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i ntrohCod . _ ~.r . If> .. ,". lin , .. don,Hy . r tho ,,,n " .. d 
I 10 I~o l eap Io .. tn In .HUc ~ .. It.. ",,_ •• 0. u .... ~ ••• d. (0< 
.. p ... ·.ln9 \ , Oh tn ... P.o".co 0 •• 100 .r a .... " .. ,.1 "'}C" ~ .. rho 
onO l~" . c,,\ ~ ,au" .~nr~.j.n. ro .. . .. plo h.~te~ do rl ~ •• 
, n ••• '~o ' u ' .1 ' l9h'~. 'o r •• • •• (SIr) 0. ' 

S If 0 '. "" 
SC Sl 

_ •• ( 1) 

v~ • • • SCSl I. t ~. ot'u<tu •• I-o. ll .tlt Oh 1 .~91~ , K I, th o 
.l,uctuu l - oe ll .tllo~ ,.noit y o"d /I 10 ~". Jor .. Jf .... d.nolt, 
'" tu. 

Wo . . . .. Ih . .. 11ft ... ", derl "lllono for tlV~'"'" d o n.t 
• It .. t n ..... ~ 1 "9 ar fUtin .hu I ~ • .tH~" donol.l , o.no •• nl 
( ~ 1 i . n"".u~ r~r hfr ... nt r. ~flco . In t". ob._ne. n' 0 
.. ~~I . 4.rl"Hlon f 6< II9",""_( 01"c. tho _boo' d.,r 'n itio~. 
" ' v, bun • •• ~ r n , _It~ .. . ·~ .. ctlc' l- er on ".cod".e ,. .. on.), 
• • n.v. w .. ~ U .. " ap" ro, .~L. , ~ , col~ ... tl"" tn. "~"'n~ .. 
' octo, (In ' 0 ' .11 .. . uct ..... I .•. 

" . o/fO< II ..... (l ) 

I n .adll'on l ~ In. I~.ve. oL~or ~. r. _. l.,. ".v_ bo.n ~,. -
ti ~n .d In I~o , ......... o f to ... , ... nd wood , .. .. _ r ... tno 
d.g ... or c •• P .. t . u •• r t h . lutUo ",uel v r •• _ •• h .. ~tc ' Jn~ 

den. H, <o. rrlu.nL (I ). ud .... 0 .. .0. ("I. , ..... p~'.I.oI p ... 
• _t ... ~ ••• 001 bu •• u.(nad In O,hlll .. p •• U lI , r. , ~n"'U 
rob , l ••. In .h. p r .. en t .n .~ \h ... p ..... I . .. h ... bu" .~.PI" 
r o , knH'_d n' •• '.'e ' and • ••• ,o. d r., ,, 1 "b, ".J! ... O'qu 
.nd .,,11 cord i, •• oI . ... t ..... 

!. !p • • Hleot lOn • • f rn .... 
Ihe fOb, I •• ••• d In I.' p •••• n • • or' .r. n'~I , 1.1 rIb • 

• • If .... 190. ,nd full ... dl~.n. oil ~nl tled f fO' 1", Il. 10<n 
lhrlo." "v .... r or enO~ ".to . oed t. oltor th. o"vnt), ... d (.11 
t. nl .. In .Ir 'or II h . ..... hr. ... unq _ ... rod '0 ' loop 
I •• QU, H itCh d. n .. \ , . .... I~ n" or .. 'n ~ ' '' i'_n ..... 

I. '''I C. ~ ... -'f ... V'_ R. I.tlo~.fth 

HM' In _ «\."l ot lon . r po <kjn~ ~.n.lt~ e_ffl .. _~t. '"~ 
hlor;< ftoc4,. ... noco .. IUI .. \h. ~eh'.! .. tlon .r r.HlC IO .. ck. 
n .... ftence H ... nen .... , to d_I.r-If ... u.t .h~ ..... L" ... 
""l ch Iftl. ' .'" ,,,ould b. ' . .. vr_d . 10 r ind to b h. Ih~ n 
f.b,le or \"_ ~,uonl . e ,k. U1.'n ~ .. " .. .... " .. d ot pr~"" f ' 
"n9'_ b.l •• ,. D. lO 1.4 '00 .1 ,Ic.-. A f. latlo .. . nLp In the 
for. or; 
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t . II+D/ p .C . .... (} I 

