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APPLICATTOÌT OF QUALITY CONTROL METHODS IH WOBSTED SPDflTINS 

A. INTT.ODuCTTCH 

In the last twenty   years there have been certain developments concerning 

the technology of woreted spinning.      These developments shortened to a 

cextain extent tko   í.r^v,ií;;; process.      It *•** aarie time they called for 

more highly txv.iued teohm niais able tv f»rn rei so control anri to ovalvate 

objectively the r-iv material unti  i-he linai  product. 

Some of the node:.*n trmrh, introduced into the worsted trade are bar»ed on 

new idedü ana   [ have J.V mind especially autoleveiling,  higher drafts, 

cone winding- cabined with yavn clearing and a different approach to 

twisting folded yam;j. 

Thic new tror.1 Irai  In o  situation whereby the rplnner is confronted by a 

bewildering range of aystemr:,  u»chines and inr.trunent^.      Everyone in the 

wool textile industry iu wii ¿.ware of thr>30 change:: and tries to cope 

with the new situation ii: tht bent possible way. 

It is evident  that becou.. e of the changes  in  the construction of machines 

and modii'icat i on of pr-occes^e we havi advjncec:   in the rate of production 

per operative,  and (offen wo une lee A operations between the  raw rsaterial 

and the product,      Thic prv^j'ient advra>o-;  in the  rto of productivity, 

amongst other things,  va::  achieved by  the conci derubi e  J ricreare in aachine 

speed.       At  this -..oner..,   i  would iiko  to nienr,ic\ a very ioport.>"¡t  fact, 

namely  that the wool  ribrcí¡ vnich were befara proee:;r-ed ur.df-r t-o oldnr 

slower  techniquen,  arc adaptobl¿ to +he eytcn*   that  -hey cai; be processed 

under rood em cor.'ii.tior:.i without ai.y dii ficultico.      'ligner speeds of 

processing anc   rev*.?: epe••:.•'. ;.>>n-   .-sean  inf.rea£?d  ricks of making a faulty 

product and wo have to adopt a,.ii-c vigilant  control of tue raw material, 

the intermediate producta «nd  .he final product. 

Por the complete characterisation of a worsted yarn strerai variable 

parameters are necessary.      Even when usine the eaae wool and ti» aaaa 

machinery,  the spun yarns vary in quality. 
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Systematic testing perni t3 the detcn.im.tion of thir variability and 

conten«, the estabUshaent of the «tatara., ^ Units of tolerance 

tow*, «hid. the prcdurtäon .-houU to r»i*rf.      *» til.  regular and 

fluent  «^,   .t^norir  «» .««UU*.»  - -*- »   P'«rtl« 

„r,   n«cu,.       «  '- =""-" "-" ••"-   "isti^ 'he :'tJ"darÚ  VraU°3' 
should b, *Pt in *M «vt >* , 11«^,: ,e>.U^ of U.e  ;,,o„uct can 

. ,      f   ,-v<   v„, tc- ri"-'^,  but »oust always 
be achieved.       D<;rnanu:i en ';uriuy ^-t «0l   L- l0    iJ"    ' 

. ,-j • r   AU-   - - r.Vi i . ! is-v-v      1>-^   DfOCeííG    itself  SJlà be related to tho capai ;;l.iijrs of th,   , „chi.ie. y,   ..... n x... 

the naturo of ihr raw vat^ria!. 

v.-  s +>,» „r,ni   ¡- bp"rd can be cht can ed enly ir. any T'l" irt'o-nrat^or:. on v.'hien the   v-^wioi i... I^~IA 

particular set of circ^tar^ by various  ty,*a of Costs.       Ohe analysis 

of the data   time obtained   dacudd „ve a cW picture of tu,  variability 

and,  accordingly,  ^dt   U,   e,t,ld^h.ont ci  -annarn values.      Since, 

, .  -.-   ,.>>M,ti^-    th    iu'.ory.rovit.xon of the results hov.-ver,  tolerances mast  DU accepta.,..^,  xi..-  i»«-ii 

„id  .hoir cODpurinon with the etandard  value, rhovl* be done  with the 

,id of statistical method,.      For c^ roí  t.-ot.inc in vor.ted spinwnc it 

IB necessary  to rako oh.ck:; of the cont  important Poiat3 in processing. 

.    .,      ..,,,.,     r to—    -•'•wLnr,1 and vara::;.      Yar.i'J  rust be These are at "he ct •.•<.', e   d   tor...,   ..-,L-L- -'ll ./ 
,   -       • ,I-,:-H,     ir-.-ilr. -:r^'th,   \.vdnl anâ   variations in 

these parameter::,  end,  fi nail",  cle.yfHness. 

until quite recent  ti un:   .he «or.t of vool fibror-  in any for, (tops, 

Silvera,  rovi**,  yams or fabric:;)  upended entirely v»,-, the  iudgement 

,.,-,-,    -,      ,   ,        <u-'-<.•• ,,,.,>.., 0r ^-oerienre,   th.- v;colman tells by of a i-kailed ctasaer.       *>.-*•.   jr-a^., o..   e-.y«.i.-.n.   > 
, „    -,     „ 4,     ,.-.       ..,. - -   r'ic-ii • • io^  vjil'l process in the mill. eight and feel of t.-i-» i'-)-   a,, - r-.t-A-*- ^ F 

, .     ,.,, . ,-,,.,„_4..^ ,-1;^'-v , '  lotr. for different 
Thio visual  Kor.iv.  encane;;  ••    .  ^   d.octt,,  -.1 • ..-  -> 

purposes. 

I would like   Lo  strraa that the skilled personal a^ecemnnt  of wool remains 

a vital function of the   lr.de an* probacy vili rnzin vot  but much more 

information i- now needed than flvb;:ent.i.v«  ivdec^ont can supply. 

Ac the tPxtile industry h,., (jtown, ^id wayo cf vorUng cr.d coraneroial 

trancactior,, Ivxvc chañad,  control, >,:Ve inci>^.od,  so an accurate assess- 

atf^t  of top*,   yam o:*\  fabric Ivn- bicone Trore arni u:oro essential.      To 

<]]U3crato tl.x poini   !   ..nuli like  to q:>ote tao foll^n^ examples. 

