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A STUDY OF DIMENSIONAL PROPERTIES OF
SONE WEFT ENITTED STRUCTURES

BY

Pr. Mostafa El=Gaiar®

1= INTRODUCTION.

The literature of dimensional properties of weft knitted
structures shows that complex structures such as rib/plain,
unbalanced ribs, and cardigans have not reclieved snough atten-
tion from the investigators of the field of dimensional proper=-
ties of weft knitted structures. Also there 13 a lack of infore
mations about tabric mechanical properties and knitting loop
variables. Some work has been carried out by Smirfitte, and by
Nuttingl in this direction for 1 x 1 rib, and plain structures
respectively.

In the present inveetigation & wide 100k on the dimensional
properties of some wett knitted fabrice hae been glven, and the
results are reported. The investigation took into consideration
the etudy of dimeneional properties of plain and 1x1 rib struce
tures, in addition to the basic study of complex structures, 1.0.
2xl rib, 2x2 rib, half cardigan, and rib/plain., Aleo the invest-
igation covered the study of the relationehip between cover factor
and bending stiffness of fabric. This wae for three structures,
namely 1x1 rib, half cardigaa, ana full cardigan.
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3= MACHINE USED.

The structures under invastigation were produced on coarse
gauge (gauge = 4) flat V-bed michines., In one of these machines
the fabric take-down tension is applied by strippers fixed to
the cam box, instead of the dead weight that normally used in
md jority of flat-bed machines. The strippers system mentioned
has an advantage over thedead wolght system. In the latter 1f
the load is not distributed uniformly along the width of the
fabric, many loops will drop. This in turn will cause many def-
ects and irregularities in the produced fabric, The amount of

take~dowvn tension depends on the tighness of the structure, and
the type of stitch under preduction.

Figs. 1,2,3,4,5,6 and 7 show & simple illustration of the
repeating courses for plain, 1x1 rib, 2x2 rib, 2x1 rib, 1x1 rib/
Plain, balf cardigan and full cardigan respectively:=-
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To produce the 1x1, 2x 2, and 2x1 rib fabrics, the nendles
in the two knitting beds were arranged as shown in Pigs., 2,3 and
4. Tor rib/plain which is composed of two repeating courses,
namely 1x] rib, and a plain course, tbhe needles were arranged to
produce 1x} rib, and the cam boxes were adjusted so that the cams
will act only on half the number of nsedies, i.s. that of the

front or back bed, in the Becond course, and miss the otbers
existing in the other bed.

Vith-respect to the production of cardigan fabrios, i.e.
half and full, which ars structurally based on 1x1 rib, the cams
wore adjusted to make tucking over the needles of one of the
knitting~-bed, whilo the others knit normally. This process is
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accoapanied in the second course by normall kfitting over the
needle ueed in the two beds, In this manner half cardigan stru=-
cture is produced, For full cardigan structure tucking occurs
alternatively (Fig. 7) over ths needles in each bed each course.

Accordingly for half and full cardigan the loops are cleared from
the hook of the needle sach two rows.

5= Obsarvations on Fabrics Produced-

The fabrics produced showed the following:~-

1) almost for all structures produced, fabric appearance deterio-
rates as the cover factor ( (Tex/L) decreased. Irregular sur-

face and many dropped loops can be easily observed, also fabric
roughness increkses.

2) for plain fabrics, irrespective of yarn count, yarn type, and

. machine type, fabrics curls. This curling starts from the
face loop to the hack loop, &nd very severe for 100% wool pla=-
in fabrics. PFor balanced ribs, i.e, 1x1 and 2x 2 ribs, the
fabric at any cover factor is flat and no curling took place,
as that founded with plain fabrics. But for unhalanced ribs
f.e. 2x 1, there was severe curling at all cover factor, and
starts from the face loop to the back loop. VWith =respect to
the three other structures, ie.e. 1xl ridb/plain, half cardigan,

and full cardigan, no curling. was observed and the fabrics at
all used cover factors werd flat and stahle.

3) fabric thickness increases as one shifts from simpls plain to
rib structures, and finally to cardigans. Ths increase in
fabric thickness may he tbe reason of non-curling of complsx

structures especially the balanced onss, i-e. 1x1, and 2x 2
ribs.