•• ~ rou~d ~ u i t 8b la' to re la t a tne tnlckne" (t ) to2 t no pre"ure 
.p • .. h·er a II la t h e lh l el',non w .... s u rod a t 104. 2Q/c a , " e" Ie II 
c orre ction (o r l ne p reaGure , end "b " I , .. con,t. n t. OvOt the 
r enge or prca ~ure ue. ~ b " In II pp r~ .1~at8 1Y conola nl a t prel'urce 
n nQing between 0 . 20 .nd 1.2 g/cn fo r liIaJorlty o r r8bn~s . 
Aho over thu ra" g. the dl f h r enea ( ~ ) ba~ .. ean thlek"en a l 
'''y pral.u r . and l hat "'aa.u r ~d al 0.2 g/cn .,,' " noL ,",ore lI.,n 
~~ . (I,~ . " Ithl n th. p.u l 8 l1b l a upe naen~a l .. n c r ). Hanc a b 
could ba oblal ned di rl ct11 . t P = 0. 6 9 /ea , IlnCe the .ve r age 
b-vlIlu. obtainud I. ver y clollo t 0 2th ' l calc ul.ted at th j , pre.-
.Url. Tho ... h •• o r b . t 0 .6 g/c ... ( 0 .6) " .8 u.ld for J:it!cu-
ht lny pa c. ' ... g d enl1t~ eoarriclcnl HI) . n d Ilardness Oil . Thin 
I . ~o r . logic l i nce the thickna •• uee d In the packing denelty 
cOl f flclent .qultlon _Ilould be le.sured .cluI 1 1~ It Zero pres· 
,ute , but beclluee of t he p ncllea l di ffieulty ur th i ll, the 
c hoiee uf t he prellute 8 t ~hich th1cknese til nl,.or,d, .1' 
arbitr. r ~ , but '5 l ew ~ I posslbl. I nd withi n the 10~'lt pr'.lure 
p rovide d by t ho t h lcknee .... ac t or used . 

iI . R.h tlonlh l p bet~ .. n TIghtne .. f .c tor, Pecking D.n,ity 
Co efr i ci en t lind f ab ri c Hlrdn •• , 

lila p acking dunllit( c o.fricient t a l 11 cll cultoled froa th8 
eQu ~tlon : 

" : H/ ' t • 10- ) .. ... (11) 

Wher e H i , t he rIID •• /un H area ( '1 /"Z) , r 13 flbro, (h!!n9 J ty(g /c.,', 
and t 11 f "b r l c thickn .... ( ... ). Ihe t hl c kne!1 UOB'" i n t hIS 
.quatla n il ~'llIu r ed .t pr cs"ur. = 0.60 q/ea , 

fabric hu rdn.,. (H ) i, c .lcul,led rroa tllc equa t ion: 

2 it ; Pz - P1/ t, - 1Z gft" la,. . .... (~: 
2 2 

Whue ' 1 • 0.6 9/e .. , 1 M ' 1 = 10:' . 2 g/c .. (th" ",UiIIou"'Zprauure 
0.,,1111> e In t h. t h !ckne l.- .. ,ter ullng • foot gf 50 CI ) , Ind 
'1 .nd l Z Ir . t he thlcknese m ••• uted At th'l. pres.u r • • rqlf~'C_ 
t .... Ir . Ih" def i nItion o f h. r onel. I n<l t/'! IIbo ... e herdn ••• ,.qu.· 
tlon Il.a baen o r jglna l l y p r opo~ed b y Plerc. for we ... n f.b r lc , 

P lo t l ed In f Igs. 1 and 2 t he ~ a J u.' of picking dan'lly co­
.fflelen t (II) Ind hil r dnes, ( H) ve n us tlvhtne .. faclor (Ir) 
r uplctlvely (or h1 t lb . h.l f eerdiQun ana ( ull c .. dlgan. It 
1. & ~Ioent fron the plD~1 that bot h ~ .nd H l .nd to Incrt.se 
"Ith l i ghtnel" helor. Ind th,t 1~ 1 rll> .howe til" hll}hest plOd ; 'l 
d""51Ly coeffici. n t Ind hardne'" c onp.red with thlt o( ",.If <lnd 
fuji clrd lgen ,t r uc lu re l . Ihe •• r elult •• no .. th,t thl l n t r uduc ­
tin ro " f t uck looplI In the kn H-c~11 t ellu c~o t l'>e pIck ing of . t l tche ll 
" H il i" the "t'lt -cell, .nd h ' ntl l eads to e rcduc ti on ~ n hsrd,,~ u .. 
Ona hl l t o r •• e~b.r tlll t bath ~. I f e nd fu ll csrdiglln ,tructu rel 
In ori ginallY b~ 'ed on h I r Ab II t ruc ture . 
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T. 6~ 

tl," " I" ,, ~!~ I t n" ,.og. Of l i9M" ... r'~ l u' I Tr), 
p~< ' Jng "c".!ly co~".d.nt ( PI .n" ~I'dt<o ... ( H) f ••• 00 H'uI 
str"~ l u .u . 

1 .ble 1 , h~Q' 9' Jr, ~ . n d W V.J un f., 1.1 Ri b, ~ . I ( 

t"""." 4"" fu l l C" "' g'''. 