1.    Thew iE a tendency  ,or ^ìUMVC.  'o buy the  lop ooir.^ ba^ed on fibre 

diameter in r-ci-onc V')   ]•*h oi' fU)roy in R'"' pU'S the coefficient °f 

variation of fibre ler^h. 
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2. Specifications are often eotablished concerning the short term arid 

long term variation of the yarn, the strength of the yam and its variation. 

5. Worsted machinery Bakers, in many caree, clearly npecify what longtn 

wool fj.brv.-i; nbo'-dd pou:;e,!b ;AHJ the inajciiauin percentage o+" the short fibres 

allowed to obtain good rosili tir. on the partícula1? net of ¿pinning equipment. 

$hese are only a few examples from a rißt vhicb io becoming longer every 

day. 

In this new situation wo ranst familiarize ourselves with certain new terms 

and theories.  Per example, if >vc have the following specifications for 

grades of wool 

T 
Quality 

Mean Fibre Diameter u 
(microns) 

Standard Deviation (b) 

80' 

60l 

256£ 

18-13 

23-24 

30-40 

4>u- (microns) 

6  "  " 
11  "  " 

we must understand the meaning of every  detail and how to tike advantage 

of knowing these detail:; quoted in the table.  We see that the 

coefficient of variation ((TV) of the fibre diameter ean be calculated 

and that its value depends on th'j fineness of the fibre. 

CV 

Quality 00  ^ 

Quality 60s ^ 

Quality ?6£ CV 

Standard deviation 
Mean fibre diameter 

Un y 100?'ó 
- 22. ¿% 

13 

6/*x 10C^ « 26.196 

23 

38 

10<$ 

The importance of the coefficient of variation of the fibre diameter will 

be seen later in connection with the evaluation of short term variation of 

rovinga and yarns, and for this purpose an average value of CV =» ?3?6 iß 

adopted. 
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The quality of tops dependa chiefly on the determination of the fineneae of 

,o,L fxlren,   the Itr^:,   In* nen *r;d v ^.-.',10 natter and tho regula ty of 

vvirtit of   the   m  :. uf length.       7L^'   .^^nt «>i' colear ^J crimp is 

portan* a, wli.      ^er,   ihr Hv-,:vant d,,,curi3l:c -f t.^ wool 

flhru iu the r.'/cno   f'-tr-.\-,..  v*iu-.h J-.   .1 -~c -. >.- 

»    i -,-r.i   •*'•       • "  ••<-„, v   ¡i,    ci*  tri>: fui'...ned yroauot  iß 
• •'   ".'if. í O    UT! ,î:f*    PO. 'WT. '  i .. Li-1   - "'» "•'-     v      iu        ^ A       " r 

,    . .     •   •-,-(-. ,-..--  ..••:• rvù^.^v  in the trade 

C    h'4f! 

,  • r„   ,.,.»i-,; i   or -.¡oavi-aJ   ;_•: ridi t ions 

.'e:.      Vhf   i. ur. .cv-.uid i ì .-; '"nui lions 

C'-üefJj- ly vi_-.>•-': ú-'"1"''   • 

u, ^ihili'at.-  uf art>.*-:< '"MVS-'   ' 

of thi  Deraori ; <.:vfcr -1.. :.. •  -a.   "•"••'• 
,    ,-   . •   , • .-,,     \. . .... -ii-   r"''-'rî<i'•   >f  ' h', évaluation. 

,„..,.       ,  - .-., ,.-.-»--lw .r~r    ML vence *ho viiucr'e judge- 

.ac .ntxcdicti.u of u.x.uv,. .„.M-avntf: --han** considerably the whole 

t: '.tuat i or. 

Vi- datomiue tx.r '^^1:: of MCOI fihr^b a projection aiucrcseop* car. be 

„íwd.      The otner aetaod, na^ly the- air-flow method,  for the determination 

of ihn avello v..] UP of thu w;x.; fibr* dimeter rives results more readily 

and penan. Lx. ;n—' -y  ':^ F1C.   U-      '^ *^fl-w ^ho<1 doo° n0t 

•Jvo the dieT.or-L-n   ,f IV  'ibre i^tn..       Tt lui* been Bhovm that in 

r.nora..   .he air-fiv* ^tha':  h,c  pro^d tr- i»¡ sucowrfoi  in obtaining quick 

•^r>d re'iibia  i'faaJ.t,.. 

Any nm. iwli-^it ..-v.«.  -•-•. oaUMbted.      Ttû« 1» frm»- witn the help of 

Tour ^aylca, o'/ woo¿ of K--,n  finfineea, prt-rif/^ly «waeured with a 

projection mierr^ûpe.      '.r.is .^smv^iH um.t u  vor/ p-ecise ax*d about 

1CC0 muL'r^ ar - nccca.arv   . .> ^abu,h a  correct value.      Ihn calibration 

~r ~„~-~- «i-,   r-r.. i-i.-M'"'    T   uvr^d or.  v  simple formula whach is 

Con.L-t-o.t     -    r 1 ¿ 

\ calibr^itíoi   yroced'j.rf. r¡; v   ••••'"•'^•, the fcllowin^ rc-^altn ^ 

Lo1 

7 

DuiTift  :•       !    h ¡rivtn by 
(/«- Ky,v.mj •    ma:  -ue; erj __ 

j   C'jrist'ijit      f x d 
2 

13.1/«. 

?i.0u 

í' 5.0/ A 

', i 
''t* 

?/:;.o 

?¿-¿.o 

15.900 

14.000 

14.100 

55.900  l±_* 14.000 

•^^'L-iL/^-^JtY ty^—JAxM 
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C.    ME ASCHES TîTWT OV FIS VE  LENGTH 

The avcra£?--  fibre length it- recognised as t.ho second most important 

parameter in the a.-^c.-.^.eiiI. of the value of top.       The importance of this 

parameter- oarmut  oc  ^von-erphan:   cd   oecaiuio of  its vai.io to the 

manufacturer in detoruining thn end-use- of the cater¡.¿-.I,  its conversion 

cost and the type an.! obéréetor of the- j-.-i-n. and fabric  produced. 

An ceri y ins indent for do temilo inj; the n;eo.n fibiv   U;nr*th of twistlesti 

filivers Yiiu  the comb poster.       The device oonsi: ta of a eerier: of comba 

separated at. interven of  1" aim.      The yuri/lo oí'  fibre;:- is held in the 

combs and oeparatod by hand find force;-! i:¡to order of length ce :T spending 

to a particular comb.      The woif.ht of oach ien.Tih ¿_'coup is determined on 

;m acciuate bal&nce.      Vhe oou¿b L-O••ter method  embrace!   the determination 

of "barbe" and "hauteur".      The "baibe" ir  the near, length uf the fibres 

in tho sliver crO culaia by usi>y; the weight of  fibre-  of every section. 