6= Ro1axation Treatnent.

The fahrics after being removed from ths machins were left

to relax in air for 24 hr.. aftsr which dimensions of the fabrio
have been measured.

7= Loop Lengih Measurment.

In ths cese of simpls structures such as plain, 1x1 rib,
2x 2 rib, and 2x] rib, the loop length wvas determinsd by un rave-
elling one course and mesasuring lte length under the sultable
tension. Thie length was divided by the number of needles used,
For fabrics that composes of two repeating courses ths total

length of courses was mseasursed and divided by the numbsr of need-
las used in ths repsat.
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B~ Reeults and Discusslon of Results.

8.1. Plalin FPabrics

The valuee of couresee/cm, wales/cm, and stitch density for
100% wool, and polyamide-fibro yars plaia fabrics are plotted
against 1/L and 1/12 reepectively in Figs. (8) and (9) in the dry
state. Statietica)l analysis hae shown that the correlation coef-
ficlent ie very high and ranging between 0.98 and 0.995 and highly
eignificant at the 5% level. The best fit lines for c/cm, ¥W/cm,

and S againet 1/L and 1/if respectively for yarns used are given
in Table (1).

Table(l)
100 & ¥Wool fabrics Poly-amide~Fibre Fabrics
C/cm = -%—'+ 0.90 C/cm = —1§31- ¢ 1.57
W/ca = J;fl + 0.90 W/cm = =2l . .09
s =2k o) | 8 =428, 5,95
L 2

From Table (1), one may observe the interceptions in the courses,
vales, and atitch density equatione. The interceptions in gene-
ra)l are high and reaches to about 50% of the maximum value, eepe~
clally for the walee., Theee interceptione can not be Jeft out

to give simple linear relationships passing through the origin.
According to the previously proposed theories“:»8 concerning these
interceptions the dry relaxation treatment ueed in the present
vork for relaxing the wool, and polyamide-fibro fabrics, is not
sufficient to bring the fabrics to a atate of minimum energy.

At this state the configuration ef the plain etitch is of predic-
table dimensiones and the loop dimensions are constant irrespective
of yarn, machine, and processing variables.

¥With reepect to the conetanta of the loop, l.e. courses cona-
tant (K.), wales constant (K,), and stitch density constant (Kg),
the valuas are given in Tablés (2). and (3).

Table (2) K-Valuee for plain Wool fabrics

Loop length
fcn) I‘c K' K. Kc/xw
1.17 5.67 3.51 20.0] 1.61 .
1.36 5.05 3.67 18.54% 157
1445 6.10 371 22 .50 1 64
1.49 4,82 3.73 18.00 1.29
Average 5eitl 3.66 19.78 1.48
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From Tables (2), and (3) one can observe that the K-values aro
not constant at any loop length, and that the average K

Kgy and Kc/Ky values for 100% weo]l fabrics are quite diff.r!nt
from that of polyamide-fibre fabrics, knittod ever the same range
of cover factors.

Table(3): K-values for plain pelyemide=fibro fabrice.

Loop Length
(em) Kc K' K' Kc/K.
1.15 5.63 3.48 19.53 1.61
1.19 572 3440 19.38 1.68
134 6.34 3.56 22 .69 1.?8
1.51 7.10 3.78 26.65 1.87
1.67 5.63 3.70 20.83 1.52

Average 6.08 3.58 2).82 1.69

In fact the K-values obtained in the present work for dry
relaxed plain fabrics are different from tbat obtained by other
investigators for the same structure, Table (4) show the results
obtained by other workers for the stitch X-constants.

Table (4): K-values of plain fabrice. Knitted from
different yarns, (Dry state).

Author Kc K' K' Kc/I' Yarn
Sairfitt 4,53 3 ¢34 15.10 1.36 100% wool
Munden " " 19.040.3 " ¥Wool
n n " 19.040.8 " Cotton
" " n 18.511.0 " Regular
orlon
" " " 18.5¢1.0 " Staple
Nylon

The differences in the K-values obtained in the present
work and in other works indicates that these fabrics have taken
up a loop configuration different from that of the other yarans.

