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1.     INTRODUCTION 

Quality  control can be defined as the  regulation  of the 

depree  ot  conîorn.ity oí   the  final product  to its specification. 

This   r.neciiication may  be  objective   and  formal   but  in  knitted  fabrics 

it   is   oí ten   subiettive   and aiiiicu.lt   to define.       A discussion of 

quality  control   in  knittinr must  therefore  bepin  with  a consideration 

of  the  objective   properties  oí   the   fabric  which  need  to be   controllea 

if   both the   objective and subjective   specifications are  to  be met. 

The  number of   these properties  is  very larpe but  they can be 

conveniently   divided into three  proups. 

(i)       The  geometrical properties of   the  fabric.      This  proup of 

properties   includes the  average,as well as the  variability in 

loot   «shapes.      The  average  loon share topether with  the total 

number of   loons  in  the  various  parts of  the fabric determine the 

fabric dimensions.       In  addition,  however,  the  variation of  loop 

shape  atlects the   tabric appearance.      The colour desipn of the 

fabric  can  also be  considered  to belonp  to this  prour  of 

properties.      The   retention   of   these  properties  during wear  forms 

part  of   the second  proun of   properties  but their retention durinp 

wattinp  and drying, washinp   ana anv other water  treatment   is most 

usefully  considered under this headinp. 

(Ü)     The mechanical properties or   the  *abric.       The  basic mechanical 

properties  ot the   tabric,   i.e.  the   load-extension,  shear and 

bändln?  properties are   in themselves of  no interest   in the 

quality  assesfrent  ot   the  tain«.       These properties,  however, 

are ot   importance  as  they play a m«ior part  in  determinine the 

subjective  properties,   ot  handle,  drape  and sleaziness.       The 

hysteresis  oí  these  properties  also poverns the   retention  of 

the  geometrical   properties  of   the   fabric during mechanical 

handlinr   in subsequent  w#ar,   and   in particular,  determine the 

"bagpinesti" of such fabrics. 
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2.      THEORETICAL BACKGftrHJND 

Doyl« in a classical pacer «howed (1) that for a larpe 

ranpe of  rlain weft-Knitted   fabrics the  stileh density of  trie 

fabric (i.e.   the number of  stitches per unit   area)  was  inversely 

proportional  to the  square  of  the  stitch  lenpth,   I,   i.e.   the 

lenpth of yam  knitted  into each  stitch.      "unden extende.) this 

work  and  showed  (?)   that   in   fact   there  were  three   imrortant 

peometrical constants  for  plain weft-knit   iaorics,   vi?,   (i)  the 

product  of  the  number of  wales  per unit   lenfth and   tne  «titch 

lenpth,  (ii)   the product   of   the number ot  courses   ner unit   lenpth 

and the  stitch  lenpth, and  (iii)   the  stitch density  ti.es  the 

stitch length  squared.       These constants were  shewn  te le 

independent  of  the tirhtness of  Rnittinr or cover   factor  ot   the 

fabric defined as the  ratio of  the square root  oí   the   linear 

dersity or Tex of the yam  to the stitch   Lenpth,   i.e.  /Fex/í. 

The  constants,  however,  did v*ry with  the state of   "re Uixat ion" 

of  the  fabric  and  to  a smaller extent,   with  the  tvt*  ri   * ihr* 

used.       hunden  introduced   the  concert   of  tt.e  completely  relaxed 

state of  the  knitted  fabric, a   ;tate  to which all   ,abrics  tend 

to relax.       Subsequent work   has  been devoted  to (i)   t indim' the 

bast conditions  fcr obtaining this relaxed state  < <,*)   and 

(ii)  determining Munden's   three  constants  for various Knitted 

Structures   in  this relaxed  stat-  (S,6).       The r.ort   empiete 

relaxation   is  apparently  achieved tv  pent le  apitat ion   in water 

at   100° c   followed by  umble dryinp at   BO°f  »or .h'   mnute*. 

This work   has  shown  that   the  averare  dimensional   »rorertle» of 

all  relaxed weft-knitted   fabrics   is  d*rendent   -o!«*'/ on   the 

• witch  lenp'h  and the  structure.       ALthouph   • he  e e one try  of 

•V,rey"  fabrics  is slifhtlv  dependent   on U)   the   »«brie  cover 

factor (ii)   the machine    »ettinps   for  comrlex   t dries  and 

possibly  (iii)  the  coefficient   of   friction  i.*twe«»n  the  varo*, 

the controlling parameter   is  still   the     titch   len.t ,.       Irr «et 

fabrics  the  peometry   H  also détendent   ou  tt.e  sett ini-  treatment, 

but there  is  a tendency,  except   in a  severely  strained  and heat- 

set man-made  fibre  fabric,  for even the set   fabric  to annroaiiM»« 
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on wet treatment to the  initial relaxed state of the  fabric. 

There   is no  similar concen-.u-,    :    agreement  on  the 

geometrical rronertier. of  war,-,nitted   fabrics (7.8), but  here 

also  the  stitch   lenrth  .lavs  d   im,er part   in  determini^  the 

tinal  reometry   than   any  other  factor.       The   inportant  conclusions 

we   can  draw  Iron, ali   this  work   en   fabric  peometrv  are   : 

(i)     The  contrei  ,:t   Mitch   lenrth   u   essential   in  controlling 

the   final   dimension^  of   the   lalric. 

