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Process Exploration and Optimization of Ultra-High Molecular Weight
Polyethylene/Stainless Steel Wire/Nylon Coated Yarn

ZHONG Lin', ZHENG Minbo>, GUO Yanwen', HUANG Xiaomei', CAO Haijian "'
(1. School of Textile and Clothing, Nantong University, Nantong 226019, China; 2. Jihua 3542 Textile Co., Ltd.,
Xiangyang 441100, China)
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Abstract: The influence of draft multiple, winding rate and outsourcing twist on the breaking force of coated yarn was
explored using one-factor experiment. On the basis of single factor, SPSS software was used to conduct significance
analysis, and the levels with significant differences were selected. It conducted orthogonal experiments with interactive
effects based on the breaking force of the coated yarn to determine the optimal process for ultra-high molecular weight poly-
ethylene/stainless steel wire/nylon coated yarn. The results show that the interaction between draft multiple, winding rate
and outsourcing twist has a significant impact on the process of the ultra-high molecular weight polyethylene/stainless steel
wire/nylon coated yarn. The optimal coating process of ultra-high molecular weight polyethylene/stainless steel wire/nylon
coated yarn was determined as follows: draft multiple 1.00, winding rate 1.1, outsourcing twist 200 twist/m.

Key words : coated yarn, draft multiple, winding rate, twist, breaking force
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22T VRS SRR PUSY T, AR LD rh B S BT L
LD LR TR E 7 5 R 48 1 B | T B R
FHPER RIS R A0 2 G 45 4 T LAl 3 AL
ZRNEF AR, BRI, SCrP PUR TR (polyamide , PA)
K22 Jg S 2T 4k, LI = 53 1 2R 0 (ultra-high
molecular weight polyethylene, UHMWPE ) < 2Z i1 1~
PR 22 gt il # e 0 T R SR/ AN 2/
WL EL (LT AR UHMWPEL A 2b) o SCrP iR
FAEMEE AL INZ PA 25 (LT fRFRSb
LIS ) X 411 7 20 WK ALt ) 2 ), O J8 5 1E 2T 5K
BB R MM, S RERE T 2.

1 SEWERS

1.1 #EE5MNEE
1.1.1 JR# UHMWPE K22 (£%5 3% 422.2 tex) ,
LR NMNAREARA R A ENEE2Z (H
#2050 um) , VL3R4 K HE 4 J8 27 A7 BRA ) A2 77
PARZZ(LRHWEN 7.7 tex) ML IIE WA 4EH
BRA T, JURHSEA ) BEALAR I RE W3R 1,
R1 ERERYEYR R
Tab.1 Basic physical and mechanical properties of

raw materials

g O g
(g/cm”) (N/tex)

UHMWPE 0.97 68.82 97.0

R 22 7.86 9.31 25.0

PA 1.14 0.62 39.8

1.1.2 L%  HKV - 101D BE &L, Wik TRk
A A PR 2N &) il 1 HKV141D B 25 00 58 70 78
22 B, W I AE T B R A BR A Al
Instron 5969 HR! J7 G A BHA B AL, 35 [ Instron 2\ H)

il 3 o
1.2 7%
1.2.1 aZyde& WEDSWMEL s, &

WIPE R (8 2 1 N 85 X 42 | 22 . UHMWPE K 22 &
T2 BRI GEARET IS AR 4R IR PA K 228
TYLINZ, DARTHL L 5 N A4 Bz R A2 f B 11 7 325
&, [FBT, T UHMWPE K 22 R e, B T
SRR, R Z B T2 BRI
B LR OIMILF AT SN LR A 45 A HL
TR, B AR TR nT A fE S B 22 L
EAREER . Qml Ly, KN T4 BE 4
HNEEETFTESOET L D2 N4 R7 T iR
2%, Rl B IR IS Sl S AR A T — e A
B, BN T KK EA T Z2 08 T M L2
250 IEN s BE T AE Al T B0 R Il

