr

"^The.rfadings 
should start after"2 m;n running and thereafrer atru_ scc, rnterva h. Al a tra\erse of 5 fr.,min, 30 sec r.praents 2| ft oi

ff ';:'3ffi $: ;l'# i-;l#;1'*':j: iffi9 :-:= :::r:r.* ;o ;
25 ft. I means vaflatrons up to
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Tobt g.12. Cartuldtid t ttu Inre Tdn yatidtian in tt Sliott nn ltuq aiu

t3.l
t2.2
tt.7
12.3
I3.3
12.9
l2.l
I t.3
t22
t3.7
13.9
12.3
t 1.2
I1.9
13.6

G6
0.3
0.8
o-2
G8
0.4
04
i2
0.3
t2
1.4
0.2

0.6
l.l

Total: 10 8

Th. Er(tnhle man dn'iation ol ihe long t.rm vrdadon of th' 'horr t'rm
ir.gulariry: O?2 > ll '079

In routine lestinq it is recommended that the higher speed is used

wilh the pen recoider s"irched out. The longer lengths so tested

mean thai the sampling is better. For investigation of materials

llhich show periodic viriations, thd slow sPeed may- bc used in

conjunction ;ith th€ Pen rccorder. The analysis ofsuch traces u'ill
be dealt rvith later.

ln aclual Dra.tice. rhc !ar;ous t! pes ofvar;a1ion $ ill aPPear in lhe

',.. .imulrineoush:. one .et of riadings are rherefore taken and

irom rh.m rhe thrcc measutcs ofirregularirv calculated:
lll Short rerm irresrrlatity.
i2) Lone rFrm \ari;tion of the .hort'term irregularitv'

i:j r-.,i,..- variarion ofseiqht Per un;r lensth'

Th. 'I\tkl' ?r.,nt:! t?!!ct
e'-tal.r"r,i" diagram of this Slr'iss elerness testir is shown in
ii'"* S.Za. TrvJoscillaton A arrd B have equal frequencies uhen

rlrire i: no materirt i-. the measrri-.g capacitor C. When the two

frequencies are superimposed the difference in frequency i! zero'
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The presence of material in the capacitor causes its capacitv to(nang€and so alter the frequcncyofthe oscillrtor A. There'wiil ihen
oe a orflerence between the rwo lrequencies which varies accordinsro the amount ot material betse.n ri.: capacitor plate.. iuitabl!circuits.D trandare these frequency differences rnro sisnals which(l) are rndicared on the meter M, (2J drive rhe pen ofrie.e"."a""
and (3) are fed into lhe inregratoi which i"ii.",.. tf" 

"r.ilirrregulanty either as percenragc mean deviation or coefficienr "of
vanation according ro rhe model used.

f'l
=
l. r--L'F,c

@
l
)R

Ha
Fipn 9.2t. S!tutunia diastu oJ tv 'U!ht, .w, t2,b

- -The- 
actual tester is illusrrated in Figure 9.29 which shows the

lollowing external features :

(l) The'comb' of eight rlreasuring capacitors of differenl sizes.
(2) The creel and guides ro control rh; makrial.
(3) Th€ traverse rolleIs rvhich can control the material speed ov€r a

range from 2 ro 100 yd/min.
(4) The control switches.
(5) Thc rneter on rhe main unit which indicates the momentary

variations in thc material.
(6) The integtator r.hich indicates the p.M.D. or C.V.
(7) The high-speed ?en recorder \4.hos€ chart speed can be varied

between I and ,10 in./min.
As in thC casc of the Fielden-Walker instnmcnt. rhe ,Uster, ;!

adjusled and balanced after a pretiminary warming_up period. The
detailed procedure for adjustment and t€sting wi ;oi 6e dhcusscd
herc but several points should be noted.
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Figd. g.2g. Ttu'I)sttr' Mw ttttd \nd'Sqtttogqlh'

Matrial spud.In yams, the drafting wave variations have the

f,i*ir*, ^-p'jitra. -a have a wavelengrh of about 2 b 2 5 times

,i? -.- ii* l".g* The speed oftesti'" must b€ chosen 30 tlat

^f,h.e fluctuatrons rres wirhin tlre capacity oI rhe^

:::J,::"-tl ; iliil ,r'". i"' '-"*pt"' 
with a. varn speed or

oii'llt il i-a. a*f,lng wavelengh of about 3;n ' 
the Pen must tle

#*''.,;*d" "#i1""";';*$: 
lxm:fi ffi :i'l:l' ;l:

with a vam speed of 100 Yd/min'*'Zi,liil)i7i,'i, 
n,i ,oio*tion' Th.- vu'n "p'ed: 

chart sPecd rar io'

t .llfrli#"., "i"i..ton, 
is chosen to iuit thi tvpe ofvariation being

#*#'tg"HE;aEtit,'**.q,m$.xm-x,

Choia of mcaruting oPadtot
;fr;i i;',ht" .:h.;,". wc leamt that in orde' to achieve a chanse

ff;;;.:;ililil'; linearlv rclated to thc amount of material
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bcrween Gc capacitor plates, lhe thicIness of rhe material rrlative
:i ":T,.:::.:l ik capaciror mwt nor cxcccd ce,tain ri-i,..'i;i;:uster' 

'nslructjon manual a TaLIe sratcs $jlirh ,"p..i,o. i, ii,"'comb' must be used for rhe drflrrent hanks and mu;.

Fiss. 930. Autut of L\.,,^b. ,f .,",,,;,e ,,p,,;*, ;T:r:;;:,::::::: .,",
'.Vonnal' and. in.rt, t.st;np
When rhe'Usier,;s used \^irh a control su.ir(h sel ro .n.rrmat.. rh.trace records all rhe rariarion, short, mcdium,,rd I";; i;. ;spe.rat htrer .rrcuit (omer inro adion rrhen rhe srrirrli is .ct ro'inen. ln effect, the shon t"rm \.ariation is ,.pu*r.a r.o*'tlfmedium and long term !:ariations. The integrator'and the recordelthen. deal only B.irh rhe medi,rm and long term irre€,rlarirv. Theresulrs are simitarlo rhose obrained L,r .",iirs -a ":.iqiir",'i..._rore Dy rnerl' r.sirng.we achicl.e an Ftecrri.dt .,tui,al"; oi;ea,u.-rng the rrresularity bdu1n cu$ ot cqual jcngrh". Th.se ..lccrri.al

cut tenglhs'depend upon rhe speed ofresring:
2 yd.'min is equiratent ro 5;n. cur lenqrhs (ippror.1
a.ld, min is equir-atent io 20 in. cur rcigthr llpproi.;zJ yo/m,n 15 equrvatent ro 60 in. cut lenqtfu (approx.)
100 ydlmin i: equivalent ro 225 in. .,t r",gtli, 1ipp."_.;
_,It may occur lo the reader rhat a poxiL[ meihod of.otrrainins al,(,)curye presfil! itsef. This can, in fact, be done on rhe .Usrer,"by
employing spfciat resting procedures.
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A: soe iatd' Ltst a' c quiPnent'di#-ii," iri,.arl',i". of the basic resting units- a number of new '

ruit hate bcen developed rr'hich in'rrases the uselulness ano

i..i,;i;i" or,t. originai e'enness telter' The Specrrograph' is a

picce ofiquipment qhich is uscd in the anallsis ot rlegurarrty ano

$ill bc describtd later.

T he' in i. tI. e t ion indi a ! ot'
ir'" ;r",r,]ar.,ion of the impcrfection indicator in place of the

'rl"-r-.; i^J",.. (described in rhe Second Edition) offen the

""iii, -rt"ia.rr",ment Srearer oPporrunities for detailed analv-

i;li;; i' ,;".. signfrs rrom'tire main unit are red to thc

;;;, r..i; i;i;i.' "i i.t''i'n't'un'o"tv me'as-ures.nrPs'. thick

.la'cer and rhin ntaces. A count ofatl three tl pes ol lault rs maoe ano

if,. r.trfs tL."'. on separate (ounters lt is possible to adJusl lhe

lli'iii'iii.i,r" t,,,.-'so that a chosen size oi fault is counted and

.-iii.' i1,r'. r-*j*a. In iq64. a ne\r set of Usrer' varn standards

r'...1"i..a""."a, the yarn Paramcte$ considered being evenncss'

r*'. ,fri.l pf.".t and rhin places lt t'as rherefore necessary to

dchnr rl,e mcanines o[ lhe In't three terms'"--i.r, - , r,,rt :i.e.h of I mm har irg a t ross+ertion 200 per cent
' ,ii,l. ,-.,^*" i.rr'. This correspondcd to a sensitivitv serting

.,1 t .,n the ieos knob of rhe imperfecrion indicator'

rii.l i;rr'.' a'fautt le.gth of approximarelv the fibre staple
' 

i""",rr, f..tf,'- a cross-se-ction ot5b per cent increase over rhe

^"]"e" 
*lr.i 'Thick Places' knob sct to 3'

fl,i,,'rr"".' " fa,lt lcrigth of approximarely rhe fibre staple

lcnrtlr. I a\ine a crosr-secrion approx 50 per cent less lhan lhe

,'.ing. rrl,,.. Th. thinplare knob sct 10 50 per 
'ent'

' l lster' t r:, n stondarlt
ih. 

",'",,J",a' 
of evennes described earli"r in this chapter \ ere

r].".i "" 
il. .*"1" .f t€sting thc P'oducts of the machinerv and

'.1i.;",""1. ",. 
* rhe tim" id'an' es in spinning technologv since

.h.n. u'nd i-p.ou.*"nts in qualily 'onrrol 
rtstems' have dFmandeo

^ fresh aporaisal of the 'randards lt $'as dFcided lo base lne

l-J".a,LL ii[o""rl(v ol rhe \ arns rather than rhe characterisrics

"i.r,. i.i.',".a;"i. proau"a iarns from all oter the qorld rerc
.,-"jJ 

",,J "".a, 
o* result analtsed and the standards PrePared

flr.'r**'i"ir." .i,t'e siandards is in graPhical-form' Charts for

--fJ ".a 
carded corton, blends and \orsled-sPun vams arc

)r",Lsr., lrt r.. ,r,. purPosrs or cxPtanation we shall consider the

charts for combed cotton Yarns'



E

E iEf"is
I I i:Ell.t

6t I E" lSte 3

@[84 .p roqallsclj^c xr.'zllaort.uolElE
\ uolllJs to l€t.gl.o?

r
*€E: EI,

##"=8#rP
EsE

,t,tag[l
33i

-.€{
s

{
*5

!



USTEn Y.in Si.ndardi
ustE8 Glm Stan.ladaerle i964
v.t€uBsi.fft rd USTER

IIEPS
NISSEN
BOUIONS

T00

;Eg 1@

:!e 600;t e
Ce E 4oo

383 :d'

tp
i:€

5T;
TEE

SBT

tE9
E3t

*l-1
-t_l
*[--]
,"=

IJ
,"L
aL- l

"Ll5F--l

L
.-6

r* -if,
40 50 60 70 30 1@ 120

a765

EVBNNESS TESTING

@t @Lr.I <dtoqn Ir4
. FiC,r, 9.32-'ILtd' 2M ttatldtb

In Figurc 9,3t the yarfl court is on the logarithmic horizontal
rcalc and the C.V. pclccnt ge on thc vertical scalc, Supposc the
yarn bcing co$idcrcd i! a {{L (15 t6), Locating thc 40 position on

Pfin, ot Textile -33
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the count.scale wc travel vertically until we mect the 50 per cent
line; reading across to the vertical scale we r€ad ofrthe yaiue C.V.
16 ? per ceni. This means ihat of all the 40s cnmbed yarns spun,
50 per cent of rhem rrill har,e a C.V.. uf 16.2 or worse, and 50 per
cent olthem bett€r (lower) thar 16.2 per cent The spinning teih-
nologiri can therclore compare I s.orm product with the pr;ducts
ofother spinner.. ii our o$.n 40s combed ).am has a C,V. oal3.2 per
cent .lle Nould bc amongst rhe spinnen olgood quality yarns as ihe
intercept on the 5 per cenr line coresponds to a C.V. of l3-5 per
cent. In otherui,ris, only one spinner in t,^,enty spins 40s combed as
evenly as oursei';es.

StandarCs chals for thick and thin places, and neps, are similarly
con*ructed, the .:xample shonn in Figure 9.32 being th€ rep count
chart. For ,ur ifs combed cotron yarn the number of neps per
I,000 m, Ior thr:C pcr cent line, is 54. (On rhe carded yarn chart
the co.lesproxdi.1 value for 40s is about 600,)

Etten in!,rrr!;:.1s
With the sel....r: srgitch set to 'E'rtreme Imperfections' the thick
piaces, rr hir.r "_, 

.1ore lhan double the arer;Bc cross-seclionJ can be
countcd. F.,r \r,:.sted spinners two [mits have been flred, ] 33
per cent a.C -i- 100 per cent, and rhe two counter.s register the
number of ti,r.i .l-at these limits have been exc€eded.

Th. 'Vain t ' ci,J'I/atu;gbl'
l-his 

- 
equipmerii brings a further refinement to rhe testing of

scutch€r laps. ,\:.-rech.rnical lap meter of rhe,Whiitake/ or.S;co-
Lo$cll' type prolides lor rhe measurement of the yard-to-yard
vadations in lap weicht. \lhereas the'Varimeter, measures the
inch-to-inch variation. The merit of such reinement has been
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qu€stioncd (indircctly) by Foster who, in his book, points out that
thc variation within scutcher laps has a relatively small effect on thc
cbunt variation ofthe yam. Nwertheless, therc arc mills which usc

the'Varimetcy' systcm oflap tcsting and 6nd that it scrver a usdul
purpose ia tbe control of quality ls,"e T.rt. W6A (Aus., 1954)).
As thc spilming pocess€s becomes shorter the infelencc it that the
early rnaterials wi.ll of necessity have to bc more rcgular.

Thc measuring capacitor covcrs thc full width ofthc lap and may
cither be mountcd on a mechanical iraP t€ster or be fixcd in the
scutcher betrreen the bottom pair of calendcr tollers and the laP
windrng miiers (sec Figurc 9.33). An adapter unit converts the
variations causcd by the lap irregularity ino low-Irequenry voltagc
variations which arc then fed to the evenness tester. The 'Vari-
signal' is an additional unit which regilters the numb€r oftimes that
cho6€n limits have been exceeded.

:::_r +r ll} i
l.tegrotor Be.crJer i

M,ll l.bo.otory

(,r1, T.i( $o.ld (.arr" ,9jt))
Fism 9.14. Mvkiqntol d ' 

kto lol ralirtton



--.For 
onc measuring capacitor unit rhe evcnne$ trster can supply

the power. but in instaltadons u.hrre a number of unit" 
"." 

n'i.i
into,a range of scr-rrchers a cenkalised power supply unit is used. A
:locr( opqfT ot a syslem used by an American mill is shown jn
lrgure 9.34,. Note that at any time rhe laborato.y penonnel can
select a partjcular scutcher and obtain an irregutaiity trace on the
pen recorder in the laboratory. By anal,sis ofu.'y poiJa;" r*;",i.*
:nt:l i"y appear, it is possibte 10 locare the lilely source of rhe
trouble (s€€ Tc . l4orld (Aug., Oct., Nov., 1954)).

PHOTOELEC'] RIC TESTEAS

When a beam otlight is dire.red on ro a photortecric rell an electric
current ts produccd. The magninrde of rhe .urrert is dircctlv
proportional to.1h_c-inlensiry ofthe lighi falling on the IighFsensitiv;
part oI the cell. If part d thc light h cut off bv a rarn oa..i..
brtween ils source and rhe photoelecrric cell, thi current howin!
wrll.\aryas rhe thickfless ofthe yarn varies. Irregularity tesrers basej
:l.t hls 

lrrJ':,,ptc 
usuaxy conshr of rhc following parts Gec Figure 9.35) :(1) .\ stabrlrsect source oflisht fA.l.

(2) An optical s)st€m to coirroi rire t;gr,r p;.
(3) A dit ofvariable \aidth rhrough w[ich the yarn passes (C).
(4) A phoroelectric cell (D).
(5) Suirable meters and recording insrruments ro meas, re lhe
, .. currenl var;ations and produce an irregulariry trace (E).
(6) A yarn-control device.

Photoelectric test€rs built by research iaboratories are described

50{ !RINCIPLES OF TEXfILE TESTINO

Figd. 9.35. Sdanati. dias6 ql a ttptebtn M@ btn (not tn 4l \
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by Oniorx et ^1.0.I-cn. 
Iflst.4l, P4AO (1950)). Matthew et al.

lJ..T.rt. lttt.4l, P4a6 (1950)) and in rlre W.I.R.A. handboot
festiag a d Contnl. p. 87.

The coefficient of variation measured by photoelectric methods
does not give a measure ofthe vadation of lveight per unit lenglh.
In the papers relered to, the coefficients of vanation obtained by
Dhotoebcuic tcsters and the culting and weiqhing of J in. len$hs
Lavc been compared for a number ofyarns. The conclusions reached

by Onions and his colleagues are tlat ,ams of comparable count
aqd construction .are graded by a photoelegtric tgster in the same

orde! as by cutlil:s ard weighing I in. lengils, and that the numer-
ical value of the coefrcient olvariation measured optically is gr€ater
than that of short term ueight variation.

It is pointed out by Matthew that a Photoelectric nester. is

unaffected by moistutc, a uscful advantage wh€n yarnt such Jls wet'
spun gax yarns are taken dircctly from tht spinnilS fr1me.