(ii)  These  final  dimensi-,m>  are  aire  affected by other  factors, 

including   the  nanufacturinr  hi^torv  cf  me  :aDric,  out   in 

penerai   tabrics   tend  to relax  to  a  state which   is  poverned 

suxtily  IV   the   st itcf.   lenrth. 

« ,     ,,.,o,   ,<   ',r,ittH.i  fabrics  c.-iiStitute 

,,  - ^. ,1    «-h.-x;«   are   felted   WOOl Social   caser   ot   t.e    i-cve   rue.     .   u   >.n.se   aie 
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_,   4 , j  , . •   in  »ne   first  case by Ti.is decrease   in   ler.i-tb   i.-   L>: a. C.      m 
,.   .,»  ...-.-     --is,-   •      -h*.  *.apurai   tern'-no the   feltm,'   action   an.   -i«   ti/>     e   • ^->- 

.   •      ,, >    ^r<» t'1' -d  Jt.-v;  t-;re,   the ni   the  viir.   strurt-.ir.-   t     ..e-.-i   ^e. 

felted  stitch   len:-M.  verier  -,  tn  u*   iellati.itv     f  the  raw ^ 

. ;m„   ,r, •  <*,•       • .-•      H  tor ci   tfio  fabric, material,  tn*-   :-It'....'  time  am.   . ,;- ••      vlor 

For the  bulken    tructurc   the  cellared  -titch   lenpth  denends  on 

the  cover tact.r  e>   ,'e   Mhtli   an,  the  retractive   properties  of 

the yam,  i.e.   me  cr.n;    .-:,idi- ' ct   tne yarn.       In knitted 

fabrics made   from bulked yams,  tr.es.   tw,   factors  must  also be 

controlled  tut,  sin.T   -or  a  ¡uven  count  of   yam  the  cover 

irfctor   i'   already   controlled tv stitch   length control,  the  only 

exti..  factor  renuirirr  control   in bulk  knit   fabrics  is the yarn 

crimr  ripidity. 



We have thus  far considered only the average overall 

properties of the stitch  geometry.      There  are,  however, other 

more detailed properties which need to be  considered.       Spirality 

of knitting  is defined as the  angle between the   line of  the 

courses and a line  at  right angles to the wale   line.       In a  flat 

bed  fabric  this  angle   is  normally zero but   if  the   fabric  is  made 

of twist   lively yarn  the  angle of soirality can   be as   large  as 

20°.       If  the  angle   is   greater  than   about   S° the   fabric  is 

considered  to be  defective  and  the  use of  twist   relaxed,  twist 

balanced  or G  and 7,  twist  yarns   in  alternate  courses must  be 

considered.       Circular knitted   fairies have  a natural  snirality 

which  is  usually not  noticeable  but   if  the   feeders on  the knittinr 

machine  are  too close   to  each  other,   this  may  also result   in  a 

decree  of  spiralitv  which   is  unacceptable. 

In  addition,   the  appearance  of  the   individual  loops  is 

affected  bv  the  spacine  of   individual needier,  on  the machine  and 

the  variation   in  vani  count  and  twist   from  one   loon to  the   .. oct. 

The effect   of   the  needle  spacing   and   imperfections decreases  as 

the  fabric  is  relaxed  but   for yarns  which   are  plastically 

deformed  durinr  knittinr  the   loop  appearance mny be  permanently 

affected  bv the  initial  needle  spacinp. 

As  the  stitch   lentrth   is  of  such   importance,   a Prief 

resume  of  the  processine  variables which  affect   the  stitch   lenrth 

is  also  needed.       W.en  usinr  a  positive  yarn   feed the  stitch 

.   length   is  determined  bv  the  ratio  of  the   rates   at which  yam  is 

'   fed to the  machine   to  the  rate  at  which   loops   or pitches   are 

being  formed.       The  yarn  feed,  however,  uepends  not   only on ^the 

speed  of  the yarn  but   also on  the  tension  at  which  it   is  being 

fed into   che  machine.       For the  same yarn   speed  i ut  at  varying 

feed  tensions,  the  effective   feed  rate will be   lower    for  the 

higher  tension  since,   due  to the  yarn extensibility,   effectively 

less yam will be   fed  into the machine.        For  normal,   low 

extensibility varns   this effect   is normally negligible,  Lut  with 

elastomeri  yams,   for example,  the  control  of   input   tension as 

well as yam speed  is  an integral part  of stitch length control 
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The second tension build-up  is,   tn addition,  d«t«r»in«d by   » 
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(vili)    TU« cloth tafca-d©**» tanaions 

(in) Th« y«**«  fabric coafflciant oí   friet lem. 

