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Abstract—The study has been conducted to investigate the relationship between yarn
structural parameters such as diameter, twist multiplier and linear density, and mechanical
properties of yarns measured by KES-F System. Each mechanical characteristic values per
tex have non-linear relationship to the increment of yarn diameter, but as the linear density
has increased, the mechanical characteristic values except for the bending characteristics have
decreased linearly. It is, however, difficult to analyze obviously on the effects of twist multiplier
even though the bending and the shear characteristic values were inclined to decrease. The
effect of dyeing has also considered. The results are showing that yarn-dyed samples had
higher effects than top-dyed ones on the mechanical characteristics.
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Table 2. Apparatus and characteristics of
2.1 A = measurment
AR FABE e FRE DE 24 155
. - Mechanical
Abgata Algol tiE HAE Table 1% 2Th CODE Apparatus
properties
2.2 AlEd KES-G1  Tensile tester EM, LT, WT, RT
AN®e Kawabata®l KES-systemS #4313 KES-SE  Surface tester MIU, MMD, SMD
KESol 4} #|ete 16F¢] A8tz EAdzlel &F o KES-YN-1 Intersecting tester G, 2HG, 2HG5
AL gl AE7IE Table 20 EAISIETE 53] A KES-YN-2 Pure bending tester B, 2HB
87b Hgol opd Adelr) wEel HESl Bk KEgpR3  Compression tester LC, WC, RC
Table 1. Specification of yarns
Sample Wool fibre Diameter Counts of yarns(TEX) T. P. 1 Dye
code (um) Single Fold Single Fold
Y 1 NZ Merino 17 11.05 22.1 24.2 17.76 Undyed
Y 2 NZ Merino 17 15.8 316 16.5 159 Topdyed
Y 3 NZ Merino 17 316 10.3 Topdyed
Y 4 NZ Merino 19 22.15 44.3 13.3 11.2 Topdyed
Y 5 NZ Merino 19 134 26.8 17.26 14.56 Undyed
Y 6 NZ Merino 19 96.95 12.3 Topdyed
Y 7 NZ Merino 19 96.9 193.8 12.73 84 Undyed
Y 8 NZ Merino 19 96.9 193.8 15.13 8.03 Yarndyed
Y 9 NZ Merino 22 1211 11.86 Topdyed
Y 10 NZ Merino 22 121.1 10.8 Undyed
Y 11 NZ Merino 25 295 14.26 Undyed
Y 12 NZ Merino 25 29.55 59.1 11.86 11.48 Undyed
Y 13 NZ Merino 25 29.55 59.1 12.56 11.03 Topdyed
Y 14 NZ Romney 30 1615 10.36 Undyed
NZ Merino 22
Y 15 NZ Romney 30 161.5 12,5 Yarndyed
NZ Merino 22
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Fig. 1. Diagram between tex and tensile
energy, compressional energy, and

shear stiffness for yarn.
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Fig. 2. Diagram between tex and frictional
coefficient, deviation of frictional
coefficient, tensile linearity, and co-

mpressional linearity for yarn.
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Fig. 3. Diagram between tex and bending
rigidity, bending hysteresis, and de-
viation of surface roughness for yarn.
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Table 3. Regression between tex and chara-

teristic values

Mechanical . .
Regressional equation
prop.
EM Worst -1.26X107°X-+1.18X107*
Woolen -1.71X107*X+4.87X107*
LT Worst -469X10 *X+3.52X107*
Woolen -3.68X107°X+9.78 X103
WT Worst -8.99X107*X+7.52X1072
Woolen -1.30X107*X+3.35X10?
RT Worst -4.90X107*X+4.17
Woolen -2.52X107"X+8.69X107"
B Worst 1.33X107°X-+350X1072
Woolen -9.49X 10 °X*+2.82X1073-1.61X107!
2HB Worst 1.07X1073%X+852X107*
Woolen -2.70X 1075X?-+8.28X107*-3.07X107?
G Worst -754X107*X+9.10X107*
Woolen 2.75X107°X+257X1072
2HG Worst -5.05X 10 X+565X10!
Woolen -4.80X1074X+229X10"
2HGS5 Worst  -5.01X 107X +550X107!
Woolen -6.93X10"*X+257X107!
LC Worst -208X10 *X+186X10°*
Woolen -2.11X10"°X +647X 10"
WC Worst -9.94X107°X+1.26X107
Woolen -3.05X107°X+1.12X107*
RC Worst -325X10 °X+307
Woolen -2.90X1073X+852X107!
MIU Worst -1.19X107*X+9.85X1077
Woolen -1.14X107°X+3.32X107*
MMD Worst -851X10"°X+6.77X10~*
Woolen -103X 10 °X+253X 10~
SMD Worst -1.12X107*X+1.23X107!
Woolen -1.35X107°X+4.63X107?
T Worst -8.18X107°X+741X1073
Woolen -849X107°X+258X107*
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Fig. 5. Diagram between wool diameter and
deviation of surface roughness, shear
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Fig. 6. Diagram between wool diameter and
bending rigidity, bending hysteresis,
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linearity for yarn.
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Table 4. Regression between wool diameter

and characteristic values

o go

Mech.
prop.

Regressional equation

EM  2308X107°X*—
LT 6.158X107*X*—2.641X10*X+0.289
WT  1457X107°X*—6.410X 107X+ 0.719
RT  1.054X107'X*—4.552X107*X+49.70

1.019X107'X+1.150

B 3.123X107°X*—1.259X 10" 'X + 1.304
2HB  9.131X107*X*—3.587X 107X +0.385

G- 1976X107°X*—8.680X 10 *X+0.978
2HG  1.246X107*X*—5.393X 10 'X+5.991
2HG5 1.144X1072X*—4.957 X 107X +5.530

LC  4.057X107*X*— 1.782X 107X +0.199
WC  3.943X107°X2— 1.730X 107 "X+0.926
RC  7.028X107?X*—3.05X+33.59

MIU 2057 X107*X*—8.937 X 10X+ 0.099
MMD 1.323X10°X°—5.669X 10X+ 0.006
SMD 3.073X107°X*— 1.316X 10 'X+ 1437

T 1.678 X 107*X?*— 7.321 X 107°X + 0.813
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Table 5. Effects of dyeing
Tensile Bending Shear Compress Surface
EM LT WT RT B 2HB G 2HG 2HG5 LC WC RC MIU MMD SMD
TOp dyed + . + - + ++ + + - +
Yarn dyed + - ++ - + + 0 - : +
Ch + I increase, — : decrease
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