8.2. Rib Fabrics.

8.2.1. 1xl Rib labrics.

Rib fabrics are fabrics that characterized by high
stretchabilityin the courses directions. This makes it sultable




M. Bl-Galar 51

for places in the garment in which high stretchability is requi-
red to fit the body. Ribs m&y be balanced, as 1x 2, 2x 2, 3x 3,
wsess8tCe, Or unbalanced as 2x 1, 3x 1, 3x2, 6x 10 .....0tc.

To study the dismensional properties of rib fabrics (balanced and
unbalanced, & series of fahrics Knitted from_ 100% wool, wool/acr-
ylic, polyamide-fibro, and 100% nylon yarns were produced at cover
factor ranging between 12.6 and 7.21. The average K~values of the
fabric were calculated at each lo0p length and given in Tables (5)
to (8).

Table (5)t K-values of 1xl rib wool fabric.

Loozci;ngth K, K. L Kc/xr W
1.23 S.Th 3.58 20.45 1.60
1-2? 5.70 3.4? 18.22 ' 1.55
1l.43 5.45 340 18.63 _ 1.60
1.65 5 .42 3.50 19.02 1.54
1.85 5 A4 3 .64 19.96 1.49
2 .01 5.26 3456 18,76 1.48
Average 5.50 }.53 19.26 1.5%

Table (6): K-Values of 1x] rib=wool/acrylic fabrics

Lo%glgongth K. Ir K. Ic/Ir
1.19 5.08 3.50 17.67 1.45
1.27 4,92 3.56 17.66 1.38
1.37 4,83 3.63 17 .64 133

Average 4, 9 3.56 17.66 1.39

Table (7)1 K-Valuwes for 1xl rib po1yanide-t1bru'rabr1cn-

Loogc:;ngth Kc Kr K. Icllr
1.17 5496 3.30 19.79 1.81
1'}1 5-48 3'1? 1?-41 1'?2
1445 5.85 3217 18.43 1.85
1.61 6.29 2 .45 15.60 2.50

Average 5.89 3.02 17.80 1.96
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Table (B8): K-Values for 1x1 rib nylon fabrice.

Loop length L Ir' L Ic/Ir
(cm)
1.18 5.82 3.30 19.38 1.76
1.13 5.35 3.32 17.88 1.61
1.47 6429 397 25.13 1.58
1.60 5.87 4 .Oh 23.60 1 bk
1.80 6.21 4,21 . 26.48 147
Average 5.91 3.77 22 49 1.57
Table (9): Best fit lines for 1x1 rib fabdbrics (dryrelaxed).
100% Vool Woo)l/acrylic
C/cm = '6—;'5' + 0,69 C/cm = -:l;— + 5
r/em = —3:22 + 0.02 r/ca = - + 3
L L
8 o«—42:2, 0,15 8 = 4ds2 _ g
12 12
Polyamide-fibdbre 100% nylen
C/cm = -5—-%1 + 0.64 ¢/ca = + 0,09
r/ca = ae_l:“_ - 18.5 r/ca 'Igl':& + 2.12
8 = b _ 4, 8 =422l 4,93
12 1
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The best fit lines for 1x] rib fabrice knitted freoea the
four types of yarns used, and relaxed in alr (dry) show that in
genera)l there is a eignificant interception with the courses,
ribve and setitch density axes+ The correlation coefficient bet=-
veen Cfcm, r/cm, and 8 and 1/L and 1/L2 respectivsely are high
(ranging between 0,96 and 0.98) and highly significant at the
5% level.

The interceptione are high for all fabrics other than the
100% woo)l fabrics,vhich showed lines passing near the origin
with neglicible intercepts. This may be due to the high reco=-
very of wool, which enables to get red of the strains imposed
on the yarn during knitting. But inspite of this one can not say
that the fabric is in a fully relaxed stats, because the K-cons=-
tants of ths loop are stil]l different from that obtained hy other
investigators for wet, and fully relaxed 1x]l rib wool fabricse

The various equatione obtaipned for courses, ribs, and sti-
tch density and 1/L and 1/L2 respectively are quite different froa
each other and from that obtained by Knapton and semirfitt for .
1xl rib wool fabrics, Given in Table (10) the hest fit lines
obtained by Knapton in the dry and fully relaxed states.