BEfA_E MO 2RSS e T 22 I TE T R A
22JP RN, b JRSE T R R e s 90 ; 22 fn 4
—E MRS AE 30 RS2V 5 | i A 20 45 8 3]
FATR T LA RN 2 TR

<P
“/{ UHMWPEK-2
— |
R 4 ({

Bl ES5HSFERZE/IAFNL/ BLEELEN
Fig. 1 Structure of ultra-high molecular weight poly-
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ethylene/stainless steel wire/nylon coated yarn
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Fig.2 Principle of coated yarn process

1.2.2 &Yk Aan MR
PLEEAT I dom Syl AR 4E GB/T 14344—2022( 1k
AU KPR ) M BB S e iR
7 500 mm , fi R 250 mm/min, fi AAH R 2028
RERE . BELME 10 K, BOFHE,
1.2.3 #RF%EE R LL2.1 byl &
2, NJE PA K 2245 ¥ &y 400 $5/m; >R H]
1. 2. 27R 07 ik gt Ay W 8 0 3 3K, e il 2 60 7 40 1)
2 EITE 50 tex ZeAq , MK A 50 tex, 473
T RS O E &SR N 1.5, S ie
250 #%/m, % ZX A 6] 22 1R 4 %5 (0. 90,0. 95,1. 00,
1.05,1.10) X3 A 20 Wi 2458 77 iy 52 ; @) & 42 fif
RN 1,00, SMUEEE N 250 £/ m, B AR 4558
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M) 5 DI 22 ZE S A 1. 00, 5588y 1.5, 5%

Al SME A8 EE (150,200,250, 300, 350 fg/nl)xfégﬁg
LTl AlE

1.2.4 XEMAERER SR ERKNE LK KRR
b BEHIE AR SE A B b i 45 T80 L e
FME ELOR MU E N RN R, AR
B3 K, BRI 2, Hiefdd 2 47 L, (37)

xR2 BEBIZHEZERKTE
Tab.2 Variables and levels of coating process
S
K- SMEIREE/
s b Sk 2o gt 2
Z2 (S BLER (48/m)
1 0.90 1.1 200
2 0.95 1.3 250
1.00 1.5 300
2 HZRE5SMH

2.1 HERLWHERIW
AEPAEEL A B8 AN HE B X 7 2 b v
REM A& 3 s o

1) 3(a) AT LUFE i, UHMWPE 4378 25 119 7
45 7 B 2 R A KR %) 1 =2 B0 D B 3 K U
INFREE A AR 1. 00 I, BT 458 ) 1k B B
KAH . BIEP S BEE 22 A5 BN IS K, IS 22 35 3%
P AR AR T, 204 NN 7 3G T, BRI AT DA
Z KA 75 B A RO i — o BUE R, BT
22 AT BRI AL ok B2 P AR, R B A2 S e
SRR TN L2 RS K, DT 56 DRy 24 5% )
{}j/] [14-15]

fifi ] SPSS AT 7 22 B E M S5 b, ik
B3 N Wrdsm K HA #2557 (p <0.05) 2
ii£5%2(0.90,0.95,1.00) #17f5 22 1E A S50 .

2) & 3(b) W LLE ), UHMWPE {255 2 () 7
458 7 Bl 25 45 58 25 0 38 52 905 1G K W80/ 1Y
P, MBLER N 1.5 B, Wi A5 I 38 B 5 K AE ;Y
BLERRKT 1T B, Wrdag 77 B s/, X2 R
Bl A5 58 R (M)W R, BRIk, o 172
fﬂ%ﬁi BB —E BUE, BTt 225K 7

TR PR TR, B 2L N

fifi H SPSS B 4 2E 47 7 22 W & 1 25 % 0 i,
m%@$ﬁ17ﬂ19ﬁ%ﬁ%@§#@>
0.05) ., BEH3 MWrEdnR T K HA 271G
ZeAR(1.1,1.3,1.5) A7 G 8L IEAC S