THE CAUSES AND EFFECTS OF IRRECUI ARITY

A knowledge of the mechanism and fuDctioning ofthe various tyPes

of iregularity tcsting instruments is important, but perhaps more
important is a clear understanding of the reasons r'hy thes€ t€ch'
niques arc used, how $c rcsulls are interPr€ted, and horir irregularity
testing cnn b€st servc the spinner, the manufacturer, and thc cus_

tomer. Apart from its value in &search and developmcnt, irrcgu'
Iarity t€sting may bc tooked at &om two ailgles: firstly, to answ€r
th€ question'What has caus€d this fault?'and secondly, 'How carl
such faults bc Fevented ?' Chronologically, thc aause com€s before
th€ eflect, but often a yarn fault remains undiscovered until t}le
fabric is madc and som€times until it has been dyed or 6nished. The
technologist, then, has to $'ork backwards, rctra.ing the history of
the faulty yarn and using tle testing m€thods at his disposal to track
down the probabl€ cause ofthc trouble. Hc must therebre have a
sound und€rstanding of the processes of spinning and fabric manu_

facture. Even so, the help ofthe mill technician is often invaluable
since he has an intimatc tnouledge of the machinery under his
suD€rvision. For this r€ason it is essential that lhe relations bewveen

lh; Eboratory and the machine rooms should b€ cord;al, a state of
'aflairs to be cicouragcd but nol. unfonunately, a.lways found.

Whea causcs of faults have bcen found it is logical r'. desitn conlrol
syst€ms which will pr€vent them Goru occurring again, or at least
rcducc thc chanccs ofrcpear iaults.
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The diversity of thr textile industry Fecludes the possibility of
discussing all the causes and effccts of irregularity. In the remarls
which follow, attention will be given to one oI two important points;
but in thc main the treatmmt \rill bc ofa general rather ihan a
detailcd nature. furtler, $e irregularity consid€rcd will be mainly
the variation in weight per unir lcngth even though other types of
irregularity luch as twist variation and dyc afrnity may be of cqual
importancc in the final analysis.

EFFECTS OF IEREOULARITY IN WEIGHT PEI{ UNTT LENCTII

Strcncth
Thin placcs, whether in slivers, mviogs, or yarns, will be weal(
places. Thereforc, in any proccss where the strand has to support
itsdfduring irs irassage from onc point to aaother, the morc irregular
it is the greater will be the chance ofa break. In addition to a Iowcr
machine efficienry, tie repair of breaks usually means the intro-
duction ofpther faulls, e.g. thicker sliver o? roving at the piecing or
knots in yarn.

In yams the r€lation betwcen irregularity and strcngth is not as
stBighdor$'ard as one might expect becau!€ thc distribution of
twist hai an cffect. It is well knowr that twist tends to 'nrn iflto thc
thin places'. lhe extra twist will tend to counteract loss in suength
which would othcrwise occur. Foster and Tyson (3-l Text. h tt. $,
T385 (1956)) investigated thc relatioq between thc amplitude of
periodic variarions due to eccentdc top drafting rollcrr and th€ lea
sEcngttr of a cotton yar[ One of thc graphs appearing in their
paper is shown in Figure 9.36.

Fabi, al'!.an&.
With spun yarns a certain amount of irregdhrlty ;s incvitablc and
the gbrics produced from them will possess irregulariry in appear-
ancc. In somc ways this variation in surface gives 'character' to a
fabric, but excess of variation will produce a fabric with an objec-
tionable appcarancc. Thc effeci ofthe yarn ireSnlarity will dcpend
on sewral factors, including the type ofvariation (periodic or non.
periodic), thc fabric stnicture, the fabric dimersions, usc of yam
(e,9. as warp pr weft), and fabric 6nish. Yarns fre. fiom stong
pcriodic variatioii but with a high degree of general irregularity '
will tend to produce patchy Ebric, whercas undcr certah condilions
yarns with pcriodic thicL ard tbin plac6 will causc thc fabdc to
cxhibit an unwantcd pattem. The tey words of the last sentencc a.e
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ndhaoc'under certain conditioff'. An odd bobbin ofyarn wound on

H #;;;;*; *ill not cause a Pa(em cven if it has a periodic

"""r"ii.i Ui"i*" ii*ilt be hidden to some cxtent by adjacent warp

;;;;;;;;;Pt"k.f weft Excessive war-p.irregutaritv can' how-

."... oir. ,tt. .ti,,tt , dreaky aPP€arance' Wherc a weli yarn con-

"lill 
i'*'.a1"]."r,' rauc ri'ita known as 'diamond bars' and

'block b'ars' can arisc.

701
0

. A+
l Al' Fotu' a R /'' r't'n't !''rd' lBt- 4' T' 33 5 \ t e56l)

Fisur. 9.36. ?.tc.ntas. Lo strdsh (S) ,tntt'd aeai(t Pdcdt4s' @ptitud' lA) oJ udw

Dianond bats

il;:;;;i.* which rcsult in the production of the 'diamond

#: ;;i;;;;; t""" a.n""a bv catring (J' kxt lrLst' 4e' 1232

/1958)t.
i-"i : tt . .n"..tiu" cloth wid(h' i e the lengrh o{ varn per Phk'

,\ - the wavelensth ofthe periodic var;ation rn lhe welt yarn'

R : an inteslt mdtiPle of !, and

.r : a value"less thanl, positive or negarive'
// /D L +\)

'Tk a " ,"".r,..",Lr ")'v "f""vl's 't'"t 
to cause diamond

barrins a wefl must have a Pcriodic varialion $hose wavelrngrn rs

less thin twice the pick length. ('t'i';;;;;;-ki;;;th o? effective ttoth widlh ora certain rabric

;. ;;'il"il-[J;"-weft has a periodic variatioa whose wave-

i:;# ;i;. r"; ,h" solce of thc disc'rssi"" *e will assumc that thc
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.ta efi yarn. is (ornfo$d- ul2L, ;n. s(, rr.ns oI lhick and rhin places. TI".co,1q* il F;$rrc 9.37 i. a ,, p.",.,,ration .frh. *"v i; *;i;;;;q(Ir wourd posrlrun rrsc[ .r rr,c r..t.. ir irhe ,""rp k ah*nr). fedrure.u, ur( enc(r arc,uu d.ari :rd. ir, rhe body of rhe fabric wnh halfdiamonds ar rhc selvedges. In rt,is exampte ."ly .". ;";;f.ili;j;::,:*^,:r:.1:::r. but . ),ar,ge. in rhe effecti,i .r.,r, 

"ia,r, a,li
i i,! h a\ -,crj<, rr or rne p. . ruc , \"rilrion (an produce several rous,Theacturlnumtrr $iti h, !,A L /.. t,cinp deRnca aUve.

rn the dragrarr rhc pi, k .r,a( irI' i, u irte for rhe sake ofclar;ty. bulin clorh rhe.diamond,. \.:rt bF p"rrer. ofcour... e prpe. t y io*..
ll.._Tcxt. 

tTt..43. p;42 teJ2. coes deeper irl,o ir,. p-ir"_,'"rpattermng and is *orrhr ofclose srudy.

--
--l_.--.....=j-*---:-_:

Firz4 g-37-_Diatund,l:e:,n!. t-,a:\ u:dth l9 k. tv@.tae of ohbti,a= 40ir./: tto)_d \_ )A i,. rhin )nn
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if.iffSk'1,:#"Ji{#:"'t#,'t**"rt$[:i
iilHIffi:;;;,* i.v-piJ"' t' 

",'de 
possibre bv thc use

'-. .r- w-.- p" ifine Predictor, an tnsmmeni developed in the

ij#;# ;il; ;;iJ R"v"; R€sfarch Association' rhc weft

f rfii';fr ,:ffi :ilfi fr 
qtiffit*rfl+Hmfr

:,Tt'tti:H;ffi'GJit'i*" pi""i' '*"'aer 
of thc tvPc uscd

i,l"prli*.ilj"**?" svstens for ihe rcploductiotr of photos'aPh!

i* newspapers' ied line across a chart and
The recording apparatus draws an uu

.r,J iiiid-"1."a.'"iitv of this line is promrtional to the size of the

inout siqnal. Thus, ifa line reprerens one pick' thcn a thin pan of

I'iili-."."^'^""t.'" .r'in placi in rhc varni rimilarly, a thich placc

in ,h";J;-'.P.-.rted tv a thi& scction of the line A successpn

.ii r'r"* [il* J'ct*.lent to a hlpotheti"'l niece of woven cloth'
- i'ii,.;;;;1i thc apParatw-enable thi 'width' of the h1'po-

't'Iffiii'il 
. t.-"i,L"'a' Therefore' the effccts of a pedodic

i,'J"J"" irr-v.* .f,i.t"ess can be studied in relalion to cloth width

;lt:f, ;il;;;"';"ted earlier, ir a major factor in pattemirg

uoubles.

*Li}T*.dt*Ut*'',l,J*ihr$fi .'r*Tr'
Wft bars or block bars

i,ii.* ,fr. ,fr;.k and ihin Plac€s in the weft extend over a lergth-

#:':lHt,H:rff l','*1ff''Ji"ii"*ltEGtlF6i
;;:i:. w.i;;; or bloci barr acros! thc tull widtl' of t}te rabnc

i:il ii;;;;i.;nd that with very lons wavclcnsths' e g' firtv

iilJii. tr.tl.^*O, ,hc changc in count is i Sradual thar thc'bar'

:i::,;Jil;;tsfu and celes to be objecti'.""bt' IT:YPlf
iiii-*.* t" count will, if Srcat enouoh' oroducc wctt barsi rnc

L"I* i--'"* ,r,r"k"ess io another 
"at'ti,e 

Pim change will bc

::::i:;. Kd;; J;;sc' in most thins arc rnorc rrcticcablc than
'#i*i'*;xft 

:iHE:Hi"];trl'l:f'H;i*J:'T::11"ti
Sidl (J. f. . 1^rr, 1I.' P507 (1950))''



Su;p) kn;thd goods

I:":::...*"." the $eaver fares a tirrle berrer rhan rhe knirrerDecause th€ rrreglllarity in ore set oflh
11.,1 

o, ,n. 
"ih;;;;i. ;;";"*.,i iliiX:?9;ffijji:11,.ry;T;

stand on rts o\^n feet, as it rvere. Knittinp
a grven quarity of labric from . 0,.;tu"h'n*^ttt 'et 

to produce

:":.1 ,,.i", d_ ";;;;; :;;,, ;.T,:l :::1:: :ilr[i:l",:;
SilH%:H'j. +il.Yl "d1*i, &3;'i 

r'* w" r t..,'i.','i"'.',".i

Dying and ,6ni:hinz fauts
One effect of yarn-irregularity on the d).eing process is menlionedby.f arsher er-at. tj. T.xt. tut.lr, rsso 1rris5,f ii.';i;il;;
"_.]l::-p:rr". of the-y.rn. rake up mo.e si,e than ,r,.-,ii"r., 

",il3fo.fr recronsr aner rhe desizing process p,ior . ay.i,q, ii.orstnlrutron ofthe residual size mav be r
rn acnrevrng a level dyeing. 

tneven and cause difficulty

CAUSES OF IRRECULARITY
A broad class;ficalion of the causes of varn irrcgularity has been

tifl'li.|gg;tt;I::i;,!^'rr' pi+o trgi6ii' "' "'" """"
(2) Inhcrenr shoncomings in yarn maling and preparatory machi_nery.

5to PRINCTPLES OF TEXTILE TESTi\G

Mechan.icatty dcfrcli\ € maehinery.
i:.xrernal causes due ro norking condirions and inefficient

(3)
(4)

Plar.aties of nu nakiats
The design and adjus(mrnt of spinning machinery is in eff€ct a
:.:I-::Tl::).ht+ ui-,,r p.o.e,";.g u i u, .p,i_,_ .m.;.,.u,r,!IoaJonty or hbres in a particutar mixins. Nalu.aj nU*. fr.". ,".Lili.
Propenies _and.set,rhe spinner a .,ii;.," of p..rrf.r.r. a 

-.r"i""
yd,4u,. a tnr nDr€ rengthj ot course. Horrerer. other variablcs srichas surrace characrer. fi neness. shape of crossse., ;.,, _*.i.;i". Ll,i.Jl

$,::*'r'#ltihtl.'{,i..:}";$:ljliliJ$i",:HflenBrhj fineness..etc., has comeio paas but rhe _.a"r" 
"p.r..'"istapte rayons sril has his probtems of irreg!larity.
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m*rru*x..**r**u*
ryil:: ?1"ftU.#il:ti:::.ll},iI,#*,*':":::,1' t:
l:J:"-f#':'*?,3Jft 's'ili:;xT##;i"iposeatv''lt'e
rnaterial. of irreeulariry due to rhe

The 'drarting $'ave' is one '**pl: i'.;:'h i#:'wi.,. .o[..
inability of a drarting svstem t :"::l;;;;; ts srealer than

fi 1x6:;tt"f#;::;i1.:,*1*,1'.=*':il;Ift **;
ing zoic and move forward '" ,': l1?;i"k;;;ii'i. pr"... rr'.
wiich resula in the drattef $an{ nill; 

,6.ur 2.5 times rhe mean
wavelength of this typc of irregulanty-rs.au!"' "r r*ifi.f.. """"a.
f i:,in'* i;:'1ffi"t::i*'1,ff li'.-#ii""5l"i'J' *"' 1*

*$r?Tiil'j[':m+;]#,;,.:#U:&4:-".:vt
il':;;;;;.;""' or the drartins $ave mechanism is qrven rn

chaprer t' , ^ .. rollers. In condenser spin_
Nit all spinning s)stems usc o1"l'.ls#'i;'; l"J. ii,l"'."i*s

rf:J*mufLu#:.*iti.#,f +SHJH
systcm-are found. For example' tlfIl....a 

*..5 6, the tapes and
Jariation duc to uner'en sPlitung ol.ln

the variation in web density across lhe caro'

y:Yf!!,#!:i::,y,:'fi.o."n,u,".nroduceir1;qurarra111
1",'il ;;:;;;i;'" *"me.ihat dertctive marhinw Hli.Ti;fi:,:l:
amount of irregularity The imPtemenl

^nce 
svstem is esseniial ifth€ level ol rregularity is to be k€Pt within

;;il:.;;:il* drirt out of adjustment' bearinss become worn'

#;;*;;:; ;;sed, lubrication svstems cros' and dirt works

its way into the mechantsm'
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. Many spinning machine mechanithei' 
^to'iutea 

'ai.''i ;;i'J':i;:T '": based on rouers and
produce periodic,., t.,,";, ;'A.;;ffi ,i:,flT. I#*#T:,llrrack down the probable c.ause bv a

i[,ff:^,*.';i;.."il: ;l;"f :iH:l:,:,:'fiJ;:i;ili;
Exkrnal .a,$.i
A mill is not merely a building conrain;ng machinery and mai_enars_men and women ua. na"J"r*

i:fii,"";;:t":T:,ffi *:{"J-.r"#,;:fl#{:THii#i,
and qrality control which look soodsecond-rate ;f ,f,. -.r- -J?."-L" 

on paPer will soon becom"

:x*:1i:,:m:i**;:;h:".'.'i,'*il"_Tf r.i,rfr i#l
can_herp a grear dear ,, it? ;pj;;;;;isffif{ork; sound rrainihs

rn.modern mills il is usual-to hari rcond;rions of rhe variou; ,;;;;;.."i:riTr gver rle atr.ospheric
remperature 

""a *r"rr"" i"iiii,Jrt.re 
sprnning plant oDlimum

ro-r thc process a nd rhe ;;;;;;;:'id:;il1:*iffi :H,l"iHon c,eantrness encourage good work.

TTIE INTERPRETATIO,* O" .,., *".,i-,,
OF IRREGUI,ARITY TESTS

One or two merhods olextracrine inforr

l^11f,fl:fltt'lf$trs#iFi',;*:lffiprobabrrrty paper and the sriecial coniAgain, in the case or th. uaa..._fr 
"r"r*.pIl lfl S.:f; .i:X1l#ir-

r*{{#fi trJflh'g'1,:,irid#llt*r_*+

x*$ffi $ft ;$ry";;,,*s-*rr.*#
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chart bv rv€ and decidc whethcr it rePrcsents a good' arl average' or

I'J'ri.['..i- *"t..r. A mill Iaboritory r.av build uP its own

ii'J:: ;; .""i."r .r,"* and these mav be used to help in the-

lLl#J'#I;:;il;'Ji"u'"' t"i** *' a rair amourt or

}ii*.. i. i..*a.d The natue o{ rhe judgement is subiectir''

;ffi il;"ftil; a prccise descriprion of the irregularitv 'tn
*ii-"" .f,i. coefficieni of variation may be a(emPted but its

accuracy will probably be sulPect 
.__ L:en found to be I0:1, i.e.