These   !irt"i-i <«nnot   «li  t»  raaiiüv   controlla«1  a», 

for aiiamri«,  they  -re   ..ff-rì.d l-v   »^  hu«i--titv end  tr«««r*tura 

oí   th«  «ir   in   tue  Muttnw*   shed.        It   i*   cc-mmot   j-racMc», 

therefore,   tr  deterrùt.e  the   yarn   sr**«<   ^y  «*«•   >f  a  v«m»   *r«ed 

meter and   the  stitu.    iencth   .*   thftì contri la.i s •/ *d«ustiíi# 

the  cam  ti«ipl-.t   rosit ion.       The  v.irn sr-aad m^ter   i*   «uv   «uitatla 

tor stationary  caw l.n«,  circuir   wtt — nitr it..- «-achtes,   ¿ut  a 

yam  l«n»th  counter   can  I*   used   t«>i   rotAfh,    u* ion  circuler 

machines   and  ter  flat   heü M.ittit.,- »•«•i.in^.        I-  certain  ,«•« 

where  the  stitch   ienpth varí«»   across   th*   •   .rie   -.t   is  io*ilMt 

to measure  th«   stitch   lenrth nnn-dbtructiwi-   •.:.  t r*  »nittad 

fabric  L.y extending   a  M.own r.umr>*»r of   cours«*  <* **ì«"   f c   their 

¡»aximum ««tension  and  than  measurim«  thait   «idti. r-rr»l»'Mt   « th« 

casa mipht   he   -  a  tvric*l   instrument   fr»r such  * t>urt o-.e   i •>  t1«* 

Ho««« ander.       The   »nittinr  «wu t, in* can   thai,   ia troufht   h#c*   to 

correct   operation  t-v   -nee n«rt   ad'uitinr  1he   c*«r i^sitiom  after 

any of   th« above «•••uramen* •   ot   r.titcr.   length ;«*vr   :*»n   carri.a 

out. 

in   addition  t<   coi.tr«-1 line  tue  »titer,  lenrth   it    ;» 

alao desiratle  to kaei   the  maximum tension   durine  M.lttinr un-ier 

ralativelv course  contre i  a* MCMIíW   tana ion w:U   nrwluce 

MCCassiv«  oress-oíís   or brOen   loops.        The   al-ove-mant ioned 

analytic  shows  that   this  tension   is mainlv   ¿»tarmine* iv   ta« 

input   tension,   the   coalticlent   M   friction   of   the  vi-m  arginai 

the  needles  or sinkers,  and  tr.e   stitch   lanrtr.       The   ii-iM»t   tan«ion 

on a negative   feed  machine  can   t.* «*itrvU«d  >>v a  tenairaier, 

while   on  a positive   teed machine   it  can  ha   controlled  hy 

adjustinr  the   cam  height.       The   importance   ot  «eaaurlnr   th« 

remaininp varía» la,   the yarn  friction,  -ili  be starred  to .tain 

in tha  next  section. 



Our knowledge  oi   the mechanical properties of knitted 

fabric«   i»  much more   limit».'.       The   load-extension  behaviour of 

rii.   idrici,   (ì.)   arai  war  -M.it   Ut-ri^   (13)   i.as  been   studied 

and  survrvs   tt   th.-  i endin,-  ; potties  ^   wari>-Miit   fabrics  have 

t*en   cnun!   -ut,   hut   •:••  • u¿ ì iM.ed  »<<H   ..as   as  vet   appeared  on 

lt.t   ..;,,„,   ..•.t!l,vi..ur     t   »r.ittfd  •.il.ri«--.       "'^ver,   it   has  been 

»how:,   li-»   fat   for   .V=;   f.r   '.«iri<,   studi«.:,   the   mechanical 

r-r^Mie-    arr   ..-i.tr   i •-•   :   '   *•'•*  i.'t.dliu-   an-:  shear  properties 

of   the  van,   ..r..    tf.e     T . t .-r»    len.th  oi   tVe   !airv.        f-r example, 

the   leas-»-- te:,-, .on     !'<.'M'rt u- 

lv   »^   j-it i<-   •-•-:   van,   i-en-linr 

cubed, .•*. t . a fur.- t ¡..t. 

'.tl»-t''i ;"H" BSi'iJulu'-. ;•' * . * 'I 

, •    ? Mr   *•; i ,n   f-'   :u»u: t s« 

lL i él' t IC      '|V¡t'!t:< "        ' ' 

, t   ,  .        i #    .-irr     >trlT .'.• 

(.'      r ;,,       ,41-1      4¡.   '     t •  '       *    ' 

'•   >   tt ', 

f.vr t» r*-; r    ;-**i •   - 

comvwtetiT   . *   "s   '"• •   :- 

the   rtiov»'i\   ; t« s»-rt i« 

liontvtri  .ii f f j- Uii   » 

knitted  irti rirs   v*    - ' 

In  the   ini tini   and   »?«   * 

fritta on  If t«*'i.   van»      't 

ist-   waif •tinti  are   roverned 

-lulus,   ",   t<-. tst-  stit'h   lenpth 

-,'tJ. i-ilatlv   t i.e   (oursewise 

: :    ,,   * ¡r,c-t [rv,   ci   ¡7i3,  where  C- 

., * •    ;      '.r •. a: . t-   + í   »t   <=i i   t i e 

¡l'i'       t • '   • •>• • --LS i wlv 

the  U-ndinp  ana  ; s-- T   m^dc. i 

l«*n»tii. 