Table (10): Best fit lines for 1x] rid woo]l fabrics.

Best fit line " State
C/em = -lgiil - 1476 Dry relaxed
r/cm = —if2l- + 2.13 Dry relaxed
c/ca = ~40:30 + 2.13 Fully relaxed

L
r/ca = £.16 Fully relaxed
L

From these regresseion lines it is evident that although the
intercepts are clsearly visibls in ths dry setate, they are of
opposite sign to those found in smirfitt'sl equations. These
interceptes were attridbuted to the change in processing variahles
during knitting and not to the effect of yarn diameter. 3imijar
observation were noted for the plain-kpitted structurs. Also
from Table (10) it is clear that the fully rejaxation technique
proposed by knapton, and which is simply illustrated in wetting
the fabrics under controlled temperature, then hydro-extracted
and tumbled for 1 hr at 70°C, was capable of relaxing ths fabri-
cs more by making the intercepts of insignificant value, and in
fact reduced it to zero, This is contrary to smirfitt whe
found that &8 relaxation progresses the intercepts become more
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significant. This disagress with Hunden'aa plain knitted loop
theorys. With respect to the K-values of the structure (Tables

5 to 8), one may observe from the tables that K , K _, K and
Kc/Ky, varies with the loop length. Alec that tfe a‘oraﬁo values
are quite different from each other and froam that obtained by
other investigators in the dry, wet, and fully relaxed states.

Given in Table (11) the average KE-values obtained in the present
work and in other works.

Table (11)
Author K, K. !' Kc/!r State
Sairfitt 4.53 334 15.13 1.36 dry

" 5.00 3.19 15.95 1.58 vet

Knapton 5.30 3.00 15.90 L.77 tusbled
Smirfitt 5.28 Jol4 16.50 1.68 tumbled
Present:~
100% wool 5.50 3.53 19.26 1.54 dry
Wool/acrylic | 4#.94 3453 17.66 1.39 "
Polyamide - 5.89 3.02 + 17.80 1.96 "
fibro
100% nylon 5.91 3.77 22 49 157 "

Be242. 2x 2 and 2x 1 rib fabrics.

The method by which 2x 2, and 2x 1 rib fabrics were produ=
cod is described is section 4, 1In the case of the balanced rib,
1.,0. 2x2, the face and the back of the fabric are identical, but
this is pnot the case of the unbalanced rib, i.e. 2x 1.

Rib fabrics in general, vhen knitted from the same yarn, and
at the same loop length, and over the same number of needle and
fixed pumber of courses, have longer length than width, and also
have longer length and lesser width than that of plain fabrics
knitted at ths same conditions and from the same yarn.

2x 2, and 2x 1 rib fabrics are not widely used in making
outer wear, and this is due to their high contraction properties
which rssult in large differsntial fabric distortion in ths
width-wise direction, it is unsuitable as an overall body covere
ing material. Its general use is for cuffs and sweater waists
whsre its contraction properties are used (or utilized) to ens-
ure a snug flt. PFor this reason & quick and undetailed study
was giveu to these siructures.
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Given in Table (12) the best fit lines for 2z 2, and 2x 1
rib woo]l fabrics in the dry relaxed state.

Table (12)
2x 2 rib fabrics 2x ] rib fabrics
C/cm = —-iii— - 0.46 C/cm = —éi%z—- - 1l.16
r/cm = _24%1_ + 0.0) r/ca = *—1%41— - 17.8
L L

Plotted in Figs. (10) and (11) values of c¢/cm, r/cm, and §

against 1/L, and 1/12 for 100% wool fabrics respectively in the
dry state. Statistical analysis showed that the correlation
coefficients are very high and highly significant at the 5% level.