A convenient charl contrachon h?rs or

t ri. Ii'li-i".0'.*"" lo in' of material' and a 2 ft length ofchart

iir" l".i-rl"l# .-""'-ed Longer Iengths of chart and hjsher

l"ir *"" i. *i ir r"ng rerm variatrons are thouSht to bc prese nt'
'"111-j,^li^^ e^. .*i..lilal variation will be deah whh shortlv'

"T:"1':'#;l;;;i" uL' i,' mind when chads are bcins

Jil;J-i:;:#i;,"i" *'i'e instrument settinss can art€r

#':ff;; ;;;;;;"' For exampre-'.ir rh' masniocation ractors

.."-,l in tua r-ir on similar matenals differ' then rlrc "ize of the

:JJJ;;.;; i.il the mcan will ditrcr' one varn will appar-

Xifi#;;il;; than the orhcr' 
-whcrcas 

i, fact rhry are both

"i "lrJ'**"r".tv. 
care must bc taken to enlure that fair' com-

::"#; ;;:""#;;.ie and testing tnachine settinss chccked' 
-

'-iiia-,lrr, iii" *"tth rcroembcring that the Paclagd tested are

J;l;;ilii ;;fu;nt burk rroduction, an:"1###fr,H;
of the irreeularitv of thc samPl€ E an as

li il;"ff;;'il;;", of co"r,""a -po"lagc 
from a linslc raultv

I"riir.-t 
"" 

#i"ata.d in a sample ofparkaocs and the cau'e ot thc

i"{iil;;.-;kc.tion Howcver, in gcn-eral' routinc tcsting of

iil;,',:il:.; ;;TL, rii" q'"titv'ortr-' u,rl production'

Pcrccntau ruan thtiatioa ond ncfitiat oJ uarhtioa

;;..J"*" 
";;;;.nt or -bv elecronic intesrators' a sinsle-

il*'i-r'."r., f, .utained wirich d€scribes thc irregularitv of the

i*ili -IiJal]' ".,-."callv' 
Two expressions are used' tlrc per-

llt]""'-.." a"'*t"" (PM'D') and thc cocmcicn! oI variation

);:;3: il;il ;; variatioos in thc material arc random' th€sc

iwo values are simPlY related:''C.V.:P.M.D.xI'25
Difrerent resting instrumcnt! may give slichdv diffcrcnt valu6

*; fi;.j' ;eh'; -"sa I y**lH;I 9rl" :'"f*flTilmcchanical and clectronic d'$gn Du

HHffi;n il;ih; routh;'t! on onc instrumcnt' thir Point

i! not of major imPortancc'
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;'i:5}t;1*{T:"lHi,;,**Hxlr{ruf r[[r
i.h:tT,irTtr#ni:l.{iIl:.1.."fl;!*#ri#t.ffi:: 

t'fl :'.::,#f .1ffi t$l1 "l5l'ffi ;" 
*'

*l*m'll#"fli*#;".:"1[::'"'il,T"xrHl ffi

f flif ]1*i'#,.]]#:**i?li+l'i*"-:,',u
i1:'.t'###xT -:*y 

;*r:ri::t!i+;::f ri(ilr
r,,ru::*i:r::*:i;1##ffi :iiii:i-,.fi J!,'.i

,;, ;:tf;ruxriiix;ffi ;i6 P:{':ff ','r.,u
f f::,::;i"'#f; J[:"'#'ff :ff i'*:l$:H:ffi i:
....1Tt" 't:g . the variancc_tenFh curves, ir wa-r nored that

;l;#.s#;"l;#fr HItTi,.;"}"[{il-J,i:ri}:l,}

**mti,f.*;-,,ry*f ,,ffii;_:+#t.l.I

r'ffi rfr*#i:;:lffi i*;ri'i*l#
li:*UJ,t*;tu.,"*i':Tl',""ff HTI*:ff i]r;'',
,"i:,,,,ff :,.*;;T#f .,;i.;x"T;ii,;xi51:T#.,#,il:

#ffi#d#frI}?ffi*iffi
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form ofthe variation is ofa simple shapc' as in Figure 9 2' Thus'

C.v. - Amplitude - y'2 (Per cent)

Hencc, the corresponding coefficiert ofvariation to a variation with

an amplitude of 6 per cent is 6/y'2-Per c^ent'
- lir" L.-".* *ri"r"te the coefncient ofvariation ofthe faulty yarn

b,':;i;i;; il;o coefficients of variation' 16 per cent and

:g:'.h.'.T "T: 
$x*:*.Txe?,l #: l;;,-.1t's:*:

/6\"
vadanceoffaulty Yarn: 16': + l--l

\ \t/21
:256+18

Therefore,
C-V. of faultY Yarn - r/274: l6'6 Per cent

The differencc between 16 pcr ct and 166 Per cent is not

,".',il'"rliir'"i'ui " 
g ;1a 0," 

"*' f ln"lJlilli;,f 'ffi 1'ff ';
l.ces of even )arns' From a set ol rest

iii',irr' t" ;;."r"d Td ::-.1::':*i:t#U**ff1
illustrales one weakne$ ol rePofirn8...

l'ie.,i;'.il, ;d-', "r';.'i..y"'1.-'9'1;1"b-'H":li:"f5,#,f5rT':
:i*',H::#fJr':1H:i :"'#'f,;".,. or c'V' percenrages

lii.'I.'i"""* i.ii..-.r'Jnce of detecting faulrv material'

THE DETERMTNATION O! PERTODIC VARIAT!ON

Several metho& ofdetecting periodic variation are available' includ_

i,'iitsro"ktou.d 
urapping on a tapered board-Lrseful for wave-

t" "*'"iii.-tr'*,.. tr'i" i2 in but only o""licable ro vams'

,r, il"i"r.i.-.i- ,"r''iq'.'e' - 'e""a"h "'itho& 
describd in several

t" ;;:;?c";. i; R'l and ro*nsend' P' P' J T'rt' hl't' Pt4'5

iid;ii,';"i.,i; il';, '"a serwoi' A (i' r"t' t*t"tt2z

,,' $lff []33'Jlirtll'l icatring, u -7 rcxt' Inst' r: 2 (te58\)'

i;i i;;il;;^ ."i 
'easure 

nient of the chart'

isi Thc us" of the itregularity sPectru-m

ii'.,i"ii+J ."a (s) wiil bc considcred hcrc'
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Exaninat;on-and n.aru.,naflt oJ th. (ha

.rnf 1l.ry,".,,, chart of a marerial which is llee from periodic
:;:T:',::,j'l::H i f:,j::;' i*, :;;t*.' ",'- *. f,.- 

"; 
d; i; ;;

;:'ff :ji:i',:1*:y;l;ila#:t*lii;fi :*,.".';i'n:
I:ld:*,:"1,"r ;;,; ;..i,i";-#.':,lt;frl"iil ff 

-#;:l
tact be-missed ahogether. Figure 9.23 rs the rrregutar;ty charr of ar eryrene yarn spun from I I denier fibre wirh " I l r". .i!r1..l.".r r,-
.rne,Eavrrscspeed ofthe yarn rhrough rhe me""r;;"* 

"i.ii-i.,"")"1: rtlmin. and rhe charr specd O i.],_;. ii.""., ir,.:"ffi.#]
f=j.!{,!:i;.$.1_:_1,;";".Lll"* 

;;,i;;..ij,* 
#, l#i,.,T}

-.I1. T."*.d by.hort venicat tines. Eleven *;.;;;*;i';cnafl ctrstance of3.45 in. and so th.,v,
peak is approximarcry 6:i; ;;. ;r;[ ;:;#'.:11'#ff:?,ili-J:
;ii"r:*a" 

of rhe variarion in rhe yarn ri therefore be about

sl,[:]d:"[ri+, *,,trilxx;:; *; :i, #,Tl:,,Hi r:cnect 
's I'carcrahan with cotion 6bres whose;,ait' ra,ir it.i i."",*ivary so much. Since this particular vam

ifi 6[rr5nn.*Fi.*;il']:i*::,InhTi,n;Bnce lmm.onc 
-peak 

(o anorher is" nor exactty .qrrf. 
"r.,i.,cnamderrsIc oflhe dmfting wave.

FiCur 9.j8. 3Zr oa *^ -
l!!..Iu-tOiL}- -
w:ffi !S r,#_-iir,-i;_' ; ir,.
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The tatialion iusr described has a short wavetFns'h Figures 9'38

,na S.fS tnoru .iu-ptes of a PcIiod;c var;arion with a Ionger wave-

i;";;. in. "u,.' .:.,pv 7 s in. ofrharr: qiih a 'hart conrracrion

.i io,t tt. ruu.l.ne,l' *itt t e Z S.S . J0, ie 15 in'

Fis\t. 9.39. Satu rotu at in FigN' 9 38

. 
I in-.h

B.th the €xamDles abore shuw rcry dc6nire periodic faulr' \\'h'n
rhe variation is;ol so self-evidenl, espcrially rthen the $avrlcngrh

i. i.ftu tone. lt.lp .on be oblained on ete'tronic re"rirrg inslrumerrts

i"ii,i''* 3i-.ii.r -ntrols. on Ihe Fielden-walker rhis control is

ii.:il.-ri,"'s" i .t'' and on rhe uster the sele'or is s\{;tch'd t^
:i,*i. ii. ir*, of rhese conrrols is to Lring ;nto a'tiun spec;al

.i,..i,t *fti.t filter out th" sho(rr wa\elPrrgth \ariati'ns \^hi'h
,."J',. ;""-p.,t.. r\Prs; rhe pcn recolder- trace'. our a chart

*ti.l fotlo""'tte courie of rhe rariations rrith rhc l'irecr $ar'€'

i.".i'. iir'".f-, of rhe damping is shor''n irr Ficute q 24 \ The

a,'i".a.f'-, mav then be examined and med'ur?d a' Letore'
--Wir." oo.rrr.d'"lrft the fil(cr circuils in a( liorr' llre mercr read-

irg. ",, 
.t',. integrators indicate the P:\l D or C V ol rhe Iong

r ave irregularities.

Th. ut. oJ thr iflcgulaitr s?.drum
en i.r"irtu.itv ip..i'ui" i' " 'u^' obrained bv Ploiting the

"*rii*i. 
.i ii*ei,r"'iry against 'tatelengrh 

Figure 9 40(a) shows

the type ofgaPh Paper u'ed for thh pur"^'c l'lrrve rcar s'are rs

linear and the oldinates reprcscnt rhe amplilude ofrhe irregulariry;

curved lines are used ro accommodale the s\^'eeP ol the re'ord'ng

Prin, oI Textile -34
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prn used wirh lhe Ustrr equipment. Thc horizontal scale is lopar_rtnmrc, covenng a range of warelenghs from + in. ro 20 yd. "

suppose a yarn co ained only periodic variition, i.e. no ranriomvanatronr and rhat ihree periodic faulB were present with wave-Iengts ol, sayj 3 in., B in., and I I vd, respecrivitv. Bv con(.,.;i";
ordrnates whose heighs were proportionil t ,t. 

",llpfl,ra.r, 
'ii3

rrreguranry.- specrrum of rhis hypothetical y*" *outd uooou,
romethrng rrke the one shown in Figure 9.40(b;. From this soeitrum
wc woulo gather that the periodic variation wirh a wavclingth of

r f qt r-.' 6-!- tr-6 sdqn*,

I

.:
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3 in. had the greatest amplitude. In practrce, a stland of textile
material such as roving or yarn has a whole serics of irrcgularities
with difler€nt wavelenghs, and ifthey n'ere all Plotted a continuous
curve would be produced-the irregularity spectrum. For a vcry
even cotton yarn such a curve would be as rhown in Figure 9.40(c),
with a hump around 3 in. or so and lalling as the wavete!8th
inclease3, The dotted li$e indicatcs the curve for an idcal yarn, onc
ir which the irregutarity is that due only to thc random distribution

G) 70, @rba yrn, rin. rpu
I h, cl,d - to n,vlm
C,V. - 19Frdl(rt I i..cf,d - 72 i'. vrh

G, sG&o@6oryrm in (r)

1"t 6't: "t{,.-n-,n A, i r 56rdeoti'5&d

Fieu, 9.4t . In suloi, .neb @n t et ogM of a cNonablJ @a 705 .ottat )m
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of the 6bres (refer to Martindale's formula on page 462).
The Uster Spectrogaph is irn electrcmechanical unit which is

operated in conjurlction with the-associated Uster evenness tester;
its function is to pmduce an irregiladty specrrum ofmaterial tested
in the cvenness resler. During a tesr, signals from lhc evrnncss tesrer
ar€ fcd into the spectrograph and are analysed by a special circuit.
The data are stored until, afte! 5 or l0 min testing, a burton is
pressed and the pen recorder producqs thc irregularity spectrum or

, e t)00
(c)

Fito.9.12- ld) 70' .ott n )o't da 'tw\n' Satu tM at lal btt uih a dif.,at d,rt . !t6 ian
(4 sr$bos,4 oh'@ in tL\

I i6..lu - l3 i!. E6
c"v. - 25 Ea;ili .li.d- 72i&th
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'sDectroqram'. Figure 9.41 (c) shows thc sPeclrogram ofa realonably

"lJ"t" ""i". it .-.i?r*a outiinr ofthe curve will bc noted This arises

;J# il;;;.ia;g,h ranse is sPlir uP into.thirtv narrow bands or

"f.""".fr. 
.".tt ,ppt*imately 15 per cent wide i e lhe ntxt channel

i^ 'r'..inht t 
* i.""elength I5 Per cent lonqer' At alestrng sPeeo or

;';;i:'il;;,;;,-ih?u,g"'co,e,ed is ri"m t in' to 32 in i wjth

; '-i;;'tJ;; ;4i60 vd/m-in rhe ranse covrred bv rhc resulting

I"*I**i"r"'i. r** z in. to 400 in' Hence, to 8el comPletc coverage

ti,o 
"oeitroera*, 

shorld be made'*;i:";;..i;;;;i 
the even varn, Fisure e 4r(c)' shows a hump

".""ra i S i".-flit 
"orresponds 

to the drafiing wave Pres€nl; s)nc€

ii.l'r.L"i"-ri.. ir'., tbi wavelength of a dratting wave is not

Li"..,"i.'l, i' ^.i **,i,ing to nnd it'ot the draftinS-wave cffect h

""-ra otet 
"eu.tal 

.hannels Hohever, when a P€riojtrc vaflauon rs

.'reent and it has a constanl \ avelen$h, a well dehned Peax $

iroduced in lhe speclrogram in one or n'rhaos two channels ano

i;;':;;;il.;;""&ength is readiiv obierved Figurc sa2

illDstratcs this Point."'ii;;;;;;; periodic fault is Present the sPe'trosram will

*iitii " *Ji"..*i one lnrhiswavrhe problem or picking out a

I', -r,.. .ir fu,lts fro- an irregularilv charr alone is solved lnsPec-

il;;i ';. .;;.,'.*'.* enabies rhe observer ro nore the Prescnce'

:;';#;;. :;;;"";;iituac or pirioaic var;adons jmmediaierv

;;:;;il ,i"J to o'nolvse .t'o'rs *t'i'h are often confusins ror

;;;;;;";i.;;ilrion, iuustrarions ha\e bren restricted to

but soectrograms or arr rvpes of strands of malerial'

:,:l::l l;Jfi.:i::"..^"L?..a. "na 
io' ul tvpe' or naturar.and

il;;;:;;'ilL. ii; ;ticat assessmenr or "nerrrosrams 
is realv a

ii'l',i"-i" r".ii- ."a ror a fuller acco,nr of slme or the methods of

;;i,';,h. ;;f*;;..' must be consuled The main poinr ro nole

;X'i-;; ;;;;;; powe'f'I rool with v'hich the lextile lech-

,ilil"i,..** 
';'.;;..i'J. r"t" and' armed.wirh inrormation

"r.""1i1l.it "*a.t*,h 
and character, locate their sour'e'

""i;:'ii;;.; ,p...;;;"*,"- can also be used in conjuncrion with the

c#;i;;-i;;.laritv tester T)?e 2' an iNtrument develoPed

;;l;:H;ffiil;'il'iJp-*' o'p"",.'"' or co'naur& rhe

i.i.ot-*ii. basei on tlre-capacitancc princiPle and is of sPecial

;##;;;;-,,i: fii;*.,,t vJ-" A new moier' rlpe 3' is ro bc

illli.i'i""a. t"l,-i-- *iia-jt t.''""a'tu' 'ni!s 
TvPe 2 d..k with

I':.;"t.'';;'l;;; io o roo, *t'"ii* tt'' Tvpe 3' bv-the use or'

l*;:';Ufi;i",,ing hcad', 'itt extend the range from l0 to

6,000 dcnier.
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TI{E LOCAfION OF TIIE SOURCES OF PERIODTC TAUiTS
Pfrjodic--variations may be.ascribed to two main .auses. firsrly lormpertect hbre.ontrol leading ro draftinq waves. and se(orultv i^m.chanrcal detecls in rhe processing machinery. The Inri.r.l"L i;rne.oerectron ot lhe source of rhe trouble is rhe waveler,qth of thevariation.-This does not mean rhat lhe lrouble 

"por 
is ;mmea;ar"i,

recognised brcause, in addirion to rhis inform";"!,, if,. i".ir"G;"lmust also be in possession ofsuch details as raw mat€rial character_
lslilcj, 

mach]ne settings. gearing ptans, ro rr di_.*i",;, ;;.[* ;re.cn process, and so on. He must also be conversanr u.ith the orac_tical aspects offibre processing and be a-a,e;i;;;;;;;;;;. I;,i:;vrbrauon, eccentriciry. roller slip, the eflects of **" h*,;;;
broken.gtarc. and the many other porenrial trouble mak.rs. -
, uonsrderafions ot space do not permit a comprehensive suruev nflne many sources of variation, bur a few examples w;ll i usiiate

1o-:,**_e )r*:rtyins principtes-of rouble sho.t,; ;,. .;;ii;:' "'
tlxonpt. t, I he spectogram of a cotton yarn rho*s a hu mo sorea,l-rng o\€r. severat channeh wirh rhe maximum ampliiud;;or.es_
pondrng to.a wavelenglh ol- approximatety {B ;r. fli. ; ;, .aiir;""to tle.usudl d'"fting wave aro'und 3 in. ihe draft "i il;;;;;;;trame is 20.

r_lhe spread.of the hump over a few channels suqgests thar aorarung wave rs present and the wavelen$h of48 in. inlicates rhatrts ong'n r probabty in thc machine v.hich supptie.. rhe frame wiihro:rng. urvrdrng lhe wave)engrh ofrhe rariario; hy the drafi at rh€sPlnnrng hameJ we get
Wavelengihofvariation 48

Draft at the spinning frame 2A
This vaiue.of 2.4 in. corresponds ro the waleten$h of a draftinowavc rnrrocluced by t}te roving frame. A ronfirmarion check on thlrovrng Dobbins could be made ifconsidered necessary.
Erunph^2..(*on a prbticarion by Fietden Elecrronics Lrd... A rino
l-ajl .ot,zls cotton .ount produced an irregutariry ,harr *hich'exJrrDred a pronounced periodic tariarion u.irh a ualelengrh ofi,200 in. Clearly rhe source of the ftuh ,s ar some process tanherback in-the_ production Iine rhan rhe r;ng fram.. Th.'"",.r ".;;,;,;;,rom l..z) hank stubbing and a eheck on rhis marrial reveated apenoorc 

-varra(ron 
wirh a \Lavetength of 72 in. \t,e aea.in conctu.l.triat th€ tautr must Iie farrher back in the line ana t.unif.. or. utt.,_tion to lhe dra\afrdme.
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-1he drarrftame sliver \as O 2 hank and hence the draft ai thc

a,,ii,"''",' i rt o:, 6 23. An estimate c'f the *avclensrh of the

i::,i; 
'; 

;; 'l'.i i' .,rn,;".a Lv di'idirrg trre rra'trc'gth or thc

sluLbing farrlt b,r thc slubbcr drali:

i2

-: 
Il 5in-

6.25

An i)rceularirt ,hart "f Lhe drarfr"rne 'li'clh-r'r a peri'dir

..''r",i.i "i,l , * ateltnqth of I1 25 in 'onfirminq tlre c'tima'e

\',,re: rhe arirhmeric in rhi" 1\pe 'rf 
(al'ul"ti n t' ulr'" "nr)'

";;;.i;;;. 
;"; i;; -.a.ur.men, orr rrarr" i' n'r a'\a\ 5 ' n' r 'r'

'ol'.l,lii,i t,.-',, retates (averength, drart and the diamcter c'r

the roller oroducinq the fault:' ' '\i:'i;";'h 
"rf",h 

D n I Draft herr'e'n rr'e r'u)tv
roller and the front roller

vhere D is the diamerer of the faulty roller-"'il*Li;, .r'r,;a'.* r.ame 'ho* 
id rhot the second roller u'a( the

*";.$i';;;;;;;t rr,e ror1.r di"me r"r $as I I in ar'd rhe dr'rl

i"i"*" ,i. *..,a "nd fronr rollers of rhe draqframr r^z' 3 lB'

Subs(iruring in the formula

\falel€nqlh I1 25

n:- :1125in.