1 '?.:.-.    _!__ 

L  (cmi 
(lorißth) 

4 

5 

6 

7 

P   1.VÍ 
(wo if dit) 

40 

150 

TTCy 

000 

1000 

1500 

1. ;; 

4 O 

o. 4 
11 - 

::C.'( 

40.''. 

Ri x L Piprr 

2';. 4 

« 08. t> 

i6o.;: 

284.:' 

no 

450 

1000 

4000 

60Q0 

10-0') 

Barbe 

22.030 
3740 

5.9cm 

or< 
m 
100 

Sw-' 
I  ,- 

Si «1, 
5.9cm 

The- "hauteur"   in  the :uear, l-:nr;J.h of"  ine fib.- L:  in  tho  sliver derived from 

frequence::   obtained by dividir.y the wei^V:: of  the  fibres by the group 

lengths. 

The  Btune example as betöre ,;ivoG  the   folicwinc results: 

1 
L (era)       !       P w' 

(lengthy     !   (weight Ì 

4 

5 

6 

7 

L 
,    P 
!       t 

A-, 
X  I. 

40 ?0 

150 r/J 

??u 62. 5 

80Û 160 

1000 i 167 

1500 W 

40 

eoo 

1000 

1500 

$ >74C        ! 567-1.5     ; $>740 
J 

<lh x L) 
150 i      Hauteur    a ^-r*p" 

250 sl!) "^D 
3740     =    5-55 cm 
674.5 



Generally sroa'::a,: tho "h—bo"  ¿3   ^ joagaa:   !.ha; +.bo  "hou^ur"  ( 1(# in 

exauipla).      The "hauteur" aud ito distribution is nearly identical with 

the fibre diaara.i c.r rítanle aiaan-'i! traditionally obtained by taking H 

draw cf i'ior' :: fror.' ;   ¡.'quart d oad of top .und arranging thoia in decreasing 

order of length on a vexvei noori. 

However,  no*iudi../r.   if  i;; aot iiicnssary to  perforai tho above nentioued 

calculi'tiûPL.       Foro .-•'>.:.ò  n..:tHods «.r   determining ihe "ha: bo"  and 

"}«auteur" of tops IVìVO  or  ,. aevoiored  in the last ten years or KO. 

Two olcebronie m: chino:,,   fio ./Ureter auf' W.I.li.A. Fibre Diagran Machine 

becarro very  po.alor i>. re: cm. year..!.       Ja  uoth anchir:eu a specially 

prepared draw oí' libra; i a nbt . inou and  lea through an electrical condensar 

to measure tho í¡R?C Oí'  •-'i'br.-s along the  tuft.      The Alme ter is the more 

advanced apparsa^; end. heln- nutwir.tic,  ¿jives coapleto results in 4-Ü 

minutes. 

D. I-TEFB Ala) YEGETAfIE CPhTli*!''' 

As a ntn.nr3.ard procedura  tho mur.bor of nope, and pieces of vegetable matter 

per constant volghi 0/   .voci  in a lot of top are doteraúned.       From a lot 

of wool top samples ar^ ;,okeo,   e.g.  20g.   «very tiiru-,  and an average of 1 wo 

or up to six cr-.i ONami red. 

Tho iiiethco used UJUK ha at follow:.;:     Tn every cane a sample of 20,-;.  sbvold 

be ci.:t into 20 ot.o g.   picea,-;,  and every pieo>   examinee  separately.      Thus 

attention  ic gi/..:..> fully  to -ach piece and dreaction of eventual nop ir 

easier (see Pig.   's).      Tb-: figure of 1  nop/'/-  is often used in industry as 

a normal standard value,       it would he ^ Uor if different standards wero 

applj.ed to the .folloving fi.vo group,-.. 

(1) 10 - 20^ 

(2) 2fî »  ?2 

O)     2ÍÍ - 25 

(4) :.) - 26 

(5) *i -- ^ 

E. THE VARIATION Dì wP.I.'JLT fiiiP. UIJIT IKhGTH OF TOP SLIVER 

One can detect tho d-¡.ffere;-c-e  in tho we .¡¿lit per unit length of sliverc 

when the infide of the hail  io compared   ,/ith  their outside.       This effect 

is common to the balls mari'-' oa gill boxa.-, ¿t  différent stages of procenoing 

such ac,  gii] ing '-'ter era •dina am eorl-in^. 

This fault is moat apparent in large ball:;, for example thooe wliicb reach 

10-12kg in. v/eigbt (e.ee lüg. 3). The variation in veight can be reduced 

by reducing the weight  of  the balls to about 6 kg. 
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Niunbc-.r  of   n.-pí.      i 
per p^v   (1; O   I 

(10 i 

0 

i 

2 

3 

A 

5 

6 

No. or 
Ili ÍH l' 

o;   pi ero:   (1 ; 
v. N 

0 

b 

6 

14   JU'l'S/ 

>0 £• 

(0.2_IV:li/i>) 

Vegetable luiltcv   ;•!;•. ulti be  arrsi-i-ec   info:- 

4 

6 

/ 

8 

9 

]0 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

1 

f> t:\-n ,• 
.».— »••.ni •"•— • 

1 

Lio " Aire  i     "i:-t   fjbro 
- 

;!li..i';>ei     0 2    ' 

in  l. hi-  ;.' 

2 

0 

L 

2 

0. 