The equations obtained for 2x 2 rib fabrics are different
from that obtdned by knapton for 2x 2 rib fabrics knitted from
1/26, and 2/20 yarns in the dry state. In the case of knapton
the interceptions found in the courses, ribe, and stitch density
equations vanished after relaxation by the method proposed ip his
worke 1t is simply lllustrated in wetting the fabrics at 40°C,
then bhydro-extracted and finally tumble dried at 70°C for ] hr.
This led to simple equations in the form ofg= .

K
C/cm = —_—

e

———L—— ‘.l..ll..“'(z)

.l.......o..(l)

r/cn =

Where L 1s the loop length, and K., and K. are the courses and
ribs conpstants.

Given in Tables (13) and (I4%) the K-values of 2x 2, and 2x]
rib wool fabrics respectively in the dry state.

From the tables on may observe that the K-values, lse. K., X
K,y &nd K./X, are not constant, but loop length dependent.
And in genera]l, the Kc/K ratio which represent the length to
width ratio shrinkage teﬁds to decre&se with thoe decrease of the

tightness of the structure.

re
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When one compares the K-values obtained for 1x 1, 2Xx 2,
and 2x 1 rib fabrics, one would find that they are different
although the basic loop formation had net changed, but it
secemns that in the dry stete the loop takes a different confi-
guration in each case. This again points to an importast poi=-
nt, and that is, more relaxation is stil]l needed, and that the
dry relaxed state is not a state of minimum energy.

Table (13)
Loop length
(cm) xc xr l. lc/‘r

1.09 5.15 | 3.799 19446 1.36

1.22 .15 3.86 20.01 133

1.38 4.83 3.98 18.59 l1.21

1.57 4.70 3.90 18.36 1.20

1.71 4,60 3.75 17.11 1.22

1.86 535 4 .05 21.82 1.32
‘-'.r‘g. 4.96 ) 089 + 19023 1l .2?

Table (14)
Loop length
(cm) Kc ‘r : ‘l xo/xr

1.04 5.48 2.92 16.00 1.88

1.17 5.16 | 3.04 15.69 1.70

1.4 S.14 3422 16.55 1.60

1.54 4 .96 3.28 16.27 1.51

1.71 3.72 335 12 46 1.11

1.88 5.03 3.30 16.60 1.52
Average 4.92 319 15.60 1455 AJ

8.3+ 1x 1 Rib/plain fabdbrics

This type of weft knitted fabrics is a combination of
1x 1 rib and & plain fabric. The repeat is composed of two
repeating courses, which are produced simaltancusly. The
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fabrics were produced from repeating courses of equal cam set-
ting. The introduction of a plain course produces fabrics that
differs completely from the 1x 1 rib and the plain fabric.
While 1x 1 rib structure prouides high stretobability in the
cross-vise direction, the rib/plain fabric has lees stretchabi-
lity in the widthwise direction. This is due to the insertion
of long loop=-1link in the plain course. The fabric exihibts
leBser width than plain fabric knitted from the same yarn and
at the same number of rows, and loop length.

Given in Table (15), the K-values obtaimed for the fabric
in the dry stats,

Table (15)
Loop length
(cm) xc Ir Il : Ic/xr
1.28 8,00 3.46 27.70 2.31
1.30 6 Ji+4s 3.82 24.60 1.69
1.3% 6.57 4,01 26,40 1 .64
1.38 6.28 3.95 24,81 1.59
1 .46 6.35 3.90 24.77 1.63
Average 6.73 3.83 25.78 1.76

From the table one may observe that the Kk-values &re not con-

stant, but loop length dependent. Generally as the loop len=-
gth increases the K-value decreoases., '

8.4, Cardigan Fabrics

Half and fu))l cardigan fabrics are fahrics based struct-
urally on 1x 1 rib. VWhen these fabrics are produced from the
same yarn, and at the same l00p length, number of needles, and
number of rows, they are thickner, shorter, and wider, than
plain, and rib fabrics knitted from the same yara and at the
same processing conditions. These types of fabrics are widely
used in outer wear garasnts; because of their high bulkiness
and accepted appearance., The fabric is composed of two repea-
ting courses, i.e. 1x 1 rib, and tuck-knit course., In deters-
ining the loop lengih the Trepeating courses werse unravs)led
and measured., The length measured was divided by twice the
number of needles used, to give the average length in the re~

eat,
%1th respect to the fabric K-values, it was calculated from
the simple linear relationships proposed for the plain woft
knitted structure,
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Given in Table (16) the average K-values obtained for the
series of fabrics produced, The original K-values (not givon)lo
showed that the K-value is not constant in the dry state, bdut
loop length (or cover fsctor) depsndent.

