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Preparation and Ballistic Performance of Full-Width Weft Insertion Knitted
Fabric/Surlyn Resin Flexible Composite Materical

ZHAO Junzhu, MA Pibo”
( Engineering Research Center for Knitting Technology, Ministry of Education, Jiangnan University, Wuxi 214122, China)

Abstract:To balance the relationship between the weight, flexibility, comfort, and ballistic performance of bulletproof
materials, three types of flexible bulletproof composite materials with different specifications were prepared using full-width
weft insertion knitted fabric as reinforcement and Surlyn resin as matrix material. In order to investigate the ballistic pene-
tration performance of full-width weft insertion knitted fabric/Surlyn resin composites, high velocity impact tests were
conducted at different impact velocities. XCT scanning was used to explore the internal damage image of the composites,
the damage mechanism and failure mode were comprehensively studied. The results show that the ballistic limit velocities of
full-width weft insertion knitted fabric/Surlyn resin composites are 365. 31 m/s, 339. 76 m/s, and 338. 29 m/s,
respectively. Moreover, for the