•t ictional   componei ' 

' -eal-le  part   in   the 

frictional 

i ••• -r-.elv   ai ' «    • 

j       c.   ;    I  r ' .'lii'f'.l'l.t 

.    ,.c4   i v   \,ri <     ' St.     illtt'Hirt'.       i    *"•-' 

mu-     îfli'rit   and   t he   coettif.ent-   ot 

fhe   JU-nr-tt-rn-   t**t»-nt   ->n   properties  have   ..een   investipated 

In  ermi de rai i«*    letail   ¡v  «winy  authof-   i-ut   these   stu-lirs   have 

«down   that   t'.«-   r   • !• ;«•(( iHb   are   ..U-tfrmined   ì\>   so  nanv   raw 

Mterial,   f<ii-ia.    ..tru. tait-   dii.l   i i-rH.e-.si- k»   -   especially   Iinishinp»  - 

VMri«Me*   that   taf   ..i.jv   irai-tuai   method  "I   ensurin.    that   the 

fin«!   pe MI i t   nah   ¡wi.   ,n sieved   i».   t-v   the   tentine  and   d Í scardine, 

when  n#c#hi.*iv,   of   the   fsnal   product,       "ne  ohviouB  exception   is 

the  colour  fahtneßt.  ot   yarn  dyed   fa.hri«B  where  the  colour  fastness 

cm i* checked hv acceptance  testing of   the raw material. 
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Colour fastness control is such a common textile Droblem that 

it will not be   considered any  further in this specialised study. 

While abrasion  resistance  is very  larpelv a question of  fabric 

structure and raw material specification,   it  is also affected 

by  finishinp treatments and cannot  usefully be  checked exceot 

in the  finished   fabric.       It has been  shown that  pilling (15) 

resistance  is  related to the  cover factor of the   fabric but  it 

A Un rjpppnHc;  on  both  th*   fihr*  properties  and the   finishing 

routine.       beside  routine maintenance  of the cover factor, 

which is required  for manv other purposes,  pillin? can  also be 

checked only  in   the  final  finished fabric. 

A  difficult  practical problem  is  the  control  of the 

difiensional stability of   the  knitted  fabric.       It  has  already 

been seen that   grey  fabrics will always  tend to  shrink  to a 

relaxed condition;     this   involves  an  area  snrinkape  of  some 

12 -  15% and  can  result   in  manv  customer complaints.       The 

dimensional  stability, especially after the  fabrics have been 

set,  is  dependent   on many   factors  in   their previous  Processing 

history and the  only sensible method of  control will be  based 

once more on  the  testing of   the  final  finished  product. 

3.       CHOICE OF  rACTORS  TO TEST 

It   is proposed to use the above  information  to construct 

.a reasonable  overall  testinr programme  for a knit.lng  factory 

ignoring  the  economics  ot   quality control.       In   view  of  our  lack 

of knowledge   of   these  economic   factors   in  the  quality  control  of 

knitted  fabrics   it   is  then  only possible  to indicate   in outline 

how this programme would be modified by such considerations. 
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The testinr programme is summarised in the Table 

below  : 

(a)  Yarn Tests 

(i)       Count  and  count 
irregularity 

(ii)     Crimp riridity 

(iii) Strength, 
extensibility & 
hysteresis 

(iv)  Twist and twist 
liveliness 

(v)  Friction 

(vi)    Bending modulus 

(b)   Process  Control 

(i)   Stitch lenfth 

(c)   Fabric  Tests 

(ii)   Input  tensi 

(iii)   Fabric 
desiprc 

on 

(i)   Abrasicn  resistance 

(ii)   Fillinr 

(iii)  Dimensional 
stability to 
washinp 

(iv)    Colour fastness 

(v)       Irrepularitv of 
stiteti  formation 

Let us briefly consider each of  these  tests  in turn, 

mentioninr their i urpos*,  n,e«...r„c 01  test, probable relative 

frequency  of  testinp  renuirec,   nnrf  rrtariv*.   est. 

a(i). Yarn cuunt   and count   irrerularitv.       There  are many 

standard methods  rov measurinr varn   -unts  (If-)   and a proportion 

of knittinp mills employ  such  method.  lor   mutine  quality  control. 

It   is clear  Iron: the  rrevious  section  that,   taken  in  conjunction 

with stitch   ienrth  control,   it  provides  a  very  simple  means  for 

controller  fabric  cover  factor.       However,   for commercial  reasons 

it   is highly desirable  to maintain  a closer control  on  count  than 

would be  justified by  the need to maintain a constant  cover 

factor.       Yam   is  purchased  by weight while  the knitted  parment 

• s sold on the basis  of fabric area.      If,   for example,  the yarn 

is   D% heavy  the  manufacturer will effectively   increase his  raw 

material costs by b%  (as   it   is never practical to alter the fabric 
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specification  for each batch of yam to match the average yam 

count).      Count  determinations are  therefore  used not only  to 

maintain  quality Dut  also as a basis  for claiminp compensation 

from the yarn  nroducer. 