The Yalue of 1 125

roller was defecfi e.

Exanltc j. 
^n ^ltern^tive 

method oflocating a fault), roller is bascd

x 3-lB zx3lB
in. confirmed the conclusion that the s€cond

',.on the formula
" ""'\ii"-.i.,-if.r ',."riation - Deli\erv speed otlhe fronr r' lrcr

- ;n inthes Per m'r'ule ' ter m'n

of rhe faultv roller

Hcnte. if ue knort rhe uatelength ot rhe Periodi',fJull a 'd the

delivery speed, se can deduce that the rzuse ol rh' icLIl 
's 

a r"rr'r

",' -".fu,1. o"" " 
t i.ft rotar cs at I he calculatcd r't r:a thelrulrv

."1i.' ". "rlrrir" ,*t 
*av then be locarcd eirher L't' d:re'.r m'a(ur e'

-.,-r ofsDeeds $ iih a iachom.ter or hy srudl ing I lre qc'rrnq Pran,oI

,r.. -.,rii"a and cal.ularinq Ihe,ev'min oflhe larious parts l ne

',.r.-, i"' i' o,;r.*ti., r,ot"r'' r"' u*" l' ; q";( k and t(caur.e'arins

",-". .' " "f",i.r, ", 
aaic, rhe r. h"el' on rh" mach:n' Lcir:q diffFr cnt

i" ii-.. 'r'*"ol, 'r,. 
diagram supplied " irh rhe ma(hi '"
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.,-In 
}<amn)e 2 the waveten8* ofrhe fault was i 1.25 in. Supouse

l;e [erNery 
seeed is measured and lound ro b. so i.a .nr,. apiii,,l

30x36
I1.25 in. : __-

rev/min
30x36

rev,,nin:__-96
I I.25

^"TIe 
ne\t srFp is lo locale a roller \^.hose revoJurions per minure a"e9b. In this exampte i[ r\ould be the second roller-

OTHER EqUTPMDNT USED IN F^ULT LOCATION
Thetse ofa.tachometei has already becn mentioned. Other uscfulrtrms are roller eccentricily tesrers. it. .SniA.y, ,""J"f. .r. ,i"r,."rn frgures 9.43 and 9.,tlt. separare dev;ces being 

",.d f";i.;;;;anct botlom rollers. Nore the special magrerrc base on sl,ich rhebottom roller lesrer is mounled.

Fi|ti. g.43. Tta .shi/t , h,to ,ou* n^oiaotoi,ffu,, "l 
o.r, * 

".)
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'Ihe B.itistr Cotton Indu*ry Rcsearch Association has developed

" ,i-"f. i"'i."-.", *irh whi;h (o dc'.( t roller vibration, a mech-

" 
J."ii""ii-" t i.r' i" r;able to occur * I ' | ' the roller has a iow sPeed

"'Jil '.r"iin.li 
'*t ip py' . ln Prineipks r'f Rottd Dtdti'ls (Pubtished

r,r:il" ii*ir.I'r"i ,*l'Foster discusscs 
':r'tler 

libration in detail and

.il.-it.r ir,l, "." "r 
t .'shirlev Ro)ler libration Detector as follows:

The in{rument coN;sts ofa m4al (ac' corraining risht rced' t2"h
,""J," . air"*t, r""q"encv. A tubber-l)red drivins wheel' not vbible

t" ,r* i'",,. irl*'* sl+s] ;rourd6 ri m lhr bottom of rhc cas' To

i*'i". ;i.. Jit.l,u ,hc i,strum.nt n held $irh thc wheel in conact

i:;6,]i * "i t"tt * ..rbr (akhoush fic vibrations orisi'atc in.thc

i,".i.- *1i.. rl., -. ,'".,smiir.a ," it" ,op roller). The drivina wh'cl

Lransmirs (he vibratioG lo the reed\' a d rlth" roll€r i! vibraung' the

,""J.n1"r, ;" in tlse with the !;bration itsclf vibEtc' with a large

,-*i,Ji, - thc photograph rhe rl'ird re'd rrom thc lcft i! doilg so'

r;;;;il;G"';'!tv'vibLtrng rted gi'e r'on a rabrc supPlicd

"i.t *. ;"Oti-art, *," itequencv oI thc rollcr vitratioo '
Hins rhus ob6.ned thc irequenv ue cm calcutat' rh' wavel'ngrh

- 'i,.'..ili" 
a'.u,..J tv the ft;nt 

'ollers 
lf the frcqu'ncv i!/vibratjoru

Der ftond. ihe time for one vibrar;on is I /se": ilrh' tront roller spe'd a

i;,.i.' r*."."'a, rhe lenglh ofro''"" d"lner"d durinc one !ibrarion

i\ t fin. This i5 thc Mv.length! therclorc.' \Varelrngth I /
lfthi\ $av"lensrh;5 multiplied bv rh' d'ilar the ndr frame the rcsult

is rfr. 
""tef-grf,-"t 

tft.t ftame, and th;s can be che'ked againsi the wav€-

i",'g,r, "u**i in " -gtlditv lrace of $e product of that frame'

Fiput 9 44. Tt''sttitb' to! nlh (tuttiit2 ktt't
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r,s@. g.aj. Th,,shittr, to s rit or. d.tol4' 
@t ot D.cr.R.,t.)

.,_Anolher ;nstrument used in lhe detection of roller vibration and,.1-l9.syr.-.ent l,us been- designed by th. Br;ti.h R"y- i;;;;
TT,ii"l; ln ptace of 

^the 
uslal rachomerer 

" 
r""ho-g.r..uro. i,ur€o,.r.r. rJrr roration of the shaft of the ;^tru_."t ein..uro uoerecrrrc currenr lroportional to irs speed. Vu.iario"s li s"..a "--ouce vanatroru rn currenr. The output ofrhe tacho_generitor is.fedto a c;rcuit and a meter indicates ihe .rh;";i;;;;:;:il;;|;::#Hfi J".ffi :l?f :i.Jf :.lfJ:iTJosc roscope or, tor permanent records, to a highlpeed pen recordei

Inceulatit, ktt;ne pnerunn ,
wI_th olher testing instrumenrs, irregularity teslcrs and

ll:lr,3soc'ated "quipl])enr mu5t be used methodically and systern_an.ary-rn ordcr to obtain maximum benefit from lieir u;. On;cannot lay. down a programme ro ,rit 
"ff -ifU of ""r*.,-l"t-l.imachines shoutd be chcclcd daily, e.g. drawf;;l, i;j;;;?;:products -an.bc-checked when co'unr iests are beins,*ja.. Wi.i.r;.

P:.ClT"Ie is designed it is essenrial that u fu,rr[ p.oa,r.t car, Ue

:o-Ttlt9- l,ln the machine.which produced ir; L'-pr. 
"ai*ii."ano resrrng must be carefully controlled. Where oni package or
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'Ihe British Cotton Industry Rescarch Association has developed

, 'i-rf" i*"r-.", *ith *hich ro dcrc' t rollcr vibration' a mech-

anit"i-Iaulr r^ hich is liable to occur *' l''':'' (he 
''oller 

has a low rPeeo

l"i il ..i^i;':.i, *i.,ppy'.ln Pri",]pt.' :[ R" r DryItins lpvbthhed.
u' I r,. r.*;L.ii,"i,,"i Foster dis'usscs ioller r ;bration in detail and

i;,.'iU.. if,l "* .f,rc Shirlev Roller \ ihr arion Detector as follows:

Ihc in{rum.nt coBists of a m'tdl cas" corrzining eiShl E d!' uch

,,re;to . a;n -nt r'.q"encv. A rubbernved diiving wheel' not visible

i" 'r'. 
rl""l. fr;g*" s:a5l irotrud* ft' m th' bortom of the ca' To

,"., i"" .,iri"" Jiui io' th. inlr,umeni is held \Lirh thc wh'el in conta't

*ir, ti. ., "i u"*- -ller {al(housh *'c vibrariors orisibarc in lhe

i.'.- '"iil, iu ; 
"'nsmitrd 

,o ih' toP 
'orler)' 

Thc driviog wheel

,'"".miB the vibratio io the r"ds- and ii rhF roll'r l! vtbratmg' h'
;J;; l" in t*e *itr, the vibratioo ;$er vibrat6 rrirh- ' larsc

"rn"r,i"Ji i 
r" ,r'" ptrot"g'apl, rhe rl'nd 

'eed 
trom tb' ldt is doins 30'

.i'i ""---t.iu ,r," J."ilv \ ibri r ins '"d gives' rrom a Table supPlied

*;tt ,b. in.*,*-,, theirequencv ol rhc roller vibrarion '

Havins tlus obsrryed thc irequ"cv "e "n calculat€ th€ wavercnsth

i, *1'-'";* aii'*.a sv rhc frcnr roiler r$e fr'quen'v iilvibhtions

"* acond.itr< rim. for one v;bratioD ir I /s"c: it the rronr roller sPeeo B

I,."i;. ,"r ,*.,a, the leng'h of to\ ine d'1i\ erd du;nc one t;brarion

is : '/ in. 'Ihis is thc wavel€ngth ; therelore,
\\,avel.ng h - I /

Ii rhis $ a!.iengrh i! multiPu'd bv the dr;[ a( rh" ne*t frame thercsult

i ,i. ",'-r*e,L"r. 
.h.r Lame. and rhE ' an b"hPCked asainr rhc wa\e'

1."*'r' .U*-,i ;' . *g,,t{it) tra'e ol rh" prod tr of that frame'

' l8t toskv ot B c LR I)
Fiss. g.41, Th.'Shnk]' kt t'lkt 'innn;, 

ktt'r
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Fiew. g,45. Th2 ,shirb, tulta oib,otioo d"k ':," ""'t 4 B"R'r')

.._Anorher iNrrumenl used in lhe deredion of rollcr vibration and,f":::l^.-.1.1, 
1"' be-en. designed by tre r.itisr, n.y", iesi.ici1$socrafion. rn ptace ofthe usual lachometer a tacho-generalor isu,s11:!1.e. rhe rotario( of rhe shaft oI rhe t"",r"_.r, *?;;;;;;;'";

liiill... 1,.1.', p."p.nional.ro irs speed-. V".i"tto* ti .p..J'p--ouce vanatrons in current. The outpur oftI. o.t o_g.n..iro, i..i.aro a circuit and a meter indicares ihe percentage ro €r vibration.I he outp ul ofrhe tac ho-generator cou Id be fed.lri.. t" 
" ".r-frJi.,.oscLroscope or, ior permanent records, io a high-$eed pen recorde;.

tnc eul di t ks ting lnetun,tus
ll^:_"ii:l _",jh 

*11.r rcsrins instfrments, irregutarity tesren andrnerr,assocrated equipment must bti used methodicaltv'and su"t"-_aucauy,'n order ro obtain max;mum benefit from *.i. ""i O".cannot ray. do\,r,n a proSmmme to suit all mills of coursc, but }evmachines shoutd be chccked daity, e.g. drawi;m;; $il;il;:producd -a1be-chccked when count iests are belre -ja". Wi.i.r;,programme is designed it is essenlial that 
" f""ft"y p-a".t-"- U.

-r^:t:l:i_:11 
the machinc.which produced ir; L'-pr. *ri*ii."ano resrng must be carefully conrrolled. Wheie oni package or
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sliver repr€sents a machine producing many similar Patkag-es it is

necessarv to check rhe o$er delive es when a perlodrcal lault rs

discovered: this confirms whether the fault is restricted to a par-

iiculur deliverv or spindte, or whether all the machine Products are

faultv-
in ,ll rBtems a frrst-ctass method ofcommunicaling lhe findings

ofihe testing room staffto thc mechanics servicing the machinery is

"-'-"ri;. it-. tul*",ory offem a service to (he production lines and

ih; brst results u." achi.ued when the laboratory staff and lhe

machinery suPervisors iorm a friendly team'

E\/ENNESS TES?INO

FURTMR READING

M@tut of in sulati,
RoussE^u, !., 8d r^roN, o. 'Vilual

T266 0963)
iou3s.^u, 1., sd u^Eox, o. 'Vi3ual

Tst. Inlr. $,P63+ \1954)
w. 'Th. M.ducmcnt

T587 0964)

-'""i.'. i--i,a '.''.,..'vi.ual 
R.sulsritv of Y'm" J 'I'tt' IBt'5''T586

a l964)

"""ni", o " rr'" n'ting of Yarc tor short Tem unA-nnN 
'rl 

xa 7'
o.38I ( 1964)

^",'.". 
:rr,ii'i'*,1-i." 

"tYam 
by VEriabilirv ot I in trnqtts' M'thottt ol n't

''- i* T*tita (B;n h s;nd.r& HandbooL No ll'p l19' t9631

^ior. v.m bi.-.w, Prcj.crion I\kd'od ' Mtthod' of ktt Id ,.trrkr (BntBh

SBndar& HandbooL No' Il, P. I17' rgfi)
' "1"-1. rra.iir..ri* ."a V:am Imgulanrv Thc PrinciPld Involvd in Ih
' E;;;;t";:-,;,;i R ";"r, 

vor. 3, crha:p. 3 (woor Ind*rri* Rcean h Ae'ia-

-ii.'". ili -. ii^rrr* of Rou.r Drattins ' 'rt'd'u't oI auin slia"i"e' \'ot 4 '
Pt. I iTcxtil.ln"irur., Manch6ter, 1958)

,;";;:;;. ;.. ;;; .;,,."", *. r' As.smdt or Yar quariq rP' r'
1-},. U* ot SL,LUo-a, , r.:l /a' {9, P6l7 {1958)

*,."."". 
^.. 

*a *^"H-sLs, w !.'Assm'nr of Ym Qualirv (B 2 A
' ll"-^""i-" "r,r,. 

v* rre*;hnrv Assft'nr. obain'd bv E'\Minalion on

fr--,i".air*ru"-a.;;J fr,*" ou'.in.a bv Erdtrcnic trv'nn$ rhB\ J'

Rcgularity of Yani' ,. T.xt. l[t. 54'

Rcgularity of Yas.' ,. T.'t. IBt. 55,

of Yam Iftcsulariry.' ,. 7,,t. Irt. 12,

Pr2 ll95l)
";;'"1;;;'". w. rh. Arsesmrnt ot Yam Qualirv ' J r'xt lbt lo' Pib6

-llT:i . H. 'rhe Er.chnic Me3.*mot or stn*. Rding and Yarn"iffili.r,-.ro 
sp."r"i Rrf.rcne ro rh. u!' qf th' ricHo Brids' ci'curt'

j. TuL IBt.1l.P44S ll9l0) -
*1i"",.. ".'ir,iiti*;ic 

M6u.m.nr or th' Iresur'nrv in conrinuou!

Fihmc;r Yam!.' 7. ral. /dt {5, P678 (1954)

*.t.;. rc";;;"i'" M-3u.mnl! of vrm lr'8ularitv' J n't' Ina a'
Prs2 (l9sr)
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v^N zwEr, c. J. 
.A pcibt. e,.o, in U.i". jtat. lNt 4n, PTgo (tg55) )e z'llw'ger Evrnn<s Tdr'r.',

v^N zwEr, c. J. 
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-i,rcgrta.iry.,7. r*,. r^,. tr, pldo i isioi -"..,.q. ,Th. virno rnk8aator, lB Consrru.rion and A;ptk;rio, rorM.asurina rhc tiv.lnB ot yar;.. J. 7.,t. ibt.4t. p467 ttg5o\uair HEw. J. ^., 
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MISCELLANEOUS TESTING INSTRUMENTS
INTRODUCTION

MLvBERS of lhe staff of a mill tesling laboralory are ofren called
upon to hetp in technical inrestigations outside ihe normal tesrins
rourrne!. 1he obje(ts ofsuch investigarions may be rhe assersment j
a macnrne s perlormance. tlle behaviour ofa new accessorv. or the
Iocatron ot a source oflr.ubte in the finished product. Thi" aspect of
tesring in its u.ider sense ofren requires speiial insrruments uhi, h
cannot be readily class;6ed. In the notes;hich fo ow rhe reader isgiven a brief-descriprion of severat of the more uselul insrrumenls.
ronrces ot mtormarion on other special devices wi be foLrql in the

rt i..,

rENsroN METERS ,il'
Tension is applied to yarns in process for a varjetv ofr easorrf-Durino
the preparation of yarns for weaving and Lnlrtine it is'usuali
rccessary to trdnsfer-yarn lrom rhe spinner,s p.;-.r! p".frig. to I
secondary paclage oI a more suirable shape ana size. for exlmple.
the yarn on a ring bobbin may be Nound on 10 a cone and used as a
supply package for a pirn winding unir or a knitting machine.iThe
apphcation ol tension ar lhis sraqe does n ojobs: 6nity, wea& places
m lDe yarn are detected and broken outi secondlv. a srab]e.ir". i"
prod uced. In the lar er stages of yarn preparar;"r, ..g. 