3) il 3(c) ATLLF th, UHMWPE .75 25 1 Wy
40 77 BEA S AL 45 S B3 T 1 BR e B KRR I 1Y
e, AU O 250 $&/m I, W7 R T iR
TR PR DA B 038 ) T M O, 7 A4 i) ) B 4 0 3
A5 T B 5, 20 2 TN B, DR UG R 2R 5 ) g
s HEE R 250 $i5/m B, A1 28 A B[] 4
R ALY AT 1) AT A2 1 0 000N, [ 4 52 3 R
S LS Z A0 G, BRI SR S LB B, N
M 2D 22 (1 T3 /N>

sol & c E3
——
d
§60 .
e
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AR FRAGERZER R
B3 BERIRER
Fig.3 Results of single factor experiment
fdi ] SPSS #4h E47 75 22 W3 M 22 S o0, 19
MR EE N 150,350 4&/m BIC R EMEE S (p >
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0.05) . PEH3 Nk Lsm ik k HA B2 54t
AIERJE (200,250,300 $8/m) EAT)ELEIE 2SS .
2.2 EXLHRERNM

SCHCRH Ly, (3%) IE 28 #3146 % UHMWPE
TP AR LR SMOIRIE 3 NN E AT IE

SESH, LAFRT A% A 3R K 4% TR 3R 8] B4 A0 B AR )
UHMWPE 45 20 i 2858 1 B2 0, I 0 B i Fe
BT L. R3NFEMFE(A) BLR(B) Sl
JE(C)3 AR AEA R K-~ UHMWPE 4141
LRI WIRGER T

xI EXIWRITRER
Tab.3 Design and results of orthogonal experiment

N 2 3 4 5 6 7 8 9 0 11 2 13

SR T B AB  AB C AC AC  BC =% =55 BC #8258 #4)/N
1 1 1 1 1 1 1 1 1 1 1 1 1 I 60.665
2 1 1 | 1 2 2 2 2 2 2 2 2 2 66.116
3 | 1 | 1 3 3 3 3 3 3 3 3 3 73,145
4 | 2 2 2 1 | 1 2 2 2 3 3 3 55.204
5 | 2 2 2 2 2 2 3 3 3 1 1 1 75,123
6 1 2 2 2 3 3 3 1 1 1 2 2 2 69.201
7 1 3 3 3 1 1 1 3 3 3 2 2 2 71.540
8 1 3 3 3 2 2 2 | 1 1 3 3 3 78.939
9 1 3 3 3 3 3 3 2 2 2 1 1 1 66.704
10 2 | 2 3 1 2 3 | 2 3 1 2 3 63.378
1 2 1 2 3 2 3 1 2 3 1 2 3 | 54.764
12 2 1 2 3 3 1 2 3 1 2 3 1 2 59.715
13 2 2 3 1 1 2 3 2 3 ! 3 1 2 64.815
14 2 2 3 | 2 3 1 3 1 2 1 2 3 61.826
15 2 2 3 | 3 1 2 1 2 3 2 3 1 77.093
16 2 3 | 2 1 2 3 3 1 2 2 3 1 76.136
17 2 3 | 2 2 3 1 | 2 3 3 1 2 74.427
18 2 3 | 2 3 | 2 2 3 1 1 2 3 77.128
19 3 ! 3 2 1 3 2 1 3 2 1 3 2 83.620
20 3 1 3 2 2 1 3 2 1 3 2 1 3 73.434
21 3 1 3 2 3 2 1 3 2 1 3 2 1 75.176
2 3 2 1 3 1 3 2 2 1 3 3 2 1 79.678
23 3 2 | 3 2 | 3 3 2 1 1 3 2 77.170
24 3 2 | 3 3 2 1 | 3 2 2 1 3 74.859
25 3 3 2 1 1 3 2 3 2 1 2 1 3 70.689
26 3 3 2 1 2 1 3 1 3 2 3 2 1 82.425
27 3 3 2 | 3 2 1 2 1 3 1 3 2 59.655
k,  68.525 67.779 73.258 68.492 69.535 70.496 65.356 73.845 69. 474
ky  67.698 70.562 65.583 73.282 71.580 70.466 73.233 66.399 70. 426
ky  75.190 73.071 72.572 69.639 70.297 70.450 71.823 71.169 71.513

B2 7.492 5.292 7.675 4.790 2.045 0.046 8.877 7.446 2.039

VE thy kb RN ZEE 9 TR (1,2,3) 4 BOR (.