While  the  determinat i on  oí   varn  count   is  standardised 

and  relatively  simple,   the  number oí   nocible  methods and 

derived  statistical  value;,   for yarn   irregularity  determinations 

is  idire  .;:id  there   ió  ;.c universal  a>-r*rfci.iei.t   -is   tu   lue most 

suitable  test   method.       Inter-laboratory  trials  have  tended  to 

show  that   the   variance  oí   weipht   r-f   if   cm and   1  metre   lenpths 

are  the  most  desirable  and  these   values  can  be  reaoilv determined 

on  electronic   irreeu) ari tv  testers   (17).       li.  ad<îition,  some 

check  on  tne  numi.er   of   sluis,  n.ots  and  thin  places   is  desirable 

to maintain  efficient   : reduction   (IB). 

atiij. Due   tc   the  effect  of   crimp   riridity on  the effective 

stitch   lenytn   m   fabrics,  ma ie   from hulked  varr.s,   it   is essential 

to enee»   the   uniformity  of   the   crimp   ririditv  of  the yarns 

^u:-(l'*ed;      nherwis.-     t real- s  will  ;e  produced  in  the   final   fabric. 

standard  methods  of   test   have  been   devised   for  measuring   the 

crimp  ripidity  Uu).       These  have,  however,   been  criticised  as 

net   beinr well  correlated with   the  actual  retraction behaviour 

of  bulked yams   in  Miitted   fabrics.       An alternative  scheme  of 

test  (2i )  has  been   suo'ested which consists  of   taking a  skein  of 

yarn,  relaxing   it  on  the bed of   a Hotfman  press,  and steaminp   it 

for two minutes.       The  skein   length   is  then   determined under  a 

load of  0.1  p/den  (I   )   after one  minute  *nd   then after  the   load 

lias  been  reduced  to  o.OO?     /den  ( I, )   for  a   further minute.     The 

crimp ririditv   is  defined  as   lOOi^   -   t?>/l;.       This method, 

however,  has  not   been  extensively  tested  and   for comparative 

purposes  the  standard methods  - f    iete<mininp  crimp  ripiditv  are 

known to be  satisfactory and consequently  preferred, until 

further testing has  taken  place.       However,   in  this connect iori, 

see also section H of  this paper. 
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a(Ìii).      To prevent nress-offs and broken  loopt it  is as well 

to check the yam strength.      This, however,   is much more 

important  ior varus  ot   relatively  low strength, ..p. wool   yam», 

than  ior yarns  ef   relatively  »ich  strenui.,   e .r.  bulked  uvlm» 

yams.       A  knowledge   ri    the.   maximum I«ü» ii.v   f.trennt,  ana   the 

variability oí   the  maximum  strenpth   is   rcmired. ever*! 

automatic   instruments  are   ..vaiUMe  ior  tías   purpose 

The  van»  extern il ilitv   it  "t    importance   in   the 

specialised knittinf  of   elastomeru   covered   yarns,  hut   in  other 

circumstances  there   u,  some d isarreemet.t   or,   the   importance  of 

this  parameter.       The  tir-re  extensil i li ty   and diameter  are 

important   in  deciditi,   whether  the  vam   can  withstand  the   <tharp 

b.nds   produced i.v  the  knittinr  étions.        It   is  désirai le   to 

test   yams  during   tue  développent   stare   Sor   tes   reason   tut   it 

is  unlikely  that   tt.e   t i ; re   ..-.rerties  will   ..¡.«nee  marked i v   fro« 

their  specifier   values   an.:   it   is  unnecessary,   there I ore,   to 

• -,.  >.i.»t   *»vt«.fisit i ii'v  testiin-   tor  tes  reason. carry  out   routine  yarn  exvenan in-»   'r!u' 

However,   it   has   teer    ^n'-tf!   that   thv   .lvnar.ii   e*t ens i t» i litv 

Of   the  yarn  r.a.s   ,     el it-, t   oi.   "=e   «.it ormi tv   ot   t .e   loot    share 

j    t • >,:,,.   :.     ,,,,., „.,     t,  ,.    n      »«:• HIP manufacture,   such and where  this   *;•   iUtr'Ot tati ,  c» .   u      • «-^ » 
.  .     .«   ,.„» « 11.•,'        TM«.   test   is discussed   further tests  mav  need  to  . «•  totit»iaeiei,.       u • -    i^»» 

in Section  >*. 

Tue   /am  Muterei is characteristics,  are   ir ort ant   in 

that   tney affect   the  "bmpeiness" etc   of   ttie  tafcri«.  i-ut   «uitalle 

ttmfft   tot   tue  complete   reJife  ot   cms   used   in  cittin,"   «re   not 

•veilat-le nor  it   it   certain  that  they  *r*  nece*aarv   for  routine 

quality  en-1 roi   test ce        *   test   t rcedure   f »r   rower  net   t africa 

i*  «vail«Me   l.l»   : ut   modi f Uati-«i*   to   tt.i»   ten   have   Leer, 

• Ui*i»**ted  recently   (.. >» 

a<»vl. A  simple  examii.ati.il. ot   tue  yam   tot   twist   livello««», 

based  <4i  a  vir.ua!   a-wae»»ment    d   Us   tendency  to snail,   i «*   nuit* 

Rufticert   to  r.rewnt    tat.ri«    fault",   fror   tri*  oau*e.        The 

m»ai.iit*-mei.t      I    t e   attuai   twi'.t   and   twist   v„! cC 1 M .    i»   of 

i«r-«.*tri.i     •••.•  -»''•   cace  tihre     ire,   and even   tor   -.u- h   vani« 

Ottlv   '.{.•    . '.«•• M    <,rt~   ir-.iuired   o    »-usure   ts.*í    tt.e   íéH     gaaiitV 
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is belili raasonaMy *»H maintained. 

