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1. Introduction

Research Record No. 129 describes a mathematical analysis of the Project CP78 data which
resulted in a number of equations being obtained which can be used to predict the finished
“fully relaxed” (11C Reference Sate) properties of interlock and rib fabrics knowing yarn
count, knitted stitch length and also finishing route.

Included in the finishing routes was a crosslinking treatment carried out on the Shirley
Institute equipment at a single nominal level of 2% on weight of fabric of a DHDMEU
crosslinking agent. The procedure for the application of the crosslinker is described in
Research Record No. 126 together with a series of bar charts which compare the major fabric
properties both with and without crosslinker. Since then, a further series of samples has been
produced with alower amount of crosslinker, namely 1% on weight of fabric. In addition, a
similar Control set was produced without crosslinking agent but with identical amounts of
softener and stitch lubricants added.

The precise application conditions are as described in Research Record No. 126 with the
exception that the Control set was not re-run down the stenter a second time for curing.

These two sets of treatments have been alocated the following codes for identification during
data storage retrieval and display.

JDX1 Crosslinked 1% level

MJIDX1 Mercerised, crosslinked 1% level
JDS Softened control

MJIDS Mercerised, softened control

A similar mathematical analysis has been carried out on the new data generated from this
further work and this report presents the findings from this analysis together with graphical
illustrations.

2. TheAnalytical Procedure

The fabric properties considered to be of particular interest especialy after applying a
chemical crosslinking treatment are the following.

e length shrinkage, %

e courses/cm

e wales/cm

e weight, gsm

e stitch density, S/cm?

e hbursting strength, kPa

From the previous regression analysis described in Research Record No. 129, the following
mathematical relationships were taken and tested with the new data as well as with some of
the existing data. In each case the equations predict the property in the “fully relaxed” state.



Property Equation Form Eqgn. No.

Courses /cm a+ b/l + c.\avTex 1
Wales /cm a+ b/l + cNavTex 2
Weight, gsm a+ b.Tex/l 3
Stitch Density, cm? a+ b/I?+ c.avTex 4
Burst Strength a+ b/l + cavTex + d.avSES 5
Where | isthe Stitch Length in cm

avTex isthe average yarn Tex
avSESisthe average yarn single-end strength
a, b, ¢, d are constants (regression coefficients)

Since shrinkage is influenced not only by the change in the fully relaxed courses and wales
but also by the dimensions at which the fabric is finished, the actual values of shrinkage have
to be calculated from the unwashed (finished) and the fully relaxed courses and wales.

For each property in turn the regression coefficients and the correlation coefficients were
obtained not only for the 1% crosslinked level and its control but also for the following
processing routes.

JD, MJD, JDH, MJDH, JDX2, MJDX?2
This was done for two reasons.

1. Sincethe origina analysis was carried out, the way in which certain property derivations
are calculated has been dightly altered. This means that the regression coefficients
obtained are very dslightly different from those given in Research Record No. 129.

2. It isof interest to compare the un-crosslinked control fabrics (stenter softened) with the
origina jet dyed and jet dyed, softened and mechanically compacted fabrics (i.e. JD, JDH,
MJD, MJDH).

3. Presentation Of Results

Tables giving the regression coefficients, and graphs showing the actual data points as well as
the regression curves, have been prepared and these are presented in the Appendix as follows.

Property Tables . Figures .
I nterlock Rib I nterlock Rib
Courses/cm 1 1-6 7-12
Wales/cm 3 13-18 19-24
Weight, gsm 5 25-30 31-36
Burst Strength 7 8 37-42 43-48
Stitch Density 9 10 49-54 55-60
Length Shrinkage (measured) ~ ~ 61-66 67-62



4. Discussion Of Results
4.1. Relaxed courses/cm
Interlock (Figures 1-6)

These graphs show very clearly the effect which a crosslinking treatment has on the fully
relaxed course spacings. The 1% crosslinker level (JDX1 & MJDX1) appears to be giving
relaxed courses approximately mid-way between the controls and the 2.5% crosslinker level
(JDX2 & MJIDX2). The open-width finished controls (JDS & MJDS) are surprisingly
dightly different from the tubular finished controls (JD, MJD, JDH, MJDH where shown).
Thisis particularly noticeable with the mercerised fabrics.

1x1 Rib (Figures7-12)
These graphs show a similar effect for the 1x1 rib fabrics except that:
a) therelaxed coursesin the case of the mercerised fabrics are quite close to the controls;

b) the open-width controls are very similar to the tubular finished controls for both the
mercerised and unmercerised fabrics.