1 

1 

1 

2 

0 

0 

0 

l 

1 

0 

0 

0 

0 

1 

1 

u 

Total    «    10 

10 veg.  raattcr/20 ¡¿ 

FJGUK; 2 
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7ÏÏ?  í;P?GHU^r7!' or   "TT '".".'T-' Ti    V \ f-'VC^ r?x 

Much attention ie now ¿i ven lo  ino ini"iuenca-  of the irregularity of yarn 

on tho fabrica woven  ir ¿nitteJ  fres  :t.       At   the pret-n*   tine the nest 

Pepinar too +. :^r  .;:•-;<j-ir.» 

rniJ. f'T K>n;tn ~'- 4h 
fhr r.r.u) * • of too-Le 

of tho yarn, ina <* a- 

fe i torca.  k>f the y   ~e 

¿rai io bfc";iu'.*'   tri*1 

:' nr lucrati or when  th< 

ao¡t.»a. o.; . !v   '.-e   irrt'r'-' -i'ity of mass per 

•.'. f: ••.       He-v-v^r,   to.-» qee:;i ion   ir,   to vU-.t  de^r^p 

e  ita-aient;,' eí   ra-c  r-;J -a-a.! the true  «jua'Uty 

co ;i"1 by U'--J^r.-  '•,-•!  kn i ''.». ".' a.: th" basic 

h •.-. ' ; i   jt:!•//!  in--,   d] p»- i.-Ti.noe of the fabric. 

otirr larrrv?*'a.-  -'h\ "V. "u:;t h«  taken  into 

li*;; o:' .y.-:m  ia  -^<»  »auto-:! rw.r   completely. 

"P--   Mf.jf!iTH"i-   * i if»        !•"»•* , •*- nvi ' ,r   - f       ¡ ¡ ,..,.-,. .   •-,?,  ,    -,.f vir  '"   'm    '/ni 1 lirhT 
-  .;      --   -   - • - •   , j     '        -      •   •   : ,     -      ,. •-   - ...-....- ••.'•- -  <_ - 

oa<aritur,   each cnivah:':  in vorr:\-'--d èravàv   --.-j be CIK,C'"OO ao  thic  gives 

the control  of the ''rt./ii^ a-a.      Ttu..-  recomen rucre r.^u.-risary when the 

m;.,l>or of cira vin/* ope t,. , ion?; ore- riduco;.       ÎTo  scienti fio theory of 

t'"ií'titi£ har ye4-  been cioariy o:.: ibl/i oncd  !n eUi.Ail, but   experience  has 

LO'.ti-i'Jieicd the earlier view of   tee necciitai + y of a hj<jh  total doubling. 

The  total doubling hat- been lowered troni ?a,üOü to '/Jo.   if not  lower. 

wevcrthel<a..s,  the  reduci, ion oi   the juiaiuer of opor liions ¡-'¡aftru îles the 

f  feet of any accident,       in fervei proeeace-- with 10-1f drawing operations 

ji Hj-'cident .-• I píe-cinc or thinnin.e coala be orf ,et b.y t J to nurnerour doublings. 

Tbie canno'. b<i counted on with tee shortened  proco säet, wnicn,   therefore, 

;,-•,d !,'0.--e ». iJ  OIO.J.Jì: control bv   '¡ally  inspection oí  tho   ti ni ""ned  rc-vinj;; 

The Kit.i o .if *h>-: observed coefficient of Variation to a limit in^ value of 

the- coeff jnit.-n'   of variation can be ertabii :;hed by min g the Ma.rtir.dnle 

fenauj ±.      'ihir, fermem of LituT - -''\ ;say have  two lome c'-vih?» however, 

the bane roeulte. 

(a)    liait CV *    Ü.1014 x  H x d x J Km where R -   1J1 

(b)    linút CV 
1C0 /l  4  0.0004 x CV ff' 

/n 

d = diameter of fibre 
in micron3 

Hm - in e trio count 

where CVd =• coefficient of 
variation of fibre 
diameter (accepted as 25%) 

n - number of fibres 
per cross section of yarn. 

Verification cf these two formulae 

Ex.      Yam l/y> Nit finen '-¿¡i    -    2ùJJ- 

(a)    lirait CTV 0.1011 >- i.n  x ?0 x 6 

t v • 



wmm 

(b)    limit CV    =   ~ 

ii 

limit CV 

- 11  - 
r~— ' 

1C^! v.!   -*   -"'.00').!   :; f.'V.f 

100 7ï~T'Z^ÔQÔ4""x" o^r; 
XI 

CVd    =    2Í3% 

62:3 x 0.0004 
0.2"; 

IUP y'!.;1;. _KJO v   1.12 i-jo 

971000 971000 
"   "        *       144CÖ        c    ¿-Lurow (known formula) 

20" v 56 

limit CV .,   n.% If Zellweger gave UG CV - 18?é, our 

1696 irregularity index is    I    .   -^ 

«    1.33 

AB a spinning miJl manager wants things  to run ¡lonaaJly, consequently he 

does not want  too many end breakages.      At any rate,   to have  them within 

an acceptable  llrnit which he knov/o from expérience (for example,  .'.'0 

breakageVV'O  npin/h).      Por chi« reason,   the firmer chocks  the suitability 

of finissheti  ."livers for spinning 'W inspecting their cross-sectional 

regularity.       If the roving iy  rondar it is not very likely   i hat the yarn 

will have an excoasive number of weak planea, and ao the rate of breakage;; 

will be reasonable. 

Experience ¡shows  that the irregularity index for rovings should be always 

below 2,  and the c-ounL does not eater into consideration.       If the value 

is  1.6 we say that  the f.'.riished sliver is • Wrprepared",  by this wc- 

mean that the  improved regularity of the aliver "light be meaningless, 

and that  this  seemingly beneficial aspect will nout probably not be 
found in th" yarn. 

Calculation of Jte^-ee of Vartertir.n for roving from the last finioher 

ÎEhe count of roving lira =* 4 (weight 0.23 g/m) 

Fineness of wool = 20/* 

limit CV = 0.1014 x R x d x Ji< 

limit CV - O.IOI4 x   ¡.11 x 20 x 2 

limit CV .-_• 4.3%    Zellweger gave us CV - 7.55e 

Index la 
4.5 l.7 which  ir. nomai 

It can be seen that to make this calculation we must know the fineness 

of wool  in micronr. 



Vie might want to know which yarn ir  thv n;ore repulir. 

Yam A       l/5(">    ü    *    20^       CV% ^8r,r.) • .m Index - 1.5Ï» 

or 

Yam B       l/>6    d    •.     ?\.'¡^    CTV9Í (ite)     ..    20.r>;ó    Index  .- 

To do uo ve   *'¿ not  Cjffii'Drt:   Cv   ..-.   U'.^o wit]) C*  -   ?Q.'$ 

We,  UP. it win  ¿:vid bef :>r--, cc\u\ia,i'c  InJ'u-tz-      lïo we have  te cale.date the 

index o¡"   the fir:::t yam ajid i-;ec-\n.d y ari!. 