" 
;ra;rc:ir.-

cone to prm, the stabiliry of rhe wound package is ofprime ir;oort-
Etnce. It would be impracti.able to artempr to;eave aiabric wirhout
tensron in the warp ihreads. Weft rension. too, plays an impoflant
pafl in the succes(ful producrion of a well woven clorh.

It.is not sufficient to-think onty in terms ofapplling trnsion bur to
consrder the conrrol ofthe lension appljed. Thiconrrol ofrension is
a problem which har confronred textile men for many years and has
led to thc inwention_of lirerally hundreds of warp ici_off motions,yarn tetuioning devices, etc. The introduoion of *or. u..uror"
tcnsion meters has enabled the pcrformancc of such devlEes to be
mvcstigatcd, €spffially in casca wherc the tfnsion fluctuates rapidly,
as, for irutance, in pirn winding.

532
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The measurimint of tension is made by tensometeft o. tension

mete$;these may vary in cost from a few pounds toseveral hundreds.
The diff€rerce lies in the fact that some instrumenls are capable
cf recording a"curately variarions in tension which occur at high
speeds, and to accomplish this the mea*uring hrnd must Le plechion
eneineered and ;rs oulput fcd (o ele(rronic amPli6e!s shi.h in turn
feed high-speed pen recorders. The three-pulley system is commonly
used and its basic prirciple is shoun in Figurc 10.1. P. and Pr are

lreely running pulleys on 6xed centres, \'hereas P3 is capable of
movement at right angles to a linejoining the pivots of P' and Pr.
With a t€nsion I in the yarn the centre pulley assumes an equili-
brium position u here the resultant oftwo forces racting atan angle
d is balanced by a restraining device linhed to the pulley Pr. The
resultant force .R is given by R - 2Tcos !0.

io.r6lzo-

rorce I bolonc.d by sprinq
s/sL.m of ten3'on mete.

Fisd. t|.l. Tb the,'P'nt.t t B;o4 tut r pli iPh

The movcmcnt ofthe centre pulley is thus related to the siTe ofthe
teNion in the ihr€ad. In some simple tension meters the centre
pulley moves against the pull ofa spring, and a pointer connected to
ihe centre pulley moves over a scale to give a direct indication ofthe
tension. Such 'direct reading' tension meters have thcir uses where
tcnsion fluctuanon is low. In order to give a \a'ell spaccd dial thc
movemcnt of the centre pulley is fairly large. When raPid fluctua-
tions are present the inertia ofthc moving parts is too great to allow
'thc mcter to follow them. Further, &e oscillations of the pointer
maLe thc readiag of thc m€ter difrcult.

In the Zellwiger 'Uster' lhrea l-tension gauge the Pointer i!
coupled to the centre pullry through a spiral spring, an armnge-
ment which prevenrs thc rapid thread-tension variations from being
tansmiii"l io the poin';r. An air','3-'!e fixed to the !,ointer provide3

Prin, of Iexlile -35
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somc additional pneumatic damping and the net efect is that the
pointer indicates &c mean thread tension. Th; measurernent of
mean tensions is usefirl ofcourse, but the cause oftrouble is often
suddcn pcak tcnsions. In order to mcasure thcse a Zell\acgcr'Uster'
rnodel is a\ailable \,!'hose pointer has a very quick response 1o
incrcase in tcnsion but a slow retrrrn. Hence, a succession of peak
tcnsions kccps the pointer very close to the maximum readings.

Tensio. t'o au.r

F;sut 10.2. Scn tutu diasta ol th. B.R.Rrl. b$bn t tudw ond tsaciotcd ayirtunt

For detailed practical inrestibation and for research, a recording
tcnsion meter is necessary, One such instrument has been developed
by the Britisl] Rayon Research Association and described by Butler
and ]i{orris in Technological Rcprint No. 6. The instument,
Figure I0.2, consists of the usual three'pulley s)'stem; the centre
pulley C is mounted on a cantilever spring s),stern. The small
deflectious of the centre pulley cause the flat springs to move be-
tryeen the plates of a capacitor system. In this,way variation in
tension differentially !'aries the crpacity of the sistem. The move-
mcnt is damped by completely enclosing it in oil. The 'transducer',
as fi€ measuringhead is termed, converts yarn tension into electrical
capacitance and can be used in conjunction with any suitable
electronic unit capable ofprcducing an elect cal signal proporaional
to capacitance. Thc signal can subsequently be indicated or
recorded by m€ans of an oscilloscope or any oth\er high-speed
recording device.

Another type of el€ctronic t9nsion meter is described in Ra2oz

.R.rir., (Dec., l95B), In this model thc centrc pulley is mounted on a
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pair of flat springs to which strain gauges are boIldd. Defl€ctions of
ihc cantilevir springs result in changes in thc resista[ce valuca ofthc
strain gauges. Suitable electonic circuits convcrt thc changes into
pen movement on a high-speed pen rqgorder.' 

Some of the problems of tension m'eler design are discussed in
grcater detail in the references.

FRICiIION AND FitOTION MEASUREMENT

In a prcface to Frirlion in T.rtihs the authorc state: 'To a large

extent, interfrbrc friction determines the behaviour of drafting
as,semblies, the strength of yarns, the wear of guidcs in textile
machinery, the tensions developed in fibre- and yarn-handling equip'
ment, the possibility ot felting and shrinkagc, and even the feel or
handlc ofthe finished fabric.'

The importance of friction rleed not be stressed further. In the
present chapter the measurement of th€ friction between running
yarns and solid materials is brieffy discused becarr.c ofits relevance
to thi orevious aotes on varn tension.

In tire study of mechanics, lhe read€r will have no doubt made
calculations in which the equation fr/4 : exp(pd) is used..Poter
transmissioB by belt drive ;s often the subject of such calculations'

Fieuft 10.3. Bt" ailtiLidn fiituilh at ndbb.U&nt
T.olion in iighr sid. T,

= _ .xD(so)
T.Bio, h lkl .id. T,

In the equatio , fr is the tensio! in the slack side, f, is the t€nsion
in the titht side, d is the angte ofcontact or lap, and p is the co-
efrcient;f lriction between rhe pulley and the b€lt (see Figure
t0.3). In many instances in texrile pro.esses, )arns Pass at various
speeds over surfaces ofsteel. chromium; ceramic, plastic, and so on.

Under runnine condirions, lhe relativeli simPIe relationshiP befl!een
the input and output lensions do€s:not strictly apply becausc

research has shown that thc coefrcien{ of friction is influeoced by
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such factors as the size of thc input tension (fi), the radius ofthc
curved surface, the yam speed, the temperature, and thc atmos-
pheric conditions. Nevertheless, rhe basic equation may be used to
solve- many prcblems even if some pir.ision and ;--uracy is
sacrificed.

A numbs of instruments designed to measu.e the coelncient of
friction between yarns and solid sutfaces are described in the
literature on the subject, and an excellent survey is provided in
Ffit;on and T.,t;l.s (1959). Two meters devdoped bithe British
Cotton Industry Research Associalion are dcscribed in the B.S.
Handbook, but fo' 'r'" (ake ofcomplfl..oss the pr in.illes on $ hich
they are baled \aill be considered h.re: rhe acruat tesring pro.edures
can be obtained by consultins the B.S. Handbook.

.Kin2t;c friction oJ)am asair.n .cl
In the original instrument, designed by Morrow, the pulley
system was mounted v€rtically, but the modern venion is used in a
horizontal psition (see figure 10.4). The ya.n is led round a loose
pulley B after passing through a tensioning diag, round the ecc€n-
t.ically mounted ste€l ring C, round thc loose pulley D, through a
guide eye, dnd on to a take-up drum .!l.hich can wind the yarn o,-n at
60 yd/min. Under running conditions rhe steel ring C is displaced
through an angle o whose value will depend upon tire coemclent of
friction p. The geom€try of thc system is such rhat the angl,, oflap is
virtually lB0 degrees, z radians. Let the system be in equ;librium
with the yarn running through rhe insrrument. Ther,

T2
_ : exp(pz)
Tr

Taking moments about P,
r, x (r{OS) - u, x (r-oS)

Since OS : OP sin o,
,1 x (r + OPsin d) : Z, x (r - OPsin d)

Thcrdore,
T, r+OPsina

r' r-OPsino
Dividing by r,

T,

T,

I { OP/r sin a

I - OP/r sin d



I{ence,

Therefore,
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For a givcn instrument, OP and r are constants and thereforc

OP// will be constant. Let OP/' be "rf.

T, I *ffsin"
Tr I -.lfsin o

I *ffsino
*P0,") : 

-

I -,ly'sin o

lnus. thc coefrcirlrt of friction p can be calculated by reading lhe

value of the ansle e In the actual instrument' catcularion is eli-

minal€d bv cau;ns the angular deflection lo be recorded by a Pen
.o u "lr"ri* 

.t uti"" whiih a closed circlc is traced' The radius of
rhis circle is dirertlv relaled to the anglr ofdeflection and thus to lhr
.alrre of.. A transoa-reflt calibration scale, on which circles corres-

oondinsio various",alues of1r are marked' is placed over the chart
and lhe"value ofth€ coemcient offriclion be(ween the yarn and the

stainless steel surface is read off direc!ly.
Before a test is carried out, clean and scoured cotton yarn is run

throuqh in order to removc any traces ofgrease from the apparatus

becauie this would affect the rrsults obrained.

i.,L\/

)/

l'
FiEd. 10.4. xirati.romlrntb, tut t (:idto@)
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Kinai Jn(ion qf)a aeainst an) sotid natriat
The .instrument just drscribed does not enable lhe operator to
substitute a range olsolid malerials for the steel surface. liucue andPollill dcsigned a direcr-reading ;nsi,rment in $.,...h rhe tF5r
conditions of friction surface, rension, and sDeed can be rea.litv
varied (Figurc 10,5). Afrer passing through a rensioning device, th!
yarn is Ied round the lower oftwo imall putieys at B, ro;d the f;eet;
runmng pulley Cr, round rhc friction surface at F. round Du .;
Cr, round thc upper small pulley ar g, and fro* th.r. t" . ;i;i;;
drum. Thc.puleys Cr and C, are mounted on unequal arms at ai
angle, lhe lcve! :;ttem being pivolcJ so tiat undt. running co._
ditions it. wiU assume some posirion giving an angle { bctwein the
arm ot tic lev€r and the linc through tbc centrc of the friction
cylinder F and the lever sysrem pivot.

Fise 10.5. kinai. )t/n finti@ tut t (Dtckh aan poHut
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Let , bc the angle oflaP.
Then, T2

- - exp(po)
Tl

Taking moments about the Pivoi,T,xL':T'xL'
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Hence,

i.:;.:exe?E
From tie seometrv of the instrument it will be seen (hat 

''/'!is depcndent 6n tie angle d. In rnarhematicll termswe say that d is a

function of rr,
$:Jfi")

In practice, it is not necessary to measure the angle d and then

calculare , from a formula. Instead, a pointer is attached to the

lonscr arm ofrhe lever and the value otp is rcad offdireclly from a

caliLrated scale D. The dimensions ofthe friction cylinder m tt vary,

e,g. the value of ir for rods of various materiah and of ( 'llerent
dilumct.rs mav be rcquired. The jnsrrument is calibrated for a
cvlinder of I i;, diameir. but a Tabte ofcorrections is supplied with
the instrument to cover objects ofvcry small tadius to those \'r'ith a

2 in diamcter.
Srncc the coemcient of friction is sensitive to the input tcnsion and

to thc sDeed of lesiing, i[ is nccessary to rtPort these values r'hen

ouotins lhe results. ilere again' thc instrumcnl should bc thor-
oughl/cleancd by running through some scourcd yarn prior to
testing.

Tt{E STROBOSCOPE

A stroloscope is a device by which a rctating, vibrating, or reciPro-

cating bodt is made cithcr to aPPear stationary or to -move 
lery

sloul;. Su;h a derice is obviouilv useful wben rapidlv moving

machinc Darts and mechanisms must b€ observed under running
conaitioni. ln addition to observation ofthe moving Parr, it is also

Dossible to m€asurc the frequency of the movement, e g' the

ievolutions per minurc ot a spindle or thc travcnes per minutc of'

sav. a Dim wuldcr. Mcchaniial stroboscoPes havc been used bul

mli"rri inst."menrs 
"tc 

usually based on lhe SashingJamp principle

add the notes which follow are concc,rned rvith thase tnodem stro'
boscopes.
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Suppose a disk marked s,ith an arro*'as in l'igure 10.6 is rotated
at high speed. The phenomenon known as persistencc of vision, by
thich an image is retaincd for approximalely ird sec, would cause
the observer to see a blur instead ofa clear pictiie of the arrow. It
howerrr, the disk is illuminated by an int€n;e iiglrt which is ofvery
short duration and lvhich occurs t'hen the arrow is in one paiticular
position, ihen the ere retains 1his picture and rhe disk is.fmzen', i.e.
it appears to be stationa.y. This frozcn picture \,!,ould also occur if
fie flashes of light happened only evcry third or fourth revolution
ofthe disk; in other words, iflhe number ofrevolurions ofthe disk
per rhinute uas a whole number muhiple of th€ frequency of rhe
flash.

Fi|u,. 10.6. Th, tt,oba.ot. p -..:tk.Anint yi uniution ol tt lotatino dsk dt iht ,Ddk
ol t y., utu4 t itn !.,,tu: thr ffiou olitu dnk b;hb.d a.timn\
Th. duo oa ol LU f^h tut b. wr $o,t i, ndd to abtoi; d J.dt pi;.

Ivhen th€ rate offiashing and the rate ofroration do not coincide
an interesting thing results,the moving part appears to rotatc
slorlly either backrvards or for$.ards. The reason for this will be
understood by stud,ving Figure 10.7.

Ordinary filament lamps cannot be used b€cause they take time
both to heat up and cool off. Instead, gas discharge lamps are used,
and these arc triggered off el€ctronically by a cilcuit rvhich controls
the flashing mte. The duration of the flash h measured in micro-
seconds and may be ofthe order l0 to 40 microseconds rvith a flash-
ing rate up to 15,000 flashes per minurc. The controt knob of the
rriggering unit can therefore move over a scale calibrated in cycles
or frequency per minute. For instarce, ifthe lamp i! directed on to a
rotating wheel and 'frozen', the rcvolurions per minute \!,ill be
indicated directly on rhe scale. It could happen, of cour.se, that rh€
shaat \1as actually rolating trvice or three times as fast as the scalc
indicated but, in gcneral, the obse.ver would k'now roughly the
€xpected value and m€ntally corrcd the indicated valuc.
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/.aa:\

ncutto7.rtua,,.r^i:,ttifr:iti,:j:i,ii#f J!{,#f:il::';:;#it{"i,J#'*r=r'r!'i*iir['r';ix:t

It is orten very userul ro trisser"off-th::,?:ii]:$:?,fSH::
maehine observed. In toom siudv' ror ex'" 

Ii,i ,il. ,r-;.* .a:*"a
loom can be triggered from the cranrsno'' '-ir,.',"..- i'E .l i.. r,
so that the flash occurs at any selected Po

,hi. w,v the flash rate is accurarery rocked to the event being

:t:'.J:i. :;: #:ili." *.'I','l'^'.i1,'L',:[ill",l:l; 
",',,"'"The measurement orv'^ "p'""' ".'"J'l#iiii., ,.J p..a*,r."

order to check machine performance rror

;if"':i il[, ;i- +ii'S::::'rXf.:l]t,]::':L*: fi ''lff ::,'i
'ffi ''i#ff rrff i$rtti;1[+i'*+t*'**l**lin the hand without causing latrgu-e'

:l..i:.o.t;: ii",'r'i"g risl" iJ housed in a rectansular box (Figure

'x;l,riihli*i::ls""tf ,;"il,.l xr: il'i':::"i'il
i:L ;*L*'[il*r,*lli::1ff ::'l'*'.\Tlrulii
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ln:,f::- t*il".,h.."ugh t}e insrrument the frequency ofthe flash
::::'.'X;:,'t1'ff *::'ip-.1r."0,."" ." u.u; JJ. il J ,iiii
:::il,". il. n^r,.. p*-,._ii'li ;r.".r..T::*:t[i. jJl,T":
li*!1"'"u"'"', ir the pullcy 

"peed 
is. m,rripi. oi;;.-;.,hT;

',i:iffi" 
*,lt*.'.::',:lJlj:',T,T. "nd 

tha*he radius or

:r:;i;+: r;';ru]:Iil: i::T x-'ltl f, ;*#{T: ;*.H:
%zlaxfi

o : _-- yd/min
36

I.X;:5l:fft*" '0 
rlashes per second and r be 0.5 in. Then rhe

2x22xO.5x70x60
: 367 ydlmia

7 >< 36

l1T.:i.ff"il.r, 
O. ,*d dircctly on a scate bencath the pointcr-rype

Figu. 10.8, TtE AtigctB.RR.tl.,S4cdott,, tad $att intkarot
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Y'i1:'l:xllr*i;l::::llm';:l't:u'ff [T]l$"'ill':i
l:ift ,I,':;:,IlJ.r',:lllly*:":';f H;.J|f, :ffi*l;:,,-r.:.,.x..-.d Ncvenheless' rne IIEar ]'
"eL"iff illilri'"'"ril-r"*t;,;;.-:tl*:^;;l',:',':'::,",i;
yarn being put on to i PaTls.c^:;::i'i..? 