Table (16)
Structure K, Kr [. ‘xc/xr
Half cardigan 9.08 3.92 35.60 232
Full cardigan 10.10 3.54 35.80 2491

¥hen these values (for vool/acrylic fabrics) are compared with
that obtained for wool, and acrylic cardigan fabrics(Tablss 17,
18) that have been relaxed by different methods, one would obse-
rve that the K-values obtained in the dry state are quite diff-
erent from that obtained when ths fabrics are well relaxed.

Table (17): K-values of full cardigan fabrics.

Yern . Io Kr I' Kc/Kr
2 ends of 55/2 tex,
and 42/2 tex=woole 9.63 3.63 35.04 2.65
3 ends of 63/4 tex-woo] 10.21 4,16 42 ,50 2.39
2 ends 0f 74/8 tex=wool 10.45 4 .06 42 .50 2.57
one end of 98/2 tex-acrylic B.14 3.73 341k 2 &5
2 ends of 4#9/2 tex-acrylic 8.99 3455 31.90 2455
one end of 59/2 tex-acrylic 8,.85 3,56 31.60 249
2 ende of 29,5/2 tex=acrylic 8.7% 3.39 29.60 2.58

Tabls (18): K-values of bha)lf cardigan fabrics

Yarn Ic Kr E. Kc/Kr
2 ends of 55/2 tex=vwool 8.75 3.90 34,20 2 45
3 ends of 42/2 tex-wosl 8493 4 .07 36,30 2.19
3 ends of 6344 tex-wool 9e12 b.26 38,90 21k
one end of 98/2 tex-acrylio 8.45 3.85 32 .50 2.20
2 ends of 49/2 tex-acrylie 8.30 3.75 30,00 2.15
3 ends of 29.5/2tex~acrylic | B8.65 4,13 35.60 2.10

These fabrics were relaxed by immersion in water (vater
temperaturs was coantrolled for 6 hrs at 40%C, and vithout con-
tro] for 18 brs), then left and hydro-extractsd, &nd finpally
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tumble dried at 72¢C for 1 hr. for acrylic fabrics relaxation
was carried out by tumbling the fabric (after being removed
from the knitting machine) for 1 br at 72 *C,

From the table 1t is evident that the dry relaxation tre-
atment used for wool/acrylic fabrics (of the present work) was
not efficient in bringing the fabrics to a state of winimua
energy since the K=values are generally higher than that obta-
ined for wool and acrylic fabrics. The obeerved differences

between the K-values of &)) used fabrics may be due to yaram,
and machine variables.

8.5. Bending Stiffness of 1x )| rib, and Cardigan Fabrice

In the previous esections, the diloniional properties of
some wveft knitted fabrics has been examined. In the present
section the bending properties of three of them, namely 1x 1

rib, half cardigan, and ful)l cardigan, vare examined and repo-
rt.d.

The bending properties of textile fabric in general (woven,
or knitted) play an important role in governing fabric etiff-
nees, drape, and handie. The jiterature of weft knitted fabrics
eshows that bending properties of weft kuitted fabrice, sepec-
iajly thoee with not more tban two repeating couress, i.e. hajlf
cardigan, full cardigan,......etc. Thie ie partly due to the
complex nature of the estructure of knitted fabric and also teo
lack of commercial concern for bending beshaviour especialiy for
outervear fabric in which the present structures are norsally
uead.

Hovever fabric bending propertiee etudies can provide many inf-

orméations concerning the rejationship between fabric etructure,
and performance.

In the present experimenta) analyeie the eimple rectangujar
cantilever bending methodll wae adopted, and ueed to cajculate
the flexular rigidity of ths fabric. The flexular rigidity (G)
is a measure of general stiffpness of the fabric and ie defined

a8 the couple which muet be appiied to bend it to unit curva-
ture.