Yarn A 

n 

limit CV    = 

?0"  x  >ô 

112 

Jiò 

*J     •=    68 f.'bros 
14^00 

1,1.%    Inaoj:   JTt5 

Yarn B 

n 27J02Í1 
?A/l2 x ¿6 

limit cr; ill 

1.55 

97.100 r_ ... 

17000 

—    -     14.9?«   Iiric««^ 1.36 

Tho conclusion,  c; ?*:r as a short-term variation (loncha  vory short,  8 mm) 

is coru:o>iTH-'ù,  would b*- that ulctiu i^i'ir.e C'''s ,u-e ùificrer.t  (A ... Ifi.^c and 

B ;   20.%),   thir; fvjji he erplaimd by th.- dif ie-rono";-; in  the   fineness, but 

Indices í'ie  the tiaae,  DO there is no difference bc-twoon. th'j perfection of 

spinning of theuo  two yam.:,. 



3 
Long Term Variation CV( IQO m) 

In addition to the abvve v.it.ionoi'   tcjta ani calculi*Iona,  it is 

neceor5aiy to  }?^r,i •,>...   f: ,   ..onffi :• :. -ir   U* v.ri.t'oa   5f  ttv> cunt   >r .;•.- 

tora variât id;.      ThJ ;<  iu Jour- fir.  ]f,irth; of 1-0 m of yarn.      10o 

measures ¡.s br-in^; f;ko:i fro:.-.  ",00 b^bir.r.      Th- r*.;ultc   *re am^rl 

into   ;;,0  rri'-upJ,   or'-.).  *.-î"   S   IV.-JùIK^J. 

Ex.     Lot  VjTJ-W 

44.11    x 

46.25 

40.26   x 

44.70 

4*'. 63 

i ' /45 -e    fineness  ; ì.r> 

^•9y Li./    45.99 

Moan (of >>0 »fronpü)  ^     46.05 

Mear; hin¿:». 

31. Dcvi/ili^n 

-     T."16 

3.116 
2. i 'o9 

1->:9 

CV(1C»0 m)     -    JA-iM. 1. ». VJ x   10) 
46.05 2. Síi 

44.94 

45-57 

44.r^ 

46.44    x 

44. ".1    x 

man Ranee    *   dn x £ 

11      *   nusíber in 2 {jroup 

dn    «   faotor dependirs^ on n 

ií n   ».    b   dn    -   2,5259 (obtained finn 
tablón) 

2?5.5b j5   -    45.12 

The coefficient of varir.tiun  (HTIOO m) should be always in the r«--ffir>n of 

2-'$,   tic r-ouiii  does not  Influence the rtault.      If it ie higher,  l«t as 

say 4-5.^,  ttiii, \,'.V;JM r»enr.-cc-it a dvn^t-r of having visible bars in the 

woven nr ^.i t Loi.  íY'l-ic.;. 

Ptutif'i. u. .Li <>\\_ uf'  t. •;<•  ;   .r.iltfì 

KJC.     bol   vy/H.I'i    L'l.n^ Twing    i.175Nm    Ya.Ti   I/45 Ere 

*T* 

No. Dri'.vi !'•;_J- 
Operation- Dr.nL. »)ra f 'A'jtíít /••„      -,   ''    ,•       j  > In:3'"•:•'     f 

i     /     >     •      '•        i ,rJ   -     |    Irrr,-: J- 
(m;.)    1   V/IPJ r. 1 a^'ll ; <• :, 

10 

á 

2 

2 

fl . *. V0.5     | 60 

'.e 

64 

(3.5    : 8.6     J 

C                     i 1      M            i 

13.7   \ 0.317 i    :.'V5|    50 
I i                                                      I 

 I ,   ,     Ï Í 

1.6? 

1.40 

2.71 

5.77 1.7C** 

'•4.2 17.2 

CV( 10" -^      .-     ?.{^ 



072 "O ! °'; ''^ 

21.TX 4''; ?0.7O0 

II. 
6.5.'. 

¡    V 

it  CV    .- • i'.      f," 

In 
r   ;      m> 

idc / - ven 

4.  libres 

'H'.',.    UV Zc-Urfo^r    =    17.21  x 1.2i - 21.9$ 

/.:.   va;: Piatoci j: rov Jou::lv,   a  Ja "•-   ¡ ranu-eUc;  of  !;ha  fini ahod rovini; 

?   !  ;ar;/f  ,,. \á alvaa;;   i.i.o ratio   ;L'  tue obi-.- :M>.\I coeTl'i i? r-xii oí variation 

••  1 •'•-iír<5 valuó of ,ho co-i'fJoier.t of vara-i lion caicnaaied fron the 

n    * orrauj a ohou'Id Ir-  „aarjidortH. 

OV 

971W- 

21. y-x %175 
112 — 

7670    "   ^ 

6/0 

/,.2:#,    Inde-   ,    ^Tffi^MS    ^    1J(J 
4 - Ï.ÏÏ 

tlii:.;  i í: normal 

Ohr: .. J.hev iVct vhich vas very jntr.avs+.:uic  ,wn  >;hat after uaiiy  -costa,  it 

vas i .Wi that tho :TJ<V of the  i-rc^asrity vu; hißhor foi- lioavior counts 

«'••lì  i^r-Her for hipicr counts,   wlaa all.  tho yuras w.vre  '¡p.¡n  fron wool of 

t.'to r.-mia :-ju:<.'LiLy.       ïao table  Ueo /ir?.  4)   v'liaurateR  ibi:.: point. 

T,;o  : arar-toja,  CV  (e :uit)   nbtoinod f'Xac ZoLlaocor and CV(10û m)  obtained 

by c-V.cul .l'on,   together •••.':.•-.-;.:.,•• „raj :   i;yA.  i.r-a^aÂarJ t-   of any  tested 

;-rn.       They fona,  aj iL  la knovn,  u¡..,  vital  -«offi oient of variation, but 

wo quoto thra ...eparaunly. 

To :vjimnarj;;e wo ran r.oy that the a-a on- 'l'amor,   baaed on capacitance 

nc.'rsio-or'.-nv,  ricioai.; UK-  nhort  ir;,¡  /iriation.      Thi,   vacation io 

gcr orally ^trobu oi to ton i c-j.-o.-f •:•-i-. -".Cii of tii   draft in- oystem and to 

tir.   ranaco (listributi01 of t'io THüRIO • of  fibra•   ¡n  tho yarn :: notion. 