,(*) The  wtiurtwiit   and control rt   yam  friction.       As was 

noted al<ove,  th.»  varn   friitu* affects t oth  the maximum knitting 

tensior,   -   and  heme   the  tendent v   d   the  vani   to hreak   durinr 

fìttili?   -  **  *ei¿  «*>   the   stitch   leru-tt    »n machines   usine  iterative 

feeds.        Th<»u|?h   the   ititi i    Irnpth  should  he  control led u.sinp   a 

yam «p««o  «at«-,  »r  M-Miar  device,   it   is  still  désirai le  to 

saintair.   r.ofw   ehr-. >    -.r.   the   var*.   friction   tc  ti.:.urr  efficient 

production  an«)   to check   the   1u.:iljtv of   the  anti-friction  diossina 

applied   tt   the   vam.       It   i*  es.i.ei,M..i   th«t   yam  friction  ie 

tested under dynamic  conditions   v   it. the    hiriev yam  friction 

tester ( J1). 

at vi). The direct determination of  the vim lendini   modulus   is 

difficult   and  the isa t hods  avallatile «ir«  only  sul tai i"  í >r use  ¿n 

« research  laboratory.       Tha i*ndii.f modula«,  however,   is  unìikelv 

to vary   te  ar.v  extent   í.r  vam*  made  from  fibres  >A   constant 

denier.        *s   the  denier   ot   iMn-nade  t U-reb  does»  not   vary  »-reati- , 

it   íJIIUWí   that   !'.-t   tf-.iî    - -f   --**   :•   ^    sufficient   t«    check   the 

Mhre  diameter   of   staple   Ml"*   vanii, nade   fro», natural   fibres. 

:,Ucn   a  check   is   common   i-.i....tii-    < • <• I  t-sret.wUv   lot   woollen   «dins. 

II,«  yarn  benditi* «todu.ui*   is   ler^-nuent   on  the  number of   fibres   m 

the  v*m  and  the  t>endi:i>-  «-«l>''u-  's  *h«   individuai   yarns.       •* , 

the   hixt  bandín»-  »dulu-   dej*.idt   on  the   f iL re  dimeter    u-i  ar. 

»he numbet   d   fibres   m  a  v.im   M   riven  ccunt   alsr depends  solely 

rei  the   fibra  disaster,  a  check   on the   litre  diameter is usualIv 

a sufficient   check   on   the   yarn   l-endw-.-  modulus. 

The  stitch   length  and  va»t,   input   tension  are  the  two 

critical  processine   tararne ter«   that  need   f>> i>e  controlled.     '*one 

term  >*f   vim   speed  meter   Is  essen tirtl   "wii  when  us in,-  a positive 

feed to prov ade a calibration for the settings r m the positive 

feed. •thorts   < t   checking   the   yarn   sr-eed   meter   are   d.sensed 

for*' ;    ' "   "• t i t ctì   ieiirJ: 

%!ri ,        The   yarn  s»paed  met 

ted   in,  and the  yarn   lensth counter whi 

.ater  undai    fabric   teatine.       There are   two 

.ter which  deter*"nes   thi   rate  at  which 

i ich   finds   the  total 
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length of yarn  fed  in  from the moment the  instrument  is activated 

until the  feed is  stopped.       The yarn speed meter  is  suitable  for 

circular machines  with  stationary  can boxes.       The  yarn  leneth 

counter can  be  used on   rotatine cam box  machines   by  clampii..'   the 

instrument   to  the  rotatatele   íeed mechanism  and   then  notinp   ttie 

chanpe   in  reading  after  the  machine  has  made a   known number of 

revolutions.       It  can  alno be  used on  a   flat  bed  machine by 

finding   the  yarn   lenntii   fed  in   for one nar.sape   of  the  knitting 

cam or siurcocK  across   the  knitting  bed.       To convert   this  readinp 

to stitch  lenrth   it   is  necessary  to Know  how many needles  are 

actually knittinp duriti?  tiie  test. 

A  fair number ot   industrial  instruments  ai«  available 

for yam  tension  measurement?.,   from small   hand  operated mechanical 

instruments  to complex  electronic   instruments. onr»  ut  these  ar« 

very  effective  foi   determiniti?  tr.«  absolute  va. .       !   the  v-nrn 

tension but all  pive reason ii 

for quality  control  purr-"?e; 

the  same  type  oí   instrument 

yarn   tension,  as  different   ' 

absolute  readinrs. 