4.2. Relaxed wales/cm
Interlock (Figures 13-18)

Rather surprisingly these curves show that a crosslinking treatment results in a slight increase
in the relaxed wales. This means that for a given width shrinkage, a crosslinked fabric would
have to be finished dlightly narrower or, conversely, if finished to the same width, would
result in adlightly higher width shrinkage figure.

1x1 Rib (Figures19-24)

There is a suggestion that the same would apply to unmercerised 1x1 rib fabrics athough to a
lesser degree. The mercerised fabrics however al behave very similarly.

4.3. Relaxed weight
Interlock (Figures 25-30)

Predictably, the 1% crosslinker treatment is giving fabrics with relaxed weights almost mid-
way between the control fabrics and the 2.5% crosslinked fabrics. This applies to the
mercerised as well as the unmercerised fabrics.

1x1 Rib (Figures 31-56)

The rib fabrics show a dightly different behaviour than the interlock fabrics. The relaxed
weight of the 1% crosslinked samples is very near to that of the controls. In fact, with the
mercerised fabrics it is arguably impossible to separate them. The 2.5% crosslinked samples
however show considerable differences resulting in relaxed fabrics with much lower weights.

4.4. Relaxed bursting strength
Interlock (Figures 37-42)
Again, perhaps predictably, the burst strength figures of a 1% unmercerised crosslinked fabric
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are approximately mid-way between the controls and the 2.5% crosslinked fabric. With the
mercerised fabrics, however, there is a tendency for the 1% crosslinked fabrics to have burst
strengths approaching those of the controls.

1x1 Rib (Figures43-48)
Asfor interlock.

4.5. Relaxed stitch density
Interlock (Figures 49-54)

Again, with the unmercerised fabrics the 1% crosslinking treatment has given relaxed stitch
densities, mid-way between the controls and the 2.5% crosslinked fabrics. With the
mercerised fabrics, the 1% crosslinked fabrics and the open-width controls are very similar
and have given gtitch densities falling between the tubular finished controls and the 2.5%
crosslinked fabrics.

1x1 Rib (Figures55-60)

With the rib fabrics the curves for the various treatments are more closely packed together
than with the interlock fabrics and, particularly with the mercerised fabrics, it is difficult to
separate the 1% crosslinked fabrics from the controls.

4.6. Length Shrinkage
Interlock (Figures 61-66)

Shrinkage is determined not only by the fully relaxed structure but the degree to which this
structure can be approached by mechanical methods during the finishing operation. With the
unmercerised interlock fabrics it has been possible to approach this structure better by tubular
finishing methods than by an open-width method, thus resulting in lower length shrinkage
figures. The converseis the case with the mercerised fabrics.

Crosslinking clearly has the effect of reducing length shrinkage and the difference between
the two crosslinker levels is more apparent with the unmercerised than the mercerised fabrics.

1x1 Rib (Figures67-72)

The tubular and open-width finishing routes show similar length shrinkage results on both the
unmercerised and mercerised fabrics. The effect of applying crosslinking agent is again very
clear with the 1% level giving residual length shrinkage values between the controls and the
2.5% crosslinker level.

5. Conclusions

It is very clear from the results presented in this report that the application of a crosslinking
agent can produce in some cases considerable alteration to the fully relaxed properties of
knitted 1x1 rib and interlock fabrics.

The degree to which a particular property is changed by crosslinking can be influenced by
whether or not the fabric has been pre-mercerised. The extent to which a particular property
is changed by crosslinking can be predicted, using the Equations 1-5 given in the text,
together with the coefficients obtained as a result of this latest analysis. However, this can
only be done where the level of crosslinking agent corresponds with those on which the
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analysiswas carried out, i.e. 1% & 2.5% levels.

To be used in the STARFISH modé it will be necessary to produce equations in which the
level of crosslinking agent is one of the independent variables.

With only two levels of crosslinking carried out so far this is not possible and, therefore, two
other application levels should be carried out, one of which should be intermediate.
Suggested levels for a further two treatments are 1326 and 3¥4% crosslinker based on fabric
dry weight.

The major surprise of thiswork, as far as the author is concerned, is the effect of crosslinking
on width stability. It had been assumed that crosslinking would enable fabrics to be finished
wider without a corresponding increase in width shrinkage but the evidence so far shows this
not to be the case.