£ci..j.use of thia roj.6o.¡¡ hiatait 1; 1 ion of the fjuro:;,  a oort.in ¿tu nimum 

irj   aularity is .il;/*.yc pro sont  and vhia is  oravessoid an a liai ted coefficient 

of   -ariatjon of rhort term variation.       Tire- type of vari  lion f;ivo:; tho 

ap.'CaiMr--o uo dark find ligia via-e:;,  very r:c ticoablo i-,   .oittod pjoJ.3. 

Up t-i  j.ov,', it has not boen pota.ibi,;: r.o   ho-ja-oa   the man'."'-t-f orino; arceos 

Lo  1 ..eh   di extent   that not nor,.   Linn the ñauara irroo1  aaty   (limit CV) 

.in r,siciiu(:d.      Each .".lachino causeo; aooitional  i r regular i. Uoo,   and theco 

-•'•iitior-'.l irregularities  thoaaalves aive additi Oí'u. oeriodioal oro^D 

.¡action viriation^       The Ir-u^il^ty  of .-^y ya-i ah-cnl a bo  always 

í-   •.••úb..d by 0     Locrh. iv;o   ; ar3.Tetors  ( .) iii.oy.t, 1 .:.rm v;ñal;irn ana CV (8 mm) 

I-    • '»K ;''^ vari.'tîon    •fv'  ( ÌO') ;i).        ?hiz  v.a- ..•vpla:.ïiod ara, i ILvtrated 
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Co tint 18M I9p 

1 .42 

20i>       1      22»i 24 v 27i (microns 

1.45 
.._ 

1.4 

1.3/ 

1.37 

1/32 1.37 1    •> r 

1.3 J 

1.3 

1.33 

1.1 

1.3 

1/36 1.37 

1.35 

1.35 

1.25 

1.32 

1.35 

1.33 

' .3 
  

1/40 

1/45 

1/48 

Î.3 

1.3 

1.2S 

1/52 

  

—          |      .     . ...*__.. 

1/56 1.32 

1.3 

—.     
1/f.O 

1 

FIGURE 4 



i'< Ih cxiinìpIsÉ.'. 

il•_ ".ü lfl '--^ civ.;-L 

!..   ih--  "'.aU'.j.   ,.   «,.'..••  et. uni    .ht   :-jnr.:v.l u/.r'- ruy  uo used  (ECO Fig.   D). 

,,ì       _•   ,f \<->'r     vi    uico! : /•• w..:V   f." nitrii   thr; count und 

i   ' .•   .i;-,;      tV?   '..':.    >* i    *- . 

fV, «    4 •   ,-,    .     >v^*   .    '      i  ' r  , r 

i>.   „K- {".'ilvO-i.   cii'i "    'i\*    i-iuirr 

', }   . 1 JJ¿''¡    £V V. 

be   . 

r  ,   :Jte 

l'ho valued 

,r "  ,-.,.  --i • .:7  ( V.,:) ;.-.)  ve ,ib L'.1 !.o J   :: "evioursly 

ì.;i   ••:   -;•.••  ':,/   -.'h!..- ( f tv (!:•)   ••) 

tri.   'i*. 1   tb"  :u'»;U(,.'   vílu-v   rjhuüJc   bc  t'irti. 

.v a ui<"':   V' r-tr.. 

•'  •.-."•' W'J obtaifKjtt 

.•i.ny 

i     ?Ì!V. ..Co-   i 

„I 

i   ("'••) 

fvJ 
! v* 
j  i/?» 
l   1//: 
I 

i/10 

U) 
i 

CV  (;O0::i) 

ì    i.v-r^c-     ! 
Tota] il 

Avevate 
i  V duo' of 

"b - ;v/ ,>.:>/:   ?-..'•••":;   ¿.'/o:   :\04:   ?.£v 

'J,°^•   ?.' ì '   • »Ie' 

2$ - w;       ?.'¡4; 2..f,î5; >.ò: :''.¥> 
i 
i    o   •••/.   -,   A^.   ;>    -7 
»      ••'»it        • -1> ;     '••_'! 
t 

• • ¿í 

I 

C,   i.iO:>n)|  ;;î  '(1cict) 

 1  

2. M 
2.66 

2. '>(:• 

2.6? 

:k!.vJn/r ostagli sì-ri ...ut ¡'V   (1(»0  '.-ft pror.fvcJ a• fellows.       Firstly,  we 

•raonUtc  6. 

cv 6 >:   1JàJ-2 

i 00 
t'.O^o'   í Nn 

An cario ve control  th- count '.-ti v x 100 M (t> bobbins) -  f>00 m, the inner 

1 iiai.tr! wo'iirj v>" Acr   1,-<*0 l-m. 

Tiiuor .1 im'it-    -•••    Nm -   ¿' x vi.O;";7: x Mra/ V ^ 

<1,i Í ? x 0.0, u-7   x 4fV'-/'' 

40  -  10 -   -'/.S1,  -  49.1'- 

Gm..-r limit:     r     Ni:; H-  3 x 0.02t5 x fc//? 

a,i;   j.  in: n,:nti;r;ei l.of.r-,  fxr-t oí  ali   che coefficient of variation of 

ih' Ic-is^îh 0J   lue ..J iru; -., be cjtabi: cbeci. 
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To niapljfy ine t;uk of th. o vculunj: cr,  .a table with Limit values may 

be  calculated 

(inter 

L!;|i.i.+ 

L-'iTlL'J" 

r,Q 
-t- 

?y. 
1 

/"'( 
i 
1 

V A     7 / 
y « •   f    - 1 v.. v, 1 '/ 

1 
t 

4M 

4o.'< 

4-1.0 

i/4 

i:'-":": ' \ I 0 jl<;r 

! ..-..its.; 
i 

!,'r..i. t" 

.    .    7 

1 

! 
1 
1 

i 

'•,,'/ I , i • < 

4..^ 
i 
1 i\ '. 4- 

/|6.C 1 
i y>J: 

//.. Vj i i -t.-' •  . 