.rod comparative  val íes suit »ble 

.;   is,  however,   des i rati'     . ;at 

uiu  alwavs  be  used  for checking 

• ". of   ;¡  .'•'       its   pive different 

The  yarn  tension  and stit-t,  lenptii  •••¡ouid be  checked 

frequently.       The   frequency  détends  on  the  number of  product   and 

raw material  changes but   it  ••nould also be based on  the experience 

gained  from previous determii.-it ions of yam  stitch  length "i   t. 

likely rate of drift  in  such measurements.       As  a guide,  however, 

such  checks  should be  made  at   least   once  a  day.       burine-  such  a 

determination a routine   visual  inspection  oí  the  desini,   if   any, 

should be made  on  the  material  cominp  off   the  machine  to check 

the working  of  the  pattern  selector. 

Where  the  direct  measurement  of   the  stitch   lenpth   is 

not  practical,   the measurement  of  the  fully stretched   length  of 

a known number of   courses  or wales  «jan  be  substituted  tor such  a 

direct measurement, Kut   the  time honoured  practice of  the measure- 

ment  of the courses per  inch as knitted on  the machine   is both 

unreliable and often misleading.      Thii  common  practice results 



-   15 - 

in m*ny difficultly  in m*nv «xlttinn quality cotitrcl SCNMM» 

in the knittiiif  industry. 

Ct /itt.'-'urh there  are dcul ts whether «iv of  tí,»»  «»tandard 

tebf.   '«•[   strani or.  *nd  ;- i 1 1 i f¡ r  resiManc«'  -«w   verv < lose In- 

corre lated  with  w*"»i    'ridi? ,   thru-  UM-   . n   t ht-   '•iiMHiihu-   <-.f 

quali tv  con» m.   M^.I.H;'    í.-IS  t eet,   '-ust i ! i»-.'  :'••• fxr«-riet,<-« . 

The  diiwnsior.rt]   --. t <i : . i 11 - •     -î    Uitir-,   i-.   *u.iuv   •'etf-rrr, i.*-..:   i-v 

measuring   the  st.ni;> w    •«•*    r   ••••   '-.Mn,-  t:.«'   •>a'*; l*,   >.   :r¡.-   ••« 

specified   procedure,   i'--   *     * M  .•*•••,    • <•<**  »«i .. >   -•*- UïUV .     ' ^r 

wan -kn i t ted   !4»ru':    <>n»-      t • •¡.-'«t--.  -r     •• ••¡r**   '.s 

shrin^aft   alter  iitmerslon   IT-   ï>    u-,t   -<t»-r   ter 

The  standard  relaxât ion   :--rec»>--:iJT-«-   le*-*.! 

protaMy   iv  "nere suitaile   r-u»   .t   is n«.    ,   A- 

approved  iv  any  tor¡suwr  orrani:^t kwi  m-., 

some  time  .-e tore  thi*>  T<-¡P*    scient i t íC.-Jí íV 

be t. <>«*•;»   ur» i vert»«»   yt <icx ¿* e . 

i" »   n UT
-
*'-   t?¡** 

r jfiutef   < .'•• ) . 

,     üfftií.t «(OUÏ tí 

• .   rt standard 

!     ;  ií   i»    :  < 

r    { , i, r»':•,•**<;* ir* 

' r-,e   al < v*:        •• c» 

not   <•*» i.--   t ;,•     r#»v*»r •    «   .. 

^íS     ',      «nal le   t'¥ 

to  t; e   rr '»ce- « ;n,-   ..>e<- î      t 

variables  «¡'.(.it. wh¡.  , 

As  *n  «Kamt le,   it   ;• 

stentar  stretchiri,   *     »< 

t h*    ' .!.••* .    ft-     •>.*' *    -*t-     -iSe t   , : , 

,-.   , »   cyj .   •. ar.íar '   ""*• '   ' u ..   " ,   i ut 

ittn i    ;»«:  tttii*' i    TO  *t'-vide   «"¿vi    • • 

t he   , .mií -       î    ' * »    : t -•s.rí.B int* 

'  -rv  - M'JM i.t.   •  »;    t ••  rroiiueed« 

,.  .'•   t<-  ii'Ktííí.*   »'•«   i.itut*.   ot   Ih*, 

• rutted   tanric   Mí'   ! r>  su;  -et'i-n 

and  s»t.i*   íro«:ice  a   r«-«:-mai AV   ?. at i¿ t .<**• r\   *-r->du<.t.        *   uuai.:*v 

control   div:'-ion which  ñas   avanal. le   -J*ta  on   th*   »tit«;     ,ent-tn, 

relaxed  state,   «ätre'chtnr   conditions  amd  ti..ai   stabil;'*   '•*   ''»• 

coffpani«ß  product ¡-   ¡ **   n¡       î<.%'t:on  to    rivide   ..'.;.v-     -    *'-T ,"r* 

practice. 