St'""l"" 

1.1 Rib 
~ . If Cltd lq." 
',,/1 ClTdl;, ,, 

hog. o( 

" , -, 
I I .. ·. o ~ ) 

8.11_1J. ' 1 
lI.aC· l~ .l~ 

9.2}_".~O 

h"ge o f 

• , IC ' 

1<:11"0,. .1 0,,1 ••• ) 

)2.d - H1.1 
".)_101.1 
H.I - U . 9 

AI",. of 

" ( 9/0.1/ _ 1 

l2.~-1 1.9 
H . I-H.O 
10.'- H . 9 

'" l~udtlClI Mllo t lon./llo .. t .... " '"c kl"9 DI".i ty Coofflchn l 
( ~) I"d 'jg~l n •• • '"otO' (T') 

Iho o..."tl o" .. r puk ln 9 dUIII ) co. fO tlon!, I .• . 

r . Hlf l , lO·} .• . . U ) 

Co,d<l oo ... ,u" god I n" .. · ., IU.n 1" II ." • • r knitte .. ' • • " 0 
~ ..... lr1. It ... peUIOI. to p.o.c \~Ol fo. "', . on " nltt." 
. t. "ctn, I" . ..... ' ''n't It .. ( H) CO"'''.I ."lIo" "" . , .• •. . (11 

W~ . .. I II l ~ . loop Ion9' ~, ... L. (I,. L,n" , d.~ .. tr or lh 
tirn. on" I( •• thl . t ltch ~o "Sl tr co... . .... !" t~ . presul 
~ o • • tho ,, ' .0 of ( ~ .. o~h,n4 f . o. ( i " d' ''9 ,no uhH ... ~~ ' 1> 
~.· t ...... t~ 1 ItI.c~ a." •.• , IS ) .... lUp L'~9th tl), ,.0 . 
Ll. ' S.l ). 

ou •• ' nu .no .. _qu. 8 

--',,!-;. 'c"-'­.. -
' 0 r I • 

I r • if« / L 

..... (' , 



1.70 EI -CaiiY", M, N. and Shilhin, A. 

Ihis equation 9how~ th nt • will be a ru ncti on of t he li gh ­
t nc .U helor ( Tn, i r the pa r",eter .,tf'iX / t .is cons tant rOt any 
porticular weft knit ted struct ure, s i nce K and I .r •• I~o co n­
Gta nt . f ot any str ucture knittod ft on 8 pa'tlCuJ a r t yp e of yarn . 
To prov e this point the vs l ues or ~/ t wer e pl o t t~d vorav a t igh­
t ne3. factor (r iq . J) , ~ n d wqs in t ere ~ tin9 to f ind that the 
tslut \onship i o li ne ar and pasSlng t h roug h th~ orlg in , hence ~e 
co n wrH o eQu. 989:-

• • , •• ( 10 ) 
' 0 r 

W1le r e I(' is tho olope o( the lIn e for e ach stru ct ur e. The n f rom 
the knowle dge or \( , k' ' and I' , th e e quoti on cf ptu:k lng dens ity 
coeffic ient Qn d ti S lltnes~ lac tor for ecry l lc knit t ed otru t vre~ 
in the dry s tilte coul d be w ritt ~n 3S : -

'.' 1<' Ibb ; I ~ 0.159 (Tr)2. ..... (11) 

' . r Half Cordlga n;\3 , a. 520 (l F') Z ..... ( 12) 

'.r full Card i ga n: 9 , 0.465 ( T r ) 2 .. .. . (13) 

rro. t nes . equatIons i t i . e v ident that the relati ve pick ing 
dens ity coefficient (or ti ght nes s) at e quol ti ghtnen f actor. 
will b~ 1:0 . 68 ) :0,612 for lMl rib , holf clrdlQan end ful l c or ­
digan structv reo fe3pe cl lvely. 

Plott ed in ' fig. 1:1 tne valu e !!! of " 08 obto.inoQ f rolA eQUs . 6 
end 10 r es pe ct i~ e l y. 1he c~rr.Jeti on coef f icient t • 0 . 988 end 
highly ci9ni fice nt at tne )~ jevel . 

6 . .R elat ion!!!hlp bet'ofoen the. Compre a sion Pa r"lIIote r "b", Ti~htr1tUI 
r.ctor (If) Ino Hardness (H) 

Plo tted in r i 9- ~ tho values of b versus t ight.,e;, foctor 
fo r 1. 1 rib, hal f cord19an and full car d igan . It is e Vi dent 
from lilt: ptot that b tllnd.l:l t o dlec r ease wt,th the increo.i:le of 
tlghtne •• (acL o r . 1his re lat i onshi p i3 the reverse of that 
found between hardne98 an d ti ghtness factor for the .o~c 
structureo. Acco r ~lrl g to the defi n it ion of b, it represents 
the IIIII:r9 Y absorbed i n compross ion, hence one would expect 
thiS val ua to be l ow for hard to p res; clructurlls an d vi ce­
versa . ThiS i~ ~ore clea r fro~ f i g. 6 1n which the val uoD of 
b ar e pl otted ver sus ha rdnes s fo r all structures . Also it is 
int efc8tlnQ to find that tno prod uc t o f hardness ( H) an d com­
pres sion energ y parane t er b is a lvays conotont irrc3pect i ve or 
t he st ru c t ur e , i .e . Hb .., 4H . ThiS resu l t cou l d be pro ve d from 
the or lgi ne l de fin it10ns Of H and b lUI f o llow s: 

P'04 . 2 - PO . 6 2 
Since H ;:: gl crt I INtI •• .• • ( 111 ) 

to .6 - i lOa . 2 
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