_L_  ..        .  .„ 

Comparino;) oí'  th<-   ;.'nmt ob - cyptl v.'th   f\v.-  -   ii:.-¿  a—;mlatcd ¿7 i ves an 

irnmecíu!t(- Jíjuicüt';   i oí' it oí' .'-(-¡.¡r. n  tu ne*--?:::j.'-ry.      If a value 

el   0b:!0rv«(?   cc-i.i,f.  1.;  belwo."-:   m/.^r J i :>. L *, : •,   no -..el.'.on  in  i.riken,   if it  i« 

between inner arid  cu'-tr Jin; ir anoth -r  . ample J s r.o-, ecraa'.y,  f.r¿d only if 

thia- too i;; ou* rioo the inr.er limi Lu  . roula  corree tion be made.      When 

the valu- ul"  the observed coi'V,  i? out; io>:  Ihr xicüts,  allevati on cf the 

change wheel   ia rc:jori;u,end.ed. 

TI it.- dy : tr.cxetr .',  *rv;:r; lo wf;ch  r.h" ya-n: if! subjected when tonfile strenf^th 

an?  elüctir-i.1,/ we   maesse! aro ci  fuu<:ovvv,¡al importance.      To get  a 

reaaorr.'b'':   aocuraJ •;   ¡-«A• M.,: v:.Jue and coefficient of variation cf atrenrth 

at  le.art "0  U-r-t-    ;}o aid  . o oaken.       A,i automatic 'faioaometer ricalj  with 

thin t\po of te..',   -a.ry of fi ;• .u-aLx/.       Xhi 0   leol,  however,  takes much ti rae 

whan tí.-1 crdia-iij;  penculuin  t/p.. of tes^..  is; aoeü.      A.>  the ti.ae in 

making rtaenalh + a.;iu Ci.-not Tv- raìoce i,   tue calculation ¡TULi   Lo shortened 

if possible.       Kor   ;-al^a.ij.t..--i/: t,,.,. ce-effioicit of variation one can use 

(a)  the full  -letiioc  of cUculoi xon,   (l)   the  noan   rouf.0 cf a certain number 

of group,;,   into v.h.ich Ve  re 'ilia; at.-  cavici d,   (c)  H practical method where 

the M'^urop oho-4   j ri arav/n aro;  where  an aveoaeo strength and   tne standard 

deviation are cn.lcua.ited  (oee Fij. 6).      Over the  iat;t years,   not only 

the raethoa of tor: tin;- of y an. hat; be-on jn.raoved,   but also the n-ethod of 

analysis of the results obtained. 
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It is; of !.. a poetili..   that   the yarn with a J owe r wean va'l uo of ¡s trench 

whore thr varia tioï   in ;C>, 'on.-th ic i.naller,   is better than the yarn 

vith h.Lf,':i .ven:  vainc   but  Lieber ^ivi ation.       If the rucan value for a 

part icuJ •. - yarn,   }ri   ¡.-  .uiy,   1/';? :»m in  .-:.•• ¿ ir; P ...   ¡>;  rr and 

07 * 1t?¿,  -ihoii 

^•í.íLl'.'i-.Ju 

There for-;,    I 

Another vj/n 

^ fc 

ry; •- .]';  .-.-  105 ¡; (this would be the lowest 
value .-L'i tir:' pet .-.Í' dl results) 

•'.ad OV 

6 
1»T',   the-: 

V.S)d x   1ÙO 
10C> 

Therel'oro,  iJ_  - 180 - 97.a -  82. ¡J í 

In other wordn,  in th<-  :,oeond cace  tae no.u) valen Oí' breaking load is 

iriuch hirhcr,  bu+  dao to the higher variation in breaking earength,  the 

minimum bisalvine strength value in lower. 

Bo3ideo thy wean valar- 0.C breaidn^ load and the minimum breaking strength 

ve íiíioülit cal calato  tiri coni i dene»; interval of mean vViue. 

confidence .-Interval, of moan -~ moan value - } x. atandard error 

0 St.  error n   =    100  (number of teste) 

(a) St.  e nor 

confidence 

(b) St. error 

150 g± 4.5 

3.25 

1«0 gì 3,25x3 180 g í 9.75 

/number of test:; 

••      r—      --        i.j 

noo 

Lntorvai    -,    150 ß -  1.5 x 3 

145.5 s- 154.5 g: 

Vico 
confidence innervai 

170,?:) g - 1U9.75 (5 

The interpretation of these result;.: ehoul:! be as follows: 

If we repeat   the ¿KLO  te:ït y^irl)  Jct U3  aily o0 timCt  the  chances are 

that  19  Umor; out ci' 20 the dean vains would  te for (a)   between I45.5 6 - 

154.5 ç,  auu  for (h)  bf ,ween  170.25 ß -   109.7 f.      At  the  came tine we 

should oetabJ.inh a re.aonabl;- correct  CV of street):,   which would eventually 

be a very valuable   i !.. : e alien cf the quality of the yam.       At the sase 

timo the ¿./fracü   v -ndtn can be preached In a fora or  tables  (see Figs. 
7.   C,  S?). 



Fin ones:: 
  

Count 
('¡ii :XX\'. 

L.;<jr.jrp) 

C> H •ÍTicIO'.t  or Variatici 
of Strength  ('Vj) lw\i) 

?otnl 

1/20 !'».4 13.6    17.7 iv.y.. 
1 I ' ? 

'•'"•'•' 

Tí.'? 19. »i    IV.4    l^.S iy. -"'2 
y% .',:-. j 17 20.1    18.3    19.6 18. ''•', IO.72 
l/;>6 :>/-;:•[ !¿>.  / ¡9.2    19 19.?-; 
iAo •'IM «> / 

11 —,- / m.!, 20./    20.2    17.4    17.y IB.? 2 
1A2 20-21 12.^ 18.1 lí^uj 
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I.    TWIST AIHi i'io UlbThxj'.Ji'iu;, 

Thi. í'    J,    . .    .    . . , tl  ....  ^    _   <;        ., ^   - ~ 

variation :;lìoutcI te OHJ.C-.íI-at e-J.      T.V coefficient of va»¡";lon on rt 

leant  thiw lorifrtMS ahouk'  be  established.      v/her> •>.*.-, is;  lone all 

obtained rrru, ij ; 'louici  i<-. compared viti:  the e— allien,-„ curve. 

Iliis is aggiri a very useful  ir.iiic ¡.tion of'  IIK- twist di:,'.-! t ut i:,is,  *hlch 

nho'ild bo ac uiiifoi- as posrilld, but   -.¡s wt aUeacly kn<„r Uu , factor 

dopend.; tu a very marked de^re^ on n»ç rhort toiu variati :,u •_>.  the yr,r„. 