2 3 A LLA h, W 258 J) 78 54. 764 ~
83. 620 Nyu[FE N 223, H 25 -y 28. 856 N, i K{E 2
/MBI 1.5 £, Horb, SR (A) (L5
(B) AMEAEE (C) Bk 22 (R) 4350 K 7. 492,
5.292,2.045 R ik, %F UHMWPE {075 20 W 2108 /g
(RS2 R K, PR 3 AN IR s HE P A > B >
C;AB AC.BC 2 HAEH M 25 R 43 520 12. 465,
8.923,9. 485, [A itk 52 ‘B A HI B9 5% i HE 57 iy AB >
BC > AC,

AR ZE AT LU, AT = R A2 AR
FHE2, B A2 AR X UHMWPE 43 75 20 Wr 2458 )
AISEMA R o B/ INT IR 228 2405 22 2 A5 AU AR 3 oK
1B 22705 A IR iR 22512 R A IE 28 52 Bl
FHATEAG AL, 15377 220 A 2R BAR LR 4.

H 4 TR Y, A2 AR B (A) DL R 22 A 4L
(A) EBLEH(B) HMIIEE (C) Z m iy 32 5AEH
AB AC BC %} UHMWPE {378 2b i) Wy 2458 1 A b 3%
M (p <0.05) , HEEWF A AB > AC >BC > A,
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Tab.4 Analysis of variance 3 g:l!l: -IE:
S S5 v L Vi3] S 4 p SRS b T AL 2 WL UHMWPE 4
A 303. 663 2 7.243  0.011° y I
B 196. 147 5 3000 0.095 BRI 2%, WA A AT B G 58 R AN R X
C 19.234 2 0.459 0.645 UHMWPE {78 20 W7 2458 77 )2 i FUEE s 9 DL 4o 7 20
AB 437.305 4 10.430  0.001** W4 1 P F8 bR, 76 B R 2R SE 06 A SR 1, >R
AC379.316 4 9.047  0.002" Ly, (3%) IEASS S04 R 22 ] 1 5 LA, AR A
BC 274.831 4 6.555 0.007 ** UHMWPE @%Q/I E/JT/:EIJ%I% /EI?IJ[/J\T%:IIIQ
Rz 209. 64 10

W:oxx, x4 RIERRTE 0.01 F10.05 AP B3,
Kl 4 AR ZEMEE(A) BHERE(B)HAET
UHMWPE {178 20 iy Wi 45 77, K 4 ATLLE
AB, A BIRE TR, R 77.410 N,

80

70
ol
// 7

%40 / /
1111
AB AB, AB AB

4 FEFEMEH.E%EEXHST UHMWPE 82
HIETS3E A
Fig.4 Breaking force of UHMWPE coated yarn under
different combination of draft multiple and
winding rate
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Fig.5 Breaking force of UHMWPE coated yarn under
different combination of draft multiple and

outsourcing twist

1) 2% fif % B B 58 R A 4 18 B 02 5
UHMWPE {353 2P Wi 2458 ) i OCHE R R, B =38 Z 1]
FHEWEAZTAEN.

2) gL =R B 58 BEAE R X UHMWPE
WE T Z2A W FEm, ¥ mikFy h AB > AC
>BC>A,

3) UHMWPE f 8 20 i) fe AE B 12000 2 A s
1.00 55858 1.1 MR 200 48/m, 7EILAS
T, H W24 71y 83.620 N,

LR & RS BN T 2T
T, AT RO B 7 2 Y W 458 0 5 TR kAT 24
AR 1 2% P A R R Z [R50
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