Piñal  inspection  -t   the  fabric  or  ^<ir-«»*>,>   •   r  irr«» »;ar 

stitch#st  dropped «titer--»,   *nd rou^h  i:hec> í.    ^   * he   : i• nsioh?, 

(especially   tor  ^arment»)   -ut   »ouiii»*;   itati.   ^-   i±¡  »•»' ' *• " 

plants,     ""hene checKf»  are   tmj -.rtant   ¡ut   tiw  oi «< » ' "    m   ^*'!"«' 

»ill»  oí   relying sokh   <«»¡   sur h chttcfc*   i   •   tr-.**.i   -(uaiitv     ,.:-ï.T ^   1 

il • r««ult  of  a lac»-   ot   umierittr .iinp ot  tn»- t>«sic ¡f*nmt t-ï CAí 
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properties oí  knitted  fabrics,      Such   rouph dimensional checks 

ffi#y be meaningless   i;   performed on an   unrelaxed   fabric and will 

result   in needless  contusion   it  the   fabric   •>  later returned 

because  of  dimensional   instai i litv.        «hen  final   checking  is, 

however,  comi ined with  a   thorough i rorraranc cl   cuaiity  control 

it   provides essential   information  for   checkinp  riant   operation. 

A  turtner desirable  cher*   is   the  occasional  direct 

determination  of   the   fai rie  stitch  lenpth.      This   is  carried 

out  bv  unrovim- ..  u v.•r.   :iur.itr ,i   Miu..«  from   tue   fabric and 

then  measuring  the   fullv   stretel V.  length of  ttie   unroved yarn 

(at  a   load of   . ..'  r/den.)        ,uch tests   enable the   quality 

control  laboratory  to keer a check on   the orocessinp control 

of  this   important  parameter (2S). 

«*.       HtNLRAL  DIGCULÜION 

As was mentioned nreviously   in   the introduction, such 

a  quality control scheme   cannot be considered purelv on  .ts 

ability  to maintain   a  niph  <-.ualitv rroduct.      The   cost   of the 

scheme  and  its  benefits  must   le  considérée,  tocether.       The 

scheme  outlined at ove   is   more  detailed   than an- existinp quality 

control  scheme  known   f>   the  author.       The  reason   for the 

relatively smaU expenditure  usually  allocated  tc   cualitv lies 

in   the   relatively  low  addeci  value of   many knitted  nroducts and 

the  consequent  necessity   for keeHnp  costs to a bare  minimum. 

Knittinr  mills  rarely  conduct  acceptance   tests  for-  their yams 

because  of economy.        In   many  instances   this ñas  been   iustified 

by  the   fact  that  there   is   an excess of   yarn sninninr  capacity 

so  that   the knitter  can   relv on  the spinner tc keer  his  yarns 

up  to  specification  otherwise  he will   lose   future   orders, 

bven  where such  conditions  operate  it    i'    as well   to  check the 

yam  count because  of   the   larre el feet   deviations   in  the yarn 

count   can  have  on  the   profitability of    the  knittinr   operation. 

A minimal   quali tv control  scheme would  consist  of the 

routine   testinr  of   yarn   count,  procès s in p  controls   as  outlined 

in  section  3b,  and the   fimi  inspection   of the fabric.       In 
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addition,  occasional spot checks on the dimensional stability 

and colour  fastness of the  finished fabric  are also required. 

Between  such  a minimal  scheme  and the  complete  scheme  outlined 

in  section   3  lie  many   intermediate  schemes,   the  choice of  any 

scheme  depending  on   the   type  of   fabric or  parment made,  the 

added  value  of the   product,   and the  state   of  the  industry. 

In  recent  years  two  further acceptance  tests  for 

knittinp yarns have  been  suggested   :   (i)   The   determination   of 

the   dynamic  modulus  and  (ii)   the determination  of   the  "knittability" 

of the  yarn  based  on  the   Lawson tertinp  machine.       The  bawson 

machine  consists  oí   a  single  cylinder knittinp machine  on  which 

the  yarn  can  be  knitted with  or without  a   positive   feed.       The 

yarn   feed  tension   can  also be  controlled  by  means  of  automatically 

controlled  cams.       The   torque  required  to  rotate  the  machine  under 

controlled  conditions   is  then measured.       The  theoretical 

connection  between   the   parameters  measured   in  both  oí   these  test 

methods  and the  yarn  behaviour during knitting   is,  as vet,   only 

partially  understood,   and  the use of  these   instruments depends 

very   largely on empirical  correlations.       both  instruments  have 

thus   far  only been   used  lor development work  on  yarns  for  the 

knittinp  industry  and  certainly at  the present:   time  their  use  for 

routine  acceptability  testinp  of yarns is  not   in  general   justified. 

An  exception  is  the  use  of  the  Lawson  tester   for knittinp  samples 

from new  batches  of  yarn.       As the machine   has  such  a close   control 

of  stitch   length  and yarn  tension,   :he presence  of  streaks   in  the 

sample   is   a  very   pood   indication of excessive  variation  in   the 

yarn bulk   rigidity.       The  bawson tester is   used extensively   for 

this  purpose. 

This very  brief survey of quality  control has specifically 

excluded any topic  of   general  interest to  all  sections  of   the 

textile  industry,   e.g.   the  statistical methods   for setting  quality 

control  specifications,   the  control  of  colour  fastness,  etc.,  since 

the   discussion of  such   topics,   important   as   they are,  would  have 

needlessly  condensed the discussion of topics  of particular interest 

to  the knitting  industry. 
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