Tho illustration of twiet variability (C\f:) vwicuc lqivth íR given by 

the foi Lowing car/c (Ece Fi.£,   10), 

• 
1 

>        1 *- 

1 — T -..   ,,{   .      .     j 

j cm 1 1   s 1. . .H. 
1 2? e?. I 27.^ 

;    ~               j" 

7.0 r.n 
P*:W -~ f .   ...- 

in.'/-;' "1 ••    <•. ', 

1 
1 ';.:•/• 

t 1 
. __..   1 ì 

f 
lü.^' U.;-,' i <).••<   »    fi. VÍ! »     ,          -, 

r    7 ' 

in   (••>,'    '11   -.-'    '        -,-'    >     n   - •* ' *   r ' 
Xö.bp   il1.^/»   •   t'.O/j    !      f.ytJ- •,•<•;• 

 i      -      I   --'-.-i- -J  
Iiï, 

19.'^í 'it.9^ i 9.6¿       7.^í< ';..;' 

 ~ "     i 

e.6    ;  7.5 i ^.?. 

19. # ;»-'.>.# 

I9.I3   'Jr;.? 

.-»• 

pfOOHS 10 

--—t- 

5     10      15      20      25      30      35   40      45      50   CM 

If we make thi^ typo of test wo are in a position to evaluate core rapidly 



- ?6 - 

and objectively the por.fornia.no'; of one twisting frame against the 

ethor, ajià, cf coarto, the yo ni ..tself (.see Pig. 11). 

«J .        u LIIIJ.'    •ail.'     U J. IM -t.' I..  >j    LOlii   '».Mi 

Objectionable  i.-.uitr. ohoiuo be cliuii.nnr.ed by  the clearing of the yarn 

durine v/iìidin^.      Come iEpiuiuie"; ;..¿¿y b-.  •".v..J.^v by coir,« preventative 

•? jiùiabor of 'leps and 

• even ñt-irlin/r the- processing 

uíir.hee and constantly 

control method,   lü; e o necking :\r¿ counting t 

vegetable luatter ctrfi  •!:^k  ir.ir ir: ^opj be "or 

oí" the yam.       S"*a::dard '.aire: s'iould be Cot 

compared with nev? Loi:;.      The tf.:.:tH can b-_   oarried out on the orriinory 

wincUr.£ inaohi.no.      ll.o ¿v.'iLuai, ¡ou in  done Ir;  arrurrji n{" tho iruparitiof? 

on paper a?id calculativa the nur.ber of iiiivux'tir-u per unit of weight 

(see Fig.   12). 
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Lot 20*45        1/32 ton Black        2,#5       cleaner No.  - 3       Speed 4OO m/uin 

92 brcaJcs/^6 » 2 ob > •-.'cako/bob 

1 bob --=   130 ß. 

% bob .-,  4.7 k¿ 

4.7 k£ •--. :)2 breaks 

(1 kr    -.   V).?. breaks) 

+ eventual  hj/o'îkr duo  to 

weaî; j>J\e<v; in + he yarn, 

and knote necessary to 

join the- bobbins. 

45 47 

fflGÜHE 12 
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K.    KNOTS 

Modern hieh production «othods demand a continuous inaction of yarn 

to ma.ce sure that  tho eventual .pinning f.dts aro selectively re-oved 
Th., Cün b0 do,c du,,,e wJndlnic by thc c.jcanerst      of cours^   it is      ' 

to every »111 to ,a,:o   :h(,r .;,0:c, ^ ^ fcQ ^^ thoir ^^ 

Althourh yarn cea-y-rs a>-->  ¡r--.••,-•; i-,   -,   ..,.<..       ,     . p ^J     •     ';   -lotion device,   they .-<re al^o 
capabl... of prevUir^ valuad   ¡nidation vhieh .ay be u.ed for quality 
control (,oe Fi*.   „).      A,  Uñ sinjpJoct  thJ£ ^ ^ by ^^ & ^ 

on the type of f.uU, bei,, remold  and whether the number of fruita 

ehowa a tendency to  in,,PaBlí o, decrea.se for the üa,e kind if yam.      Tine 

toot, are a replacent, or thc faults and impurities of any kind.      We 
have to eliminato tho  fair;to w  ..„ „„„4. „..4. ,.     , -  -~.  —. ,^.Jl. JltJ1, ue ouo oraetic, otherwise 

production will .offer and we aight replace a nunor fault by a more 
objectionable knot. 



Ever.uat.ion of ta-.ot¡:/unn c-S :^í^¿_^r_lj¿í.. 

-.f. c . i ' > i   • Lo!, 

O) 
'.JO   -   9.30 

¿,.30   «    IO.3O 

IO.io- *?.¡c 

i?,hl - 16.00 

ef ;:oiv!j-if 
Hobti%   I 

Niu*b<?r      (     Promue vloa 
of fcnous {S.H) 

30 rain 

Ve ol 1/5° 

K^   : J>r7;i) "9« p,->y,. \        >•'  ; . ,02)   - 

7t, ( r K:;v>^ j  „..,_, f»'0?) en:: | 66.¡' ke/n la- 

Knoty/2obbin. 

?04\ 

I lvri   ^ Í'-'V. *o!»i í 

173/'»^    *  3*f 

391/133 -   2.5 

lo'n/336 a 3« 

2207 I .¡'..'knots,'';   kg 

(:"• 

tJ.2'''  -  DO"    ö° 1,|lu 

9.3O   •-   IO.3O     Vool 

io.;>c> - 12JV5 

i 
i>r»ftVc) 

1/H5 

! •     " 

Tjb'i) -'   ¡iO^Öj 

205/57 - 3'b 

-f- 

(5) 

8,3» -  9-3° 

9.3O - 10.30 

to. 3^- 12.^5 

t?,.t,:; _ ¡6,00 

(,0 min 

80','   Ac 
20*'   i/o 

bre nk Ì 

l-iy^j   1,},ii'^ì '°2! 
Vil- 
li 7- ri- ti 9 kfv'ü  hr- 

1(10';/)'"       ••••'"'3; 
1 721/'-'«'  »   3.0 

10';-M  •       '   III l'>7! 

vr. ! 2 Ht'.Q j  i»11aiot:v'lkc 

1100/377= 3.1: 
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