Table 1. I nterlock Relaxed Courses/cm y=a+b/l+cNavTex
Rou7e a b e v

JD -3.5L92 5thp07 05093 O 913
JDS -7.671 5-m7% 1-283 ©-AKG2
JDH -5-607% 5-8293 o -N76 09382
JDXI -10-73/3 63924 229 SR YA 2
JDX2 —15 - 1569 6-4323 23612 Q- 974¢
MID k0904, BBl 9 07 %92 0:9593
MTDS =7- 2773 5. 0949 11764 0:9%0;
MJIDH -2 9480 5-2270 1 6488 0-58%,.
MIDX/ -9-7433 43197 14028 0-9896
MIPX2 —10- 1178 | S-0690 1-8870 0-9906

Table 2; 1x1 Rib Relaxed Courses/cm y=a+bl+cNavTex
Route o b c v
JD 61717 513006 l.oS05 0-97%6
J>»s 13- bb79 | 6-6b77 1-75158 0 G207
JDH -6 4361 | 581065 08113 0- 94912
JDXI -9. 0063 62029 O- 3483 09217
JDX2 “15. 1528 66758 16289 0-987¢
MJID —b- w754 | b7 1-2995 0 9814
MTIDS -9. 0398 | S.uo79 1-3239 0-9853
M3JIDH =7 - 360 5-3u70 11723 0:9858
MIPX2 | -12- 974 5978 1-890y 0588y




Table 3:

Table 4:

Interlock  Relaxed Wales/cm y=a+b/l+cNavTex
RouTe O b C v 4
JD 11.9287 | 2.694% -1 8174, 09277
IDS 12.9385 | 29959 -9.00/7 | 0793
JDH 1$. 128 | Z-0530 ~-1-7819 0967/
JDXI 13-3130 32188 -2. 1802 0-9592.

JDX2 17 - hoxy 29459 -2 %057 O -914
MJTD 13-2070 3.79204 -9. 0359 0-9525
MTDS 16.272% R -8 Su20 0-9807
M3JIDH 16 3%nn 34930 | -3.6370 09207
MIDX ! 17375 3:-4Y073 ~9.7292 09628
MIDPX2, 15 72390 3489y -2 .3387 09160
1x1 Rib Relaxed Wales/cm y=a+b/l+cNavTex
ROU.'TE O b C \-‘t
JD 24521 2.4227 —0.0842 0-9670
IDS 2.2308 2.2300 O-0hI2, 09603
JDH 31673 24188 -0 - 2018 09570
JDXI 58845 1-9845 -0 436 09372
JDX2 7-S6b7 1 7346 ~0: bobo 09285
MID 75188 26116 - 0-98% 09741
MTDS B850 AT ~ /-8 O 842
M3JDH BA781- 241880 =034 09562
MIDXK ! 7 oz 2. b2 ~0 9337 O G665
MIPX2 T 11977 | ~1-3%% | ©9u9%




Table5:

Table6:

I nterlock Relaxed Weight y=a+ b.Tex/l
Rou7e a b 3 v &
JD 33-6b2yz | 40873 0 961
JDS 19-1307 250 0-98)3
JDH 85 o740 | 38740 09755
JDX! 17- 6816 3:9038 0-9727
JDX2 -20-5044 houtq 09692
M ID 28.9328 | #2768 0-958(,
MTIDS 19. bre2, H 1946 0-98 1Y
M3JIDH 12 9865 k-S4 2(, ©-A55u.
MIDX 2810 L 1622 059873
MIPX2 G k247 28568 0-922.94
1x1 Rib Relaxed Weight y=a+ b.Tex/l
RouTe a b C v 2

JD “R0. buby | 33862 098¢
JDS -Q/.0/88 2.3336 O 983
JDH -17.%97 32629 09920
JDXI —4.7707 2:903; 0-%759
JDX2 -25. 2057 28047 0.9507
MJID -7.560¢ 3. 2048 0.9%915
MTDS - 284 3161) 0993
MJIDH 200k J.1007 09922
MID X! -l 030 367 0-9%94
MIPX2, ~18- 4920 | Q7632 0-98%7