"pJa.ln 
rig"..- to.s

speed of rhc package-u:::':':ff.::;;; ihe ,es..ltant of t*o
the net \n'lnornts ''*,'-l ll-i-^,r".. Thus, ihe net winding ratc

;:lf 'J:,L"'gll:ifl :":',':iJ.,-aI,*j;HI";:',:"':iT::l
rzL Thc angle 0" " s:*1,"::.:.1,: ij',11,il'L"",r-^"r, r'", *r,o. ,t'.
package the surface vetooty wut -"j?"" J inj rirn 

"t "ro, 
*"

wound packagc has a c*"YY::::'^:";. lfiI.. i" rig,'" to.t0,
surfacc velocitv.changes .'TI-"::j";;i l"; air.. .ia uu ,t "th€reforc, that the nct wtndmS raLG /D'

coil angles 01 and 86'

Fi'd. t0 9. Th. wt uialllaE tdt'
' s o lolalLLtilhd to^oe'

FiM I0 l0 Th'.l$t on hl tut

t;ddiaq tuu of a 
'@tot 

Pdos'

##ffi
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rHE TACI{OMETER

1--:1T1"*. is an instru&ent designed to measure speeds ofvanous.lypesj e.g. roradonal speeds ofrouen a.d g."r.: ;..,";.;;;.;;or runnrng yarns and fabri"s, and sur{ace speea. oi.off"r., 
"t.. ifunf,ta.homerers of a mechanicat des;o" ,n6y 66 b;J 

";";;;;.i;;;rl:l|q. Thg di+tac^rmenr of "fly*e,gr,r" on rhe rorared shaftagarnst ihe resrsrance of a spring G appioximately prop;rri;;;tne square of rhe speed. To give sready readtrg. iir..;;i;;;;-;;.:
l_e.ll j; aa-n.a; a hisl-q;lity insrrument usua y incorporatesprotecuon agahji sudden accelerati.ns .rd "p..;";;;;;-;i"range. Range switches enable one insrrument to operate over,*l:1..:p*9 ranses, e.s. 0-s00, o_s,ooo, 

",a o_so.o'oo l.,r-li'
-r\ua,ronar 

speeds can be measured directly by pressing the shaftot 
_ihe 

kchometer on ro rhe shaft or spindli oi tire -,i,;r* ,.i.

^;iii_tr,irj:tils;*:fl :il*:nx.T*;i::i:?,?:,i.""ffi :::o, the. d isk- against lhe moving surface. ff,. a;"_J,., 
"i 

ir,.'i;riii
l_,ll_,P' li. ",.h:. 'f:.a ;, rier pe. -i",ie t";;;;i;;j;;;tt,tn;tne rndrcalion on the dial by somJsimple facror such as 2 or t0.
Eb.bic tachomctrff
An flectdc generator with a constant
and roaded'."ri " ngi,-l*",illi'",:1,.l..lffi::il:i-;:',j'i".ll
v-o,rage i! hich h nearly propo.tionat ro speed. A1;.;;,"r"#;:requres a commuhror; rhis is a dhadvanrage b.."*. .o;;;,;iJ;are subject 

-to wear and tle br'shes ma/ ha,e "".j.bi; :;;;;;resrstance. Modern ete.rric tachomere$ employ an "1,.;.;i;;-curr€nl generalor \4.hich operates in conjuncrion u irh a recrifier ania moving-coil-voltmeter. An example oia self_*"trir.d i;;;;*;;;rs u,E rmrrns )arn speed indi.ator which is designed t" _.u",rrlthe yarn speeds o[ knittins machin..
Whcre iequired,,r,. g?"..",i,g,,r, and rtle speed indicarineun,t can b€- separated by consid"erabte dt"..;.;.J iil;'I;screened cable.In addition, since the instrumenr produces an electriicurrenl it is possibte to fced rhe output io suilaOfi p* *_.a"^ 

^rjto obrain.permanenr records of speid variati.r". il;;;.filil;;:
-be_en 

exploited by rhe British Rayon Research e""*;utior., fo,. i,-vestrgauons rnto yarn irre$tariry caused by farlty ..1t .;;";;.;;.
-r nr output,trom a small tachogenerator is'fed t. ;. "_piifi;\;'h;;ln rurn teeds a sensitivc pen recorder. Examination ofihe traces;spced variation enables troublcsuch o uler vib.rli.,, ,. b;;;;";Jand lo.ar..l
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T}I E ULTRA'VIO: ET LAMP

ur+t*stN*g**xl::ffi

ffim$ffiffi
to? 

"o,rr.. 
of ,t,.,-'iolet radiation.'ts,the dercury vapour lamp'-in

i'Fi*l*ql*r*m:+t-ru*ffii'iit
not visibte light'

1 rminzstatt, luut xean' Yd lh"lyT:L"cffects concerned with
il*....."." and phosphorescence 1'"'r'"ii. <iiii. 

-.ri"" r'a,a.
the result of subjectins malenars. ti 

l'ii"'r.Jr." 
-.r 

dyes. It is of

#f5i{fl,',ti*Hi}"lg*t*fr ir}ffi
:$r:n;ffi .!:F,:"fi :T:, f#ii::: :i*;nlr*,::
:::',,'Ji,'J"'.,:lf :|':tr ll'i,",'ff','Jii'i;;;; ;it u'""ioret t""a inr'a-

*'#:i'"'fril;-*gr'1.:Tly1y.".HIf 
ii:*:;"-1y,;:

*[*+il*}lirri*S.:.r'i*''itl 'r
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on.it_but stops as s.on as the ultra_violet rays arE cut off. IItheemission of visibte l;ght conrintcs even *hrn rhe ,1,."-r.,;;.;'r;,1"
are cur oII, rhen rhe rnareriat is said :: .phosphor"s< -; B.i";'inb.ilcome under the more generat heading of .iumil.";;.. ;i;;;il;powders are nos commonly uscd in washine po"a.." ura on "".,*.rumrnous parnt conrainine catcirrm s,lphida wi phorphor;;-i;;
hours in rhe dark after exp-osure to srrong.unlight. '

E;aninarkn oJ nar.aiats in ultru-tiot.t tisht
The ultra-violet lamp is often used iri the early srases of in\csrio,_uons rnro the cause ofstains and srripes in wor", 

"ra 
f.rirr.a f.i.i.r.srarnsare otten rhe resulr ofcontaminalion by _.rrl" ."d .ii- ii;;srained fabr;c is examined under an ultra-violet l"_" ,;;';;"discoloured part appears rarher durr*,r,",,r,.1.".'iii"p"'.iiur,ti

ofmetallic contamination shoutd be considered a"d .h. ,;.;;;;:chemical resrs made. when "." ."""i;; h;';ii;,';.5;;l':1';
fabricsare manipulated and handled by mach;re* ft i. ".A,,-" l^]
surpnsrng tha( now and again minure q,onrtri.s lf m.tirlfi. ,.i."marter get rnro them. In rhe !et' end ofthe p-.."i"g, arrrv p;ri..
rr ater.supplies, and becks, erc., a,e sources o'f r-rtrclr"" "*["-i.'.y:,y' glg" of uarer can be a source 

"r i.;;;;;";;",;;:'t:so'oereoJornrs ol ranks and becks rr,ay be rhe eaus. ofr orrraminaricnby lead.

^A 
stain uhich fluores.es .ould indicate the presence of oit.Cenerally speaking, the vegetable oits do nor fluoresce ro anv o.",,rxtenr but tie mineral oits do. parricutarly tl,e I.* ".ll;.6;;-Jl!'p*. :,1.: mos.r tubricarins oirs used for .he -..hi,"; ;.;r nrrar. ll rs evrdenr rhat oil stjnr qiU usually fluorcsre stronglyunder the ultra-r,iolet lamo.

.Under suirabte conditio'ns rexrite material may be subi.(red ro:nildew auack. A region sutrering from mitde\.\.'iU nr.,.1.. ""r,"strongly. The 6bres shoutd be ;min"d f,.,h.. l,; ;;;;;;:jand. chemical rneihods for confirmation 
"f ,I; p.s.ibiti;-;mildew.

.Increasing use h being made ofrh. so_cafled ,^pri,.rl t,leach,. inwlich a 'cotoudess dyei is appiied . ,h. _",.:.i.i ;; ';;;.' i;nerghten the brilliance of the 6nishe.t .oods, ..g. , 
".lr;,. g".;"rrwill almost glow wirh-whireness. The ffrlorescent agenr applied maybecom€ degraded and lead ro ihe discotorrr;"".i" 
"f,iiJ_"-,.:llior a-change in shade of a coloured one. Under rhe utrr.rr r"ter ,amlrrhc. fautry. parr wiu be.duu rompare..l ,r.irh ,h.;i;,;ly ;;;,:....;1regrons ot the rest of rhc fabric_
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i#,;*ry,:X'::;{r"!,'5Siil-{*,"::,*:l:;:fj.}J,"" :?::lt

#:,Iihlf,,}ffiat:}iJdlfr,'j''ffi
uhia-siolet radiation. . rr-usscs the use ofulrra-violet

I" his book FrDre llirrorop)r' stoves olsc

light in mi.roscoPy let-h-niq"tt ..,, --rtions rhc use of the ultra-".:draer (Tcxt. Lab. Man'. P ttrt) met

ua"JJ ili, J i' i;. ;;n'lincarion or rabr;crrnisilil'iill-,'f.XT;
r+ i" -ainied out that some conlusron (

.i'.rirv nr"'"t"" non-resins are present'

YARN TESTINC

rhe incr easing demand lr,1"l'-r::1,'::',"#::li-X:li.lXIi:""*
resulted in greater atention berng Ji"ro '
ii,i.*l* i.'r, *.-ar at the.windinE-processes P;:'J:H i?:X':i
""'r' - lfl': AJ^1',.:Ll"i5il,ifll 

-*ers orerectronic restinq

E:li}::li1::ffi 
'#;:i:::il;:XX;},j;;':ffi 

:'^Hl;
'i1,::T:.':il1:::'.',",'.li::jji:""..1: tj;ffHt :*.'ff :
the srit or comb l}"e, ' *'iI':c. ?::::i;,iil .-. ., ;. n""i. ,c
,ance pr;nciPre ^r.in some '|T:'J'j";;]';;r;'.i; say I20 un;ts.
ccnual power supplv 'ld '9**'.?'I ;';il,taii" ""a 

,11*.r-. tt .
The sensitivitv or rhe deartnq untt-s 

fiiiil"" ,r,u p**" ,tt,.,gl'
severitv of clearing can be controxto'

i;:iil;';;t' ih" 
"isnal 

is transtared inro a mechanicar motron

and the varn rs cut. 
for irregularily the inLidencr

Wheniesting varn in.th: ti*'i''lv-;;..;J.. 
Nererrheless. thcsc

of a slub is,10 us€ a sta'i"i?l^":L'.lli.;;;ca 
rr.,e q,uritv "rth.

;ff #.T.i:i5i ii: tii::1, ".x m::m:;::::i;
ro colleci su$cienr dara abolt stiDs 

-4,sulo;' ;;oJJ, * itt' "t"nau'aro examine lons lenslhs ot .I'*:, -1,;;;1" '.r..rers on a small six
irregularity tesrers' Bv mountrns"et€ciiilrl"i, 

i"',ur. - *'.v *,
:';*:#: rru*f:x,#"lil'J#;; ;''ec6sa ry amoun'i
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ofmaterial. Since the yarn is u,ound on ro conrs it can be proccsse.irn the normal way and wasled yarn avo;ded.

r he test yarn is wound r iLh the +nsirivit) olrhe clearing un;t ,erto detect the smallest fauhs irh;ch are consjdered by rhe miltmanagement to br of importan.e. A" ,h. f"ri;;;; ;;;r,:l:mounted on 
.cards..examined, ctasified, 

""a g*a. j.. if,..erJai,ir'can be,made 
.againsr photographic .,.rd;.. Th.- ;.r,i;-;:recorded on suitable rest sheets md ":::f ards c. n b.. A;J ;:Thi Ty;:':f,"lrT:*$ :$..:,:lf,]quatrly can clearly be useful in the'ii

the tabric producer. vestigation of comPlainls by
In the ,Quatitester' 

the wiodins unitr
unit are arimounred ;;-";;;;;:*j:"':.t"*er supprv, and grading

:r;*,*:;l*.i".;.:::;:t;"ffi; :=::ff :t,:Tsilf, .:"J,tl.iJ

NEP COUNTINC

I'"',ftrt1iffi'*.f L?:;:ili,lfr':,,;;'.ffi f *:T.:I.*
l"'i,J':,:'Hr'til.i:i;Jl.l',x*',+*:*irjT'T,.J

*e,mr++#,:p:,;;$fl+ffi
.._Some 

ofthe neps may be removed during carding and at the samer,m€ more nep crrated. The comber is, ofcou.r", 
" -r.f,i.a pao.o.subsequent to.arding where nqx can be remoyed. Even so. morenepran be produced in rhe draftiag zones oii.,A;il.""Iil.ri:resurtant yam contajns nep. lt wJutd be uneconomical lo removenep,by aE eficient yarn ciearing a.r;* ar.;g *;rjir* "l""Jiil

U;'r"1, *'P}r'f**-.,;:i:lm***
:S,i"{f p-1i".8ffi H:;Lli?1.11'r,l;ir,m;ih:n
may not march the propnnioru iri thc t
jlrc..,s ;;;".i,il*fr 'ffi;T ;::. ffi Jffi ,':,'..:H:#l



Counline n Pt at th. rurd
ih" ""'".ir*..f, *rd rreb i' express^d as folloss:''."" [,",'i. ir,. ""-l,er "l 

n' p' per I0n inr "r'card seb' Iolmin r

" -*'iaa"ra L,"r 
"r,r;rer, 

j 0 li on d 'atJ {0 in. r'ide At r first

i..o.crion;t qould.ccm rr"te"sat) Io ' 'l'r't a !r'b frnm the card'

""Tr,.'l u.r' a I 0 in.' I 0 in., counr rhc r'ep' and corrc't the num-

i.'-"ii"i,.al' ^.-"nr ro, uni a;m.,'n'. ri hank and card widrh'

;; ""r;;ii;;. 
;. tast h not so simple lt is orten dimcLrlt lor the

"i"i^..,o decide nhether a speck in the wcb is a neP or nol'

ir.r."i.a'.."",t bv the same otlst*"t t"'" result in different ncp

:::i;;.;;J;;;" .r rhe probrem bv thJ shirrev rnsritute !ed.to

#;;;;;i;4. "impli6ed 
tcchnique or ncp counting'-A fuller

.'*il-i'.iir.. ,*, " dicribcd bv Linncrr tJ' T'xt' t,nlt,52 P289
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i66ili i;';i;,.ille the present notes ire Iargelv derived'

lBt 4\ 
'J "l 

tt< B'nii c't 'n 
hd n' kw'h )rqihqt

Fis"/. i,,l t Q:). C,tt ctid of tutd b'b 
'drgk

Prin, of Texlile -36
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Ir ,m cach side ard rhe mi.ldt.,.f rtrc card samntes of rrcb arc,,ll.,rcdonblackboards.itiin. 5 in.. and o!er-rhe rop ofeach\.b samplc a counting remplalc is ptaced (sce Fisure lb.llfbj).
This is J l,ll(k.pa;nr.d meral pl.rrt. .ll in. 5 ir,. . { ;n.. $.nh
3+ round h(rcs in it, cach holt or.cclt bcing I in, in area. Dur.ing rbe
cotlecri(,n ofsamples the card continues to run.

lDj r.vk,, ot tu atnnt cot6 tnrwtD prao.r 3.,\,!k,)
Lisuc 10.11(.b)- Cbbtins t hlkt, ?tad,t oM tdtd @.h enll

'I'he number of neps in each cell is not counted. 1Ve do rot,
lhcrdfore, obtain thc mean numbcr oI neps per square inch in rhat
\!av. Inslead, Ne cmplo,v a melhod based on the stitistical characrer-
isrics ofthe P(,iss,rn diltribulion. In each cell there may bc none,
o,'e. r$u, rlu,.c. ,r... ncps. Th. trcquency distribution ot rt,,.e'.\,r,r. .r 'succ^...s i, ,,f the I'oi.,.rr [.rm. the ncps beinq r"n-
domlv occurring c\'rnts. Thcrcfore, if .V ccilS arc obsenert, rhe
number of cclls in rrhich no ncps occur, i.e. no succcsscs, \.ill be
gite-n !y the 6rst term of the serics, -\'cxp(-,r). (See Chaptcr 2.)