The hending length (L) of the fabric wvas determined by the
“Shierly Stiffness Teeter®, using strips of fabrics of 15 cam long

and 2.5 cm width, The flexular rigidity wvas cajlculated using
the formuiaei=-

G e W I Lj b 4 103 -s/c. 0-..-..-0.0.--(1)

whers; 2
¥ = fabrio weight in g/a".

L = bending Llength in cm,
For each sample four readinge (face and back) were recor=

ded for the bending length, and averaged to give the bending
length of the fabric.
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The values of the flexular rigidity of 1x 1 rib, half
cardigan, and full cardigan fabrics knitted from wool/acryliec
yarn at cover factors ranging betweern 9 and 16.2 are given in
Table (19). These values are a&lso plotted in Fig. (12).

Table (19): Values of flexular rigidity (G) of rib,
and cardigan fabrics,.

1x 1 Rib Balf cardigan Full cardigan

Cover factor G(Kg/cm) |Cover factor G(Kg/cm) [Cover factor (G)Kg/cwm

14 .0 56 .0 16.2 48.8 14.9 3549
12 o4 31.0 4.1 37.4 13.1 262
10.9 29.9 133 36.5 11.6 10.3
9.9 26.9 11.6 21.9 - -

From Fig. (12), one may observe the following:i-

a) for the three struotures as the cover factor ( ﬂTox/L) incre~
ases ths flexular rigidity increases, and vice-versa.

b) 1x 1 rib fabrics have the highest flexular rigidity, and by
introducing & tuok course, i.e. as in half cardigan, the fle-
xular rigidity drops to a lesser value, VWhen two tucking
courses are used as in the case of full cardigan the flexular
rigidity dropsd to about half the value of that of 1x 1 ribd
knitted at the same coverfactor.

The differences observed in the flexular rigidity of the
three structures {using the same yarn, and all fabrios ars dry
relaxed) may be explained in the light of internal friction at
the cross over points and loop oconfiguration.

For thse three structures the flsxular rigidity (G) increa-
se8 with the increase of cover factor, bescause the tighter the
fabric the greater the number of loops in & unit length of fab-
ric {with a constant width),&kthe greater the bending force requ-
ired to over come the frictional resistance at the cross-over
points in the fabric. However the rate of change of (@) is con-
siderable with the cover factor and the etructure. From the
results obtained for (@) it would seem that internal friction in
1x 1 rib structure at the cross-over points is higher than that
in half and full cardigan structures.

The effect of fabrio thiokness on flexular rigidity is well
known, 1.e. thin fabrics bend easily, and hence one was expect~
ing 1x 1 rib which is the thinnest fabric in the fabrics exami-
ned, to have the least flexular rigldity. But thie was not the
case. The full cardigan which is the thickest showed the least
flexular rigidity, This points to the above discussed polnt,
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i.e. the frictiona)l resietance at the cross=over points, It
seeme that in the case of tuok atructures, the tucking course
gives the yarn more fresdoms to move inside the structure, and
bence less bending force is required.

8.6. Conclusions

1) For plain, rib, and rib/plain fabrics in the dry state
the c/cm, r/cm, and S may be related to 1/L and 1/12 respecti-
vely by straight line relationaships, but in gensra}l do aot pass
through the origin. The slope and tbe interception (value and

. 8ign) are machine, and yaran dependent.

2) In the dry state the K-values are not constany for the
veff knitted structures examined, but machine apnd yarp depen-
dents.

3) The K~values are only constant when the ful] relaxed
state is achieved. For wool, &and acrylic half and fu)l cardi-
gan fabrics this was achieved by wet relaxzation at 40%C, follo=
ved by tubmle drying at 72°C for 1 hr, and by direct tumbling
at 72¢C for 2 hr, for the former and the latter respectively.

4) Por 1x 1 rib, half and full cardigan fabrics, the flexu=-
lar rigidity (G) increases as the cover factor increases.

5) 1x 1 rib structure is stiffer than half and fu]] cardi-
gan structures knitted from the same yarn and at the same cover
factor.
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