Table7: I nterlock Relaxed Burst Strength y=a+ b./I>?+ c.avTex + d.avSES
2
Rou7e a b c d. v
JD ~Ilb-1761 | k0-7293 . huz | 1-yI42 0-967/
JDS —577 39 2L Ouzo 1229332 -7 -8k ks 0-9734
JDH
JDOXI — 472-8922. | 29.049% 766324 | —tp 1131 0-9068
JDX2 —-332- 8245 | 22.018b 2. 8599 1 4237 O W9
MJID 9% .1875 Hb 527 — 979993 7-7962. 09490
MTDS - 336350 3/. Loou ~32- Ko7, L6692 0-908%
MJIDH —S2-0245 | i o208 18-9080 2 699 0-MNR
MIDX! —590-6757 | Q8- ik 89.1019 | -2 408 0-9558
MIPX2 | -673-988; | 38 3wa. | 79.9468 | —2.0040 0990
Table8: 1x1 Rib Relaxed Burst Strength y=a+b./I?+ c.avTex + d.avSES
RouTe o b ¢ d. o
JD 83 . 723/ 2542822 | —r0% 1892 10.04.82, © 9764
JDS 325 %282 | /9.83uy 23 9943 ©.357/ 09638
JDH 7.8 | 23.59.6 | —0.0253 21186 0-957%
JDXI 1091 - 2406 | 19.2087 | -20%.-14182 | 1%-9uSn 09437
JDX2 “36 - Wt | . Bb1Q 186503 —0- 1049 0.9082
MID -204 .0834 27.2382 | ~15.375% %4.0330 0-92.4
M TDS -932-$uSo | 189895 1§tz /- O8] 09706
MJIDH -1928 - 121 22 L5985 S16. 210 ~32- to2o O 9962,
HID X -239 . 9239 | /%-L3oS 2h-S6iS | —0-394¢ 09764
MIDX2  [-28.779: | 15-3259 -9.7036 | 2.8§22 0949
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Table9: I nterlock Relaxed Sitch Density y=a+ b./I>+ c.avTex
Rou7e o b C A
JD 65.978 | 20.098% | -2.0,29 0.970%
JDS Wi 7224 | Q1 w178 | -1 .60k 0-.9775
JDH
JDXI 47673 | 23.0049 | —1-1724 0.95%8
JDX2 =94l | 22171 -0-2357 0-9773
MJID 623570 2130 =1 -99733 0.9%94
MTIDS $1.2532. | 20796 | —!- 3938 0-9%3%0
M3JIDH B4 7319 | U619 | -1 3878 0-9%92
MIDXK I 304193 | - 4o | ~1. oy ©-Qq7
”DXZ b-2.057 202697 | ~0-1n3 0-99497
Table 10: 1x1 Rib Relaxed Stitch Density y=a+ b./I? + cavTex
RouTe a b c v 2
JD ~10.9067 | 42347 11619 ©.69837
JIDS ~4u3. 9012 | 15.79237 2-0824 09687
JDH —-S. 781y | IS-0422 0.4904 | ©.9933
JDXI —0 - 0053 14 3632, O.lb2iuy 0.9787
JDX2 ~24.7803 | . 3315 0816y 0.9905
MJID 22.5990 . 11yo 0.0000 O 9899
MIDS n-8741 15 HE99 -0.2875 | ©-.995
MJIDH 20.353S | 15.04958 —-0:327/ 09974
MID X/ 164939 | 15.8438 O ‘2040 0 9945
MIPX2 I bung 4. S00e -0 085( 0-99%:8

11




Figurel

1/34°s Ne INTERLOCK-====~~ RELAXED COURSES
COURSES PER CM AW
L . exJD
5 I~ vt b=JDS
\\ ."'u. b c=JDK1
- | ~ R d=JDK2
17 \\ LL
' N T
“\\ ey,
16 - ‘\\x ‘h..a _‘
\\\ .;-:~ b
- X
15 N N =g
. \\'\. ~ .
"‘\_\ ﬁ-b
14 B d \'"ﬁ\\ - "‘:"'*-ﬁ.
. “"--.__‘ ~.b Rt
L e N )
13 IRy d '\--.__‘
-“‘\ﬁ‘ C
12 ~d =
11 - "3”
8.29 8.3 8.31 ©9.32 ©.33 ©6.34 ©8.35 ©8.36 8.37 b.38
FINISHED STITCH LENHGTH AW CHM.
Figure2
17385 Ne INTERLOCK=-==== RELAXED COURSES
COURSES PER CM AW
- . a=JD
58 L W b=JDS
o RN c=jdx1
. ~ e d=jdxe
Iy 8 o DTN
~ b\
\\ a ~ ‘
- \"-. -~ (3
16 \&\ e
b b "~
'\\ -
15 - ~o S
& a s .
d x\\\ ~ . .,,‘31
14 I~ ‘“b\f{_. 5" L Cl
\"\. b - -
d T x“"'\. “b -
3 i c ey -
d SN
12 F S T
11 - d.
-ed