If ILc numb.r of cells contai,,i,rq neps is r. rh, rr
.\ r :.\'exp(-'n)

I r rl,, l(st. rlre number ofcclls conrair,i.g nr,c or m,.rc r,,ps is
.,,untcd, thus giving rhe value, r. t\'e can norv derermine, z, rhe
rncan number of neps per cell.

logro,ir' - logro (.V _ x)

loglo c
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The Shirley tcmplate has 34 cells in it' hence -'\y' is 34' Wc have

' los1o34 - loglo (34 - r)

Therefore,

Ioglo e

1.531 - logro (34 - r)

0'434

Having derived tbe mean number,of neps per,:Xt]il: il:1,'i $;
ce , mi'rr ; p\ in g bv t q" ry""i9: 11: ::1,;:iii,'."*,iii"* 

" 
r,d.

samole. The labour o[ calculaxon Is avol

ill,i"'i"i.-,i' .r,,,rned $hen t, the number or cells uirh one or

more neps, has been counted'"'ii." 
"Ll 1.,.t, "n, has been denned as the number of neps per

r o,i 
'i*' li .,'i' i'"u i"'mins a standard hank sliver or 0 12 on a

il"a no l" *il" lrir,. samPl; web does not conform to this standard

the nep count is given bY:

hank sliver card width in inches

2lx'1
o 12 40

x hank sliver x card uidth in inches

100

Even rtith the aid of the Shirley templare' rhe test srill depend's on

lJ".,r." .u..^",;*s' and rhc'efore in order to obrain repro-

::;hr;';,i;; set of standard ncp boards are arairabre againsr

:i::;;.;;";;". he crre'k,d and rrained rr i'5 rc'omm€nrrcd

iiili i,. *.. a"-*. be ,scd ri'r parti' 'r:r comoari'^r'\ and that

llii"r.'u"r.a, "'. examincd in random "rd'r r;d Pr'lerablv all

co'rnred on rhe 
'ame 

day -' ' r'scribed has becn exrended
The principle ',r.neP counrrns ru"t o'::il;; 

]. 
'i*r. 

t,tst. sz,
to nep count;ng of the combed \\co ls'

P2e5 (1961)).

il"n'il'"i#;;t.." mcnrioned tha-.h€ -vl'$i::: Xl':r:'$,il
indicalion of the nepping Potent'al ol
):^"i:;--'",;'. c.rr"ll s.'tool , fTrxril's arr ir''rrrrmcnr callcd the

;il1iffi.,."JJ."';?i'i"p.i r" *a"' to srade rar! (urton $ith

iJ#:;;;;oi;;t;;",,,iit rr" *"'.,*'"'"is rrasi' arrv a minir'"' c
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card uirh three small rollers clothed will meral,ic wire. A samDl.;f
about 25 gr is first hand carded ;nto a 5 i^. , t ;r. ;J;;;';;;,ed-to ihe nepotometer. After 4 min trcatmerrt tt. r.,!t, i" ."*or.J
and collected qn to a black velveteen-covc, ed b.".d,4 i". ;i ;Its neppincss is graded again,t a sei ofphotograph;. .i"rj^rar-. a,in rhe case ofrhe Shirtey iesr it is prelerJbte t;r,j,. . ,,,,J.ij *.'iLe'ght torJudgernent. Tesrs showed rhal the sample..eight fed io
th,e nepotometer could be calculatcd from a kr."fi,ag. 

"f?iti".1h"Mi(ronaire value or the upper hatf mean fib.e leigrh *s aerlr_mined by the fibrograph. "
Sampleweigh.; g,ains : 30 _ (2 

^ 
Micronair(,Ladine)

. 19 ^ (l i upper halfmean iinerh),il:,:"Tf" werghr rhen produ.es a reasonabty srandard iebwerght-.the resting armosphere has to be conriolled since low
humrdrtres grve Iu'Bh ueb weighls and fewer neps. Further informa_lron on the nepoloheter will be found in rhe references. Also in thereferences are articles which describe a photoeJeci.f",,.l-.1ir""t
tcchnique of nep counling. (See Barclz, ie:rt. Rrr. J.' ai, i;;;(rs64)).

"\'aps in spun )ams
.!r_llr..r, associated 1!irh rhe Zelweger .Usrc,. range of resr:nernstnrmenr can be us€d to count tie number ofneps in 

"yarn 
pas$ni

through rhe electrode of the evenness te<ter. Th. jrm i-f .if*,i;:
meter has- on-e counter \rhich indicates neps. In ihis 

"or*".,lon oyar-n nep is defined as a yarn fault of appioxim.rlely I mnr lensthand ha\rng a cross-secrion of200 per ccnt ofrhe average ,a ue. fscealso ,rougtas, J. I ctt, Intt. 53. p252 fi962) and .Usrer- l..e\ s Bulle_rin No. 7 (D€c., I965).)

TURTHER READIN(1J
T.N m @di&n
HowErri H. k. w., od ,^!oD, D. Fdtion in T.\ttt s tCh^D\-
..19 

aig.lr) Ir:a!\ rnsrrrurc, M;.b6r6, 
"nd 

b;;,"^;;i;;H", i;iii"
^N-oN. 

.Kmedc rri(,io, oryarn AsaiDst sret.,n/.dor'r q r.,t_ i^iiil,'rtiiitr,Srandard! Handb@t No. I I, D. i4g fl96311

^Nox. 
'Kin.rjc Fricrion of ym Aeai*! An; Sotjd M dteiL^|., M,rtod, of na ht

---1.11r,, 
(EridlhJ,"adid! H."a*"r n". ir, p- rso g W:; 

- "' "' ,
xorrow, J. ^. 

'Th. Fricrion.t proDdrid nr.; on rita,gi;|,..J, T,,t. ro,t. n,T425 (193t)
EU_cxL!, H,, .nd pollrln J. 

,An lBtrumor fd Masilg thc Corfici.trr ofr cdor ofyih!As.irr otr,o u"r.,i"r.,_z i.,r. ra. se.trqi ir;fti'- " -'!ruxircHw!rLL!r' D.,1.m Tqsior Durina Windi,s,, Lr, MI,., ( j;;L, $5:-)
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x^Lx!^x, r. ^ 
On !h. Charackrislid of Yam Tcnsion Ddic$' (Pt l) Xol'

R.u. (Sct.i! ion ol I 953 
-ar! "'") ., .. - -.n.,on Dcvi.d., (pt. 2) aa). ft.D.

rarxr^N. t 
^. 

'On the Ch

;.,."-i:"i"?ll#j?+::,:?lJiti"::ji"i. ti 
"i;: 

il;Y; l.l:"l i^','?
lqi6\ H 'Ehctronic Ym T'dion

"".,"". i. r.. and Moxrrs' w l Lt'fiont t
(B.R.R.A Te(hnologi'al R'Print No o)-. .J!.,., 1E@,,J /f.., (8.R.R..\.

vorers. w. r Hoa ttu Mattd rn'tds@n rrtud
:\-dsl.irer No 19) ^ , "-.i.tion and SBrn El<rri6(arion

, ^,'"ELrEs. D. ^. 'An IBtnm'nl for study ut r

^..13111".,."r.*.n 
t*. r"nsio^ In'Iicaro'' r"t'wu tv.^vn' $511

l:;l;*i;;;;;'-, D, and paB!xH' ^ c Yam rrnsion M'asureo'nr" J'

'f.,t. INt. 57,P63 \1960)

.\ft6d.Nnt of \p..d ,, t) aad h . nor,/ S?..A ,B.R.R.A.
EUaLER. (. t., and cowts tc' t r' iltuutnq tt

T."hni..l Publication)

i : :x,,?i#;rf ?h [*'#1,1H:i:I:il:*i: J;i'Tr:l l;lii)
lJu,d-biobt ldnpi dtul th2it u3. ia t xtiLt .. , * rchaD. 1. M.rhodli chap. 18.
n.orev, ;, e . and crert, t Ft@.^a Amt':- -'."i..i],", ilr)'
. ^*lfj ;l'T;l,l' ?f;'l:,P l9Hl1l"t';:i';;: ;; l'a' iis cN*i"*r

T6de Prd. London 1956) - - --38 {u.,l.v. Nsyorl, t954)

: : :: :": i:;l!'::i:*":f#13'l'ff-:'i ;r,x.*:i iiii. r'*l' ila"''

iil:,;#.,i$N+*t",m+*+:**:x
d:11,'i;t'4,'r.';';ml*t's'**.i:ll ;Til,{,*;1,:1.*r 

*"',.'"
Iradiai.d bv th. M.rcuv SP"trum J "'

II f; lH* .,"-* 
""0 ::r g=:t i,*,1;"1;.,liif;',ill;,?.l, )T?*,.w.'El"irnic Slub@tch'F

,rtur, {,, 5{2 (1957)
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Do!oL^si r(., and JUcxER, p. .srajsics and rh. Spcromaric Innrus,c,r.. r.rrt{L tJan.,1 2)

LrNN-Exr, {. i:\-cp Coun(ir,g.r rhe Card. J. 7.,t. tbt.52.,t2}g \E|tslsu. B. R. N.p Couniine ar ,\e Comho \1;b..J. rar. /,,r.52, plgi lghtrnocDANi I. !. tleaur€mart or_\eDDinE poLen;
p.491 (r9i{) ial olco an' Tkt R4 J' 21,

^. R., 1 1r 
' 

aN r. ,. D, and $ on r.,r F, R. r. ,t !. ard ADDlna-rion ofrh. Neporomckr., 7.,t- Ra.J m,p. i?0 r9r8,

neht.' n,t. Rs. J. U, p aia tgil)
H ,ln8u.1!e ol pro(6inr .n \rp F.rmarion., T,t. R8. J.24,p. 495 ( 1954)

a,,d p,JAL. v. .A licy Eltrrronn D.ric" torcounringand Cl*ir\inq rep. in C,ii i^ eb., Td.,q.;. J.;;.;.;A &i;;:3{, p. 3?5 (1964)
LmD, r.'Thc Charocrqirks ofRas.Lorroa.. Chap. lL Lr.rrit. Inrirure andlru(tuorth! (196t))



II
CONCLUSION

r\ lh. prc\ious chapters he hare c'<'rmined a raricry "f t'rtile
i "i". ;l.i---" "ia 

halesrudied theprinciplcsupon s'hit h rh"v

...,,i.-.o-e in d.rail and olhers i') ourlinc A laborat^t ) ' lLrrtPeo

llii 
" 
i,li."-"r.-!;t ofsurh instrumcr't."an loak imprc i.r' r'ut

:':;;;;; i;;I*."" rs concrere e\ idence t' Pro\e thai ('\'r in rr 
'lr-

'-,^r i" l,cin,'nut to s'ork and e"rrring its lc'p 5rr'n e\,roenrr'F

:::"ilil^;;;;i,;r rharts rirh rhe dair' p''int' lu':r-it'e. th"

il;i;;i,.:,; i.si. i, rhc mirr' ir''r"ds'd pr"du'ri'n ft$er

]'.]-"i,i"t' r'"- ",.'"mc,., 
and more )i Pcat ordcrs lt.ir ther(l:'re

r-*--" "o orlv to und'r"ttnd l!tr{ the le'tlnq

iiiltr," i"i ,1. i;'r,ot'horv to u"e trrrn in lhc mort i rr. ri\e $av

:;:;;; ';;;;;;r..iite 
rest,rts p.dI, cd r4 Ihcm An r1'pr'' iation

:i';;;'i;;i;;;.;: "i,esring 
is arso "1 'u1" rt is not intcr'ded 10

..r=r ,t'^. ldsr fes poirls errn in a ccneral trav ' rrc,"r t\{o

more rolumec s"uld be rcruireJ rarL"r Ihan prra$aPrrs 'n'i(ar'
tr," *"J.t:",,,.*1". i" dircit' J to'qurliq <orrrol ' 

a marr:rq'n'cnt

f'rnction in \hith lerrirrg pla)'s arr irnp 'rta'rt. Part :\r'rG, ia(
branch of tcxtile ir oduction has its osn pecul!arrl'F( and P'nI'cIr''
it i. ahr ioush impra, ti(ahle t'' JllemPl lo set out s'hcmc' uI 'lI'rIr]
:'":;;i;:;i';;[";;ii ir.. ",r,i' i;' 'r*."r'e 

lIcJtcd in n rr"]d
il.ht";;i'i;.";:;;rli i"n.-"'i'- tle reader must stucr' the

r.f"rcn.ts gn en.

qIjALITY CO:irRoL

ln tl\e Shart.r Orlo Englih Dirionary *e sce:

ti,,alitv:'An'"ttribure. proPert!''1-cr i:) Iiatrtrc'
-* ' ;. ';i;. ':i;;., ri'a, * , t i'-'* /o/ s 'rnerhine' I hr'::" '

rhe dcqree or grade of cr' cllenre et\' Ir's\r+r'a r'\ a

rhins.'
c.,r-r, :i"it..r. - \erif)'. and h'rrce to resulaie"

t.'-"" ".* *-,. a.6ne qualirv ^'r'rt^l as' sav 'qualhv 'u:rrr'l
is the checking. virification, and rcgrrl 

"i"n 
oi the dcqrcc or cxr (r-

i".- oi u" ",,iitrt. "' 
properr) of 'onrcrr'in""*'ii."'i,.'i.1"-;.*" 
,ir ri'' *-a '1'trlitvY 'h"uld-l'e n'red rnd

clearly undrrstood. For example rlre'proPc'ry ul a )'irn o('I5

555
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ll.Llf^::l.0.'ls **rrrariry. rhereas irs,dcgrce of cxccrrcnce. m:voe expresscd rn rFrml of irs .o.m.iF"r of rar"iarion. ii;;;;;J,;:
:sr.irrC 

fo.r cor,irul ofqualiry re sclerr sume arrnbure ofa Drodur rmearurr n. ar,d thcn make rhe necF"sar). rcg,1.,1.,," i. ,fr. [rII;,i_
:::.ltt," -:".,,.q arrriLure is bclow ihe:*;,"a a."*..i..,1]i.rence. s"urncrimes rhc measurement 

"rd ."grl",;;i; ;;;;:;l;srrar6l'rlon{d d I bobbins Irom a ring frame i.. ,*,.d r.; ;;;;;,;;i\rhere neccssary, the draft chanse vt,;"g,r,...,,, 1.i.."),;;.i;;i:'i; JX::l *j;:1il::;: ;:.J,::ment nor r egulation is simple: How do

"",.r c", ,r"u'i. lpr.#il';: iiliolf fl""* i't"i" upp"'-

', 
he.rs ? crearrv, t he ;;;;;;;i,,;,:;ly':"'l 

"?L ;j::J.l 
.,:ily;

b) rhe subje(r uI con*ot ,,-t a;n-.,"", i".r,n,r;; i;iiil;#J,t;lby drfl erent conditions_
ft is of inrcrest ro note orher de6nc",..r,,q,"rii,';, rr,Jl;:l:ffi;' ;Ltr,I":;:,11!::1fl:1,,:{

rhe.dearce or conrormily ro a specificar;on, ir.. ,p,*ri.J"".]i,ji
,ha'nq b.e,c.l dlasn ,,p *ith the object ofprov;ar,J_ .,u.1. ,,iililhas suirabitiry for an end-use.. (Ke-nyon. i,_r. ir,,U'0;;:,:;!;ij
QLraliry control is a \ ide subjrct and eor.ers aI rhose far tors rr hichn-e-tp to ensure thar the product Drodu((\iwbery. re.rr. rr*f. i",,. iii i,i!i,"}'d 

i'"r'r' 6"ired quaritv'

Nerrbery s definition cmphasises rhr.onccrned ;n rhe prodrrcrion .f rh.'jilt 
rl)at manv lb'tors are

Kenyon s dennir;on'ir r.;;;i;;;#:h::1,:.i.il'"1'["i]li,l;I
atuays achie\ed and lhat deviatioos frexprcred. r he rask of dr"rrjnc ," ."".:I ll' sp't ifi'ation can he

", 
ii.r. r,,. :,l,,i,ri, i ;;:l J .;.li,:I: :;:l.j;..'#:il: :li' jl;rn some rnran( es rhe fur nr of rhc sper ificarinn ;. ;..; ;;.;;":;;rnd,car,on rhar rhe person rc,oon.lr,r" r", t, "d;;;;.; a:::ii.llander and \tunden, Co ins, ind Baves).tt hasoftcn beer, stat, d rlat quat;ty aira the control ofqualirv arego\ ernFd by. rhe thrce ._\t.s : f i"r, il"r*i.f., rrJ V"^;;;::T;:ordcr in \ahici rhese rhree are piaced rs not jniendcd lo be sir-n'hcinl; il is left.ro rhe reader ro decide for f,;rn*ii 

" f,.,frl. i.Ji.poseble to rank-lhem in order ofimportdnce.
^ 
,ru?r, One of the fun.rions of roD;na

o-f 
.rhe 

acr ivir ies oi, i; ;;;;:, J I[:r?::: r:..:-iJli:i:i.l

ill:[*trh:{l,i#t;ft**###{idll,*I:*i
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.,foualitv is in the hands of many persons including those who clean'

Iir]'""- i""a."i'oi" the machinerv. Thc setection and training of

""l."iii* " 
Ji*** t-portance ani is a specialked art (or sciencc)

i; ilelr. The ou;liw ott}le available labour is. ufrours€, outside tne

.""".i.iif'. i"irf, l*ause ofthis lhere is a con"ranr (hallenge 1o rhe

".'*"r.i. 
i*lr;r*, and Work-studv departmens 10 develop- thr

abilities ot each indiv;dual both to the mill's and the operattve's

"ar""i"". itr;"ir* 
i^ the best methods ofdoing a job is esse ial10

oual;tvr"qualilv in yarn and fabric is not only measuffd- rn lea

.ir.nnitr.na tearing suen$h but in such matlers as good Prcc'ngs'

f.cedim from oil, neat weaver's lnots, and impercepttble staflrng

nlaces after'un$eaving'.
''-tii.'., *'*i* irnp",'*nce perhaps is the selection and rraining of

.";.*;'".,J fore,iren. Thoie who lead must possess tI' *lh':-
i".'- 

""J '.ii-a;*iort"e 
required in the mainrenance of standards

#i -"ri u. .u. ,i, 
""mmunicate 

these virtues to thd operative by

sertine a sood example. In the tert;ng laboratory, too, great care

.frouli belaken to choose the right ItPe of assittanls and to tra'n

ih.- to be scrupuloLrslv honest in recording test r€sul$ and con-

scienrious in carrying out th€ tests' Jud;cious 'cooking' ol resulis N

n01 altosct}ler unknown.' "v,ar-,dt, if,. *f..,ion of the raw matcrial) ;r a key factor ln the

*..-J" "t iuii"r. .f trre product, hence the imponance attached to

rh. re$rlts of tests from rvhich a de'ision on rhe choice ol htrre or

'-."i"'-t" i.'*"0". Knot ledge of rhe ProPerties of allerndtiv€

-rreriols is verv useful uhen rhe preferred tlPe is eilher notavarl-

able or loo expensive; substiturion may lhen be made wllhoul

seriouslv impairine rhe 'degree gfexcellence o[the product Selec-

;;;;i *#;i;;ti. 
"n 

the"basis or test resulrs is one example of the

"""ri.rii."-"i i"-,i1. tesring. The methods of testing hd\e bern

ai,i'i*Ji" ir," .-r;.r chaP"rers bur the aPPli'ation and inrerPre-

tadon has ofien been mentioned onJy in passing Yet liom the PoLnt

ofriew ofrhe mill management it is more importantlo-know exactly

\vhat the lest results mean and how they can b€ used llran to under-

"i;;; ;;;; ;;;i',-ent works or whit testing procedure has been

tollowed.'"ii.i ,.",i"n.r* materials (i e fibres for ihe sPinner' )arns for

the weaver. fab"ric for the finisher) it is assumed that the proPrnres

i.;,;;;; i;-;. ...tured to the ioi'ed charactcristics of thc sub-

..;;;;;;;;;iton spinner producing combed vams will.not

-a'nt a riariav ofcotron which has a high Percentage oI short hbre'

f,. "lii aft.t.Clr." t. i"tere(ed in the results of comb sorter tests on
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rhe types of collon available. This is an cxample of a fairlv stra;Eht_
forward and.logical test but nor alt probtems ii,;,;;i;;;;;.:';;
raw.malcnat are simplc or logical. For exampie. a manuf,rcrrrrer
\r rsnrng 1i] produce a \ arm fabric might think ihat rhe fibre for rhe
JoD \outd De the one \irh the lorrsr rhermal colducrivity \.alue, areasonable dcduclion bur unu.ise because rhe rhermal conductirirvoflhe fibre plays onty a minor rote in ,h. *,.^ih;;;;;;;;;i'i
fabric.

TIe srructures of.many standard yarns and fabries rvhich aremaoe lrom naturat hbrfs are (he result ofevolut;on over lhe vears. a
process of rrial and error produ.ing rh" d*i..d pr.d;;;;;j;;r:
rsuc(. I hese^rtrucrures \rere der.cloped before the jntroducrion ofrnan-made hl,res ?nd the quesr;on now arises. .If se * jsh to useman-made.fibres jn rhe ptace of natural 6bres in traanionat siruc_tures-.shoutd we. lry to copy rhe properties 

"f 
,h. ""i;r;G;;;;;,snoutd we examrne the purpose for uhich the srrucrure is intended

and-desrgn somerhing fresh in rhe Iiqhr of"ur new knoi! tedee ofrh.reralronshrps beri!.ern lhe pmperries ofihe fibres and the piopenies
ot the yarns and fabrhs built from rhose 6l,.es?,The aurllor wout.lprerer txr.tatier approa(h, bur as yet our kno\rledge ofthe complexrelatronshrp bet\een fiLres and fil,re .rructure i, "r.t .._pf.r"l eitlrr moment we are in a transitional stage where ,r. ,"."r, i.t.
-advanrasc 

of the experience of pa* rech;r^9i.,. b,, ;iil;'";;;rrme try^to put rnlo pracrice rhe rheoriFs of.uch invesrigarors asrerrce, Gregory, and Hamburser.
,lftrlinr-r. The seter r\on of the" llpes of machine besr suircd ro theproduct,on ot high-quatity goods is not eas)., The machine \hichmay be t'est trom a- te.hni( al vieq point mz). not he an ..onom;cal

proporrron b.hen the class of m"rkcr 6r ll,e srare .f tr{de is con_sidered. The labour force availatrte can i"flr;".. 
-rh;;;iii"n;.

Where highly trained teams oftechnicians ana .p"..tir* .*"r.ii-able. the more re6ned and complex iand expenlirc) -".h;"..;;;oe chosen, \a.hereas in parrs ofthe uorld uhcre rethnical skills ani
:T),-111,"T not yer fully dercropcd rhe ehoice may bc for rhesrmprer and more easity mainrained machines.

^..1,,5] 
.11:,q;"S^ of mainrcnance is cs.cnri.rt in an) scheme ofqxaftty,conlro,. lr is not suIF(ienl (har a progrimme ofmdintcnan(e

scnedu,es ls dras.n up on paperi it is nceessary lo see rhar rLe i6hrare canred out properly. Once;gain rre meet rtre me, ,,nt ttri "licani gauges, and spanners. veN;mnnrlant p.ople i"rm;.g one
:TL,-"""":l^,1._ ]i'F. l.am of admin;striton, t.ir,ni.;",,,, o,,a'op.,-aflvet concerned rn thc control ofquality.
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FURTHER READING

kutta! Lfd.@t ta quolitr.@kol bt kttihr
:;i:;;t;;'; ;:"{...nt R-earch in t}. Prvchorosv or ItuPdiion' 7'r''

,;.1,d., D.2s2 (Nov., 1964)

"#;;:'?';. ; )i;; ;pprJach ro Inspr rion orrcrrirc Marcriat" ror cov'm-
---..i's.r.i...' Lrl. /dr' ,i1. P 2l5 (Au8'' 19571

"^l"iiil'"i:qJi,'C.,".r i-ur.-' Arisins rrcm AuLomation' r'rr' lal'
/il-. D. 5l {N1arch, 1965)

,"'#;:';.;.;.:;il;;;Er, w. 
^. 

rh. cGr orQuarirv conror" r4' ra''
' ,"1. D. Sg (ADril. 1965)

^,:T;I"; lll:';. 'A i*b ror Qu.ritv cont'or.' r"t lut tn'! 'P t?t tJltv'
r 965)

,r'"1i1,. .. ". ',*, 
q,,tiq conrrcl In sPinninE a*r' /ar' /id" P 70 (Ira'ch'

"iffuJ. ^ -. ,""'*t*ion of Fab'i' Quarirv srandards !o Mr'r rhc :r..'edr of
^iJi- cl"'n"* .ii,.,t" ctttc.' r'xL I;L Ind 'P 2'J3 rs'Pt ' 

I e67)

,<fi; ;: 'ril i;;".*"". or quaritv and P'cl*' conrct to rhr R'uir'r'' 7'
n'L Id.4A,Pa43 ll9r7)

,.:[#;;: ;. ;:';;i , xox^s,l r 'rh' contror otrsdrc Quari(v in

R.lation ro Consumd R.qui.mrnts 'r' r'rr' 
'bt 

48' m48 (1957)

'^'i'Ji."i.'*. 
:.^J;l*i"-,r,"'sp."in.a lt p* z r'' rBr' s P632 (res3)

ii,''""";i- '. ;. i 
:o"":r'" cinror in 

'hi 
rc*itc Ina'srv' J' n't tnt 38'

p:s4 rigazt-"i;lJ;;: ;. s. 'Quaritv cotrrrcr in rhe co(on tndvtry'' J r' ' I^t' t1'

"^*-llJillllo*,," "-,rcr 
in cottotr spinning and w€avins somc Pradical

R.rulb-i 7. aar' Iar. a8, P520 (1957)

,";I'J';, i ;."6;;;i;iq-ii.v i,i tw"^,.at sPinnins' J r':r rdl 16'

Pl92 {1915)
.,i.'ii,)i"i. 1c".,-r 

"rO'aritv 
in wraring''7 z'' rs' {5' P20r (res5) 

-
X::;.1;1.;.;:^.. ;;;;,Lc;cx c. c c";uororQuzli'iv in a Ravon Pi'cc
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M.tiration and SI llnil in T$tih T' ing

one of rhc problems of communication beiween countrics is lhat

irr"""""..i" "Jatrtonal Problem facing thc tcchnologist is that of
i"ii".in ir,. Uni,.a Xingdom a tcxtile man mav usc an odd systcm

oflinear mcasur(menl in which thc balic unit oflcnglh r! lhc-yard'

i"...,i..."r", lcsting h€ rrlay usc thc hank, a Icngth unit 840

tlmcs the vard. To carry out a count tcst hc will probably lalc orc

".''.i i'.i,r,. t'""r, 
i c. a lea Whcn mcasuring fabric propcrti-e. it

mav bc morc convenicni to ulc lhc inch' onc lhir(y-srxth ol (rr'-

basic vard-thread spacing rnay be indicated as lhe numbrr ot

,"#caall-;'.r, v.,'.norh-er suL-division ofrhc vard mav be used

i"l-r,r" i'.-iU.1..", rl,e rhousandih of an inch or the rhirrv-sixth

;;;;;Li ;i;h" ;"'d. A curiour mixture' ot murtiPles and sub-

-,i,i"i*'"fit" t"i. 
"nir 

is evident Even ifthc vard rcmaincd thc

haric'urut. calcularions would bc easier if thc mulliPles and 3uo'

iiiiirr. ;... i" powcrs or 10. In rhe m€tric lFtcm rhc basic

i."J't-"rli r the metre but for long lrngths thc kilometr'' thc

-.irc x I03. is morc convenicnt' and for very short lenSths thc

mitlimetrc. tirc metrc x l0-3, may bc prcfcrrcd'"'e 
i..irri'."f -,i.t. "sing 

melric units may bc mor' casily apPrcci-

"A U" *.."n. "t.d 
to-lmptrial unirs if atl thc mctric valu6 arc

nii-j',.i,.a. The arithmciic mav bc simplc but thcrc i3 alwaF

thc dancer of error r^hen conv€rting from onc q-rtcm to anolhcr'

Thc timi talen for conversion is non-producrivc Thc concePt ol an

i.,.-.".,io""ii, "...p,.d 
sl*tem ofunit-r is clcarly a'tactivc ln 1960

thc Ceneral ilonfcrence of Wcighs and Measurcs rccommendcd

il;'i;it;" Intcrnationalc d'u;ircs' to be used universallv' Thc

ii-*"i"- i" 
^ '.^r"" "fthc 

mctric svsrem and has sevcn basic unir:

"i*,*" ""rrf.-."ow units for aqgular measurc Thc quantitics'

["i" "ta 
ti'rnta. are givrn in Table I and th€ir dc6nilions arc

givcn below.

Basic SI Units
mctrc thc mctrc is thc lcngth cqual to 1650763'73 wavc'

lenpttr in vacuum of rlhe radiation corrcsponding to thc

traisition bet*cen thc lcvcls 2Pro and ff5 of thc

krpton_86 atom.

LillEam Thc LiloEram is lhe unit of mass and ir equal lo the mass'---"'--- J,n" iriternational PrototyP€ of lhe kil4qr-am (!ept at

stwcs).
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ampert-

r'l'il\i Ir'it\ i,t Il\l|lt lt\Jt. (,

The second ; rhc duration of 9 t92 631 i:n ;,r:riods otthe raCiatiun rorrcsponCing ra rl." Lrin.i,. ,. f.,,".,.n
rj c .:\o.hril, !t:,,F lcrrls o, rl.. ! ..,-r:d r:-:. ,.f rt,c
caesrum-lrJ aron.

The ampoe is rhat consranr curr"r,r. r,l,irh, rf main-
rainrd in rrro .:raighr parallel co:rdu, rors of ir.hr,jre
IenSth ot ncetigiblc circutar cross se.rion and p:ared one
mftre aparr in a ra.uum. s,outd p:odu,. ber\.en rhFse
conductoE a for.e.qual to 2 ) l0-? nc\1on per merre
oflenglh.

Thc lelin rnrt of rhermod-rnamir ie:nperarure is tt,c
lrairion.l12T3 I6_of (he rhcrmod).nami( remperarure of
rne rr,plr pornr ot $.arer.

The candela is the luminous inteEsity in rhe perpcndic_
ular direrrion of a surface of I o0O 0b0 square metre ol
a bla(k body at (he rempcrarule of freciing platinum
urder a pressure of IOI 325 ncurun. per squa,e merre.

The mol€ is ihe amount olsubsrancc \rltich contains as
many elementarv units as there are aloms ia O.Ol2 kilo-
gram ofcarbon:i2, The elementa4. unit mus! be spcci-
6ed and mav b. an arom, a r:lut(cuie, an ion, an
€lc.tron. a photon. erc., or a given group of:u(h

The arlgl€ subicndcd ai rhe cenke of a .;rile b, an arc
of.he circle equal in ter:grh ro th€ radla. of tb; circle.

The solid angle r:ro,.nded ar rhe (enrrc ota sphere b).
an 

-area 
on rhc surface ofrhe sphcre equar ;" rn"g";rua;.

(o rhe.arra ot a square Laving sides cqual ;n IenSrh to
the radius of rhe sphere.

kcl'"'in

candelir

mole

radian

Dcioed units
Many quan!:.:as in rcchnolc,gy are dcfined in ierms of thc tasic

units and are referred ro as.derived' unirs. \retocity is an exampte
shcre the magnitude may be 25 metr.. pej.se.ond, rhe unir in r'his
cae Derng the m€tre pcr sccond. This unir i,frclociry has no spc.ial
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namc but many derived uniB arc Siven sPccial names, vrry oftcn
ih. name ofa scientis! as a tribul€ to the conlribution lo science that
hi has madc. For example the unit of forcc is thc nEwton, attcr Sir
Isaac Ne\rton. Tht unit of work is thejotle, and power, thc ratc of
working, is expressed in wattsi

M ut tilt. t and tub-naltht rt
Wi have already mcntioncd the kilogram and the rnilligram, thc

orefixes kilo and milli mcaning onc lhouland limca and one thou-

landth respectivelv. Orher multiplving and dividing values mav be

convcnieni at timis and a list of pre6xes is given in Table 2 ln the

Sl svslem th. Dreferrcd prefixes arc thosc which raise the basic unit
bv oowen of lb in stcps of tht .,..g. lO3, ld, l0-r, 10-6 and so on'

limay be difficult to biscard the ccntimetrc a! a lcngth unit because

it i! !o convcnicnt practically.

Ttu SI gsrn aad rctunntc
The units io thc SI system illustratc what b Ermed a 'coherc[t'

set ofunits. For cr.amplc, on€ watt is a ratc ofworhing done joule

pcr one sccond. Again, the rcwto4 is that force which would give an

acccleratign of onc mctrc Per onc lecond Pcr onc sccond to an

unrcstmincd mass of orlc kilo8rain. Thc s!r6s is otr rhe factor l'0'
d dcrivcd unit from basic unia is itrelfunity.

Atik ir t rtiht
Many SI Units iill be comuron to ahc various scicnces and

tcchnologics but for each special tcchnology a sct of units will be

nccessary to cope with its peculiar problcms. This sPecialis.d s€t
will havc to bc acccptable intemationally it!.thc samc uBy at the
basia SI Unit!, othcrwisc a t chnoldgist in Francc will stitl havc to
convert lhc units uscd by a t€chnologilr in ADstralia. A sel€.tion of
SI UniB rccommendcd for use in thc ficld of textrlc technoloSy is
given in Tablc 3. Ir has been point€d outby H. rlc (T.rt. Inrt. Ind.,

Junc l97l) that for some purposcs, e.g. in progmms for comPutcrj,
thc usc of tlultiplcs and sub.multiples is disadvantagcous and that
all quantitic! in such cascs should bc given in basic uniB (consisrcnt
units). Thc resulis may then be converted into Practical units (sec
Tablc 3).

Corutilrln o SI llaitt
Evcn when the SI Unis arc in gencral uc many references will

still bc in oldcr unit 3ysterrls and a common calculation will bc the

Prin, oi Textile -37



convcn on oI data to SI Units. Thc conveBion mav bc carricd out
lrom firsl principlcs as in rhc following cxemple.
Exanpk. -\.lcr.ry rowcliiDt has "" ..I": a."iity of B.j .,mccs p€r
squarc yard. Whar is thc areal dcnsity in grarns Fr squarc mcrrc ?lrom convcnion tablc! it i! notcd :hat to doovcir ounccr ro
grarns wc multiply by 28.3495 and rl..1i thc factor to thangc squarcy.r& to squarc mctr€s i! 0.8361.

Thc areat dctBity in grans pcr squarc mcirc is thcrcforc:
mass in ounccr DG. souare vad x 28'3495 : 8 5 x 28'3495' 

^8361 :28s2*/o;x36t

- Anorher se. ofcorvcrsion tabtes reduces'th. o*"" "J;:ilH]thc val-uc of 28.3495/0,8361. Such a table Sr"* ,h;.1"**.;
lactor Ior changing ounce! p€r squarc yard L gra-s pc. squa.c
mctrc, i.e. 33.9057. Thu!: '

8.5 x 33.9057 : 288.190 45 c/m,' - 288.2 8/m2 (o oac dccimal plecc)
A third apprcech it to usc a tablc which convrrt ouna€! Dcr !ouai.

yard drccdy inro graEl! IEr'lqu.rc mctrc. From such aiablJ lt i.
notcd that-85 o4ydz equalr 2881.98g/mr, aad so dividing by l0
wc obtain 288.t98 or 288.2 e/mz-

No doubt in duc courc 
"icial convc."ion table lor tcxtilcr will

bc publishcd to pcrmir dircct convcFion to SI Unir! of propcflies
such as lineardensity, tcnacity, twist factor, cover facror, itc.'Tablc
3 ofrcn e rumlu o[convcnion factorr. Thus a tcnacity oi4.2 Bf/dcnit convert.d to millincwtom pcr rcr by mulriplying by B8.i; i.c.
370.86 mN/tcx.

. Othcr convcrioa aids mey bc in thc form of special slidc rule
dGigncd for tcx.ilc u!c.3. Thc Shhlcy Institu(c hrs rcccntly provided
thc Shirlry Mcaric Convartcr.
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