8.29 8.3 8.31 8.32 ©6.33 @.34 8.35 8.36 8.37 8.38
FIHISHED STITCH LENGTH AW CHM,

12



Figure3

142°s Ne INTERLOCK---~- RELAXED COURSES
COURSES PER CM AW
S a=JD
A e, h=JDS
! ~ e c=JDX1
AN ~ g d=JD¥2
17 & ~
i\.\ ~ b -
~ ~
- ~a f R
16 \_\ ... :[3&.
\"‘-.._ & - . a
15 F Mg Tl
~ e }\.\
. ‘T,\\ - ' ""--.‘_‘
4t - d St It
L ~ e b
S s
3 B h"a._“ Sl b
1 d \‘"--._\_ C T
i2 B B \\"“a
d e “‘H“'-‘
T
1 e
d
8.29 0.3 .31 ©.32 @.33 0.34 9.35 ©.3c ©.37 8.38
FIMISHED STITCH LENGTH CM AM.
Figure4
1¥34°s Ne MERCERISED INTERLOCK----- RELAXED COURSES
COURSES PER CM A
> A " a=HJo
L T =MD
R ¢=MJDH
RN d=MJD¥1
16 "« Vgg, R g e=MJDX2
- 8 = '~ .3.“"1'\
138 R b d S . ﬁh“\-
- b- \ C“""‘"
- . - a “"‘.
- - e \""-«..
e, Wi T
14 o o ” d . ) b P b, E‘“g‘\
13t ‘“E«A By Hong &ttxbww_
~.__‘ ’ ."d_ E -~ s T~
-~y EII" - o b h =
1z r % 3
~q y
1or TP
e-‘ -
te |

6.27 8.28 ©.25 6.2 ©8.31 9.32 6.33 6.34 9,35 .36
FINISHED STITCH LENGTH AW CM

13



Figure5

COURSES PER CH

1738 ¢ Ne MERCERISED
AN

INTERLCCK

RELA®ED COURSES

a=MJD
b=MJDS
c=MJDH
d=HJDX1
e=MJD¥2

....
-

17 ro
16 )
T
14
12 f
12t
1
16
Figure6

6.27 ©.28 ©.29 0.3

6.31 8.32
FIHISHED STITCH LENGTH AW CH

1742 5 Me MERCERISED IMTERLOCK

COURSES PER CM AW

8.33 6.34 6.35 6.36

FELAXED COURSES

e o R, a=MJD
~ N =D
- ‘., ‘.‘ \"Q._ c=MJDH
i6 N d=MJp¥ 1
AN e=MIDX2
15 F o RS e
Y T ~ c-\"-. ey,
S g - NS Ny
4 F NN
t “, oo o
2~ d"' = N \‘\h-“.
13 f Sy e
d . b S=_g
E‘-‘ . ll-“ “.‘\l-._“‘-‘
1z r * e -.d s =
S - ..
ce
16 | -
@.27 8,26 8,29 0.3 0.31 0.32 ©6.33 0.34 8.35 8.36

FIMISHED STITCH LEHGTH AW CM

14



Figure?7

23
[

18

16

14

12

Figure8

22

18

16

14

12675 Ne (X! RIB--~~- RELAXED COURSES
COURSES PER CM aM
N a=Jb
1 ~ h=JD%
DN N c=JOH
P ag d=JD¥1
- ".'f::\ " . €=JD:‘:2
N \:\b ~ i
telw .
~ " . ‘-_ib.‘ ~ e
‘d.\' . N‘km S
- ‘e. k "‘Ika‘ .
R P
= . -~
~ . . \h:h.\
L2 )
i e >
- ) -
- - d q‘d“.‘_ .
- bR
- . -
e ™ d-. Rt
- Sl ) ) “b‘*:-.:_
e 94"
i Teal
G.26 0.28 6.3 9,35 5.34
FINISHED STITCH LEHGTH CM AW
17308 Ne 1¥! RIB=-===- RELAKED COURSES
COURSES PER CTM AW
[ a=Jb
S b=JDS
N c=JDH
'-..:‘.\\"\ . d=JDHI
. e e=JDKZ
TN
; R
bl B e \\ .
S e T
L T ™
€., .. d \\hw
" e ., ‘:‘;..::‘f
= - = &\
~.e ) i
- . *a . : h
T d ‘:‘lgq‘*-h
S vl TR, e
E‘ Y N - Rl "
= "tm -‘d' . N
o e = L.
“‘!n
i " "y A L 4
Bg.26 9.28 8.3 a,32 0.34 a.

FINISHED STITCH LEHGTH CH AW

15



Figure9
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Figure 11
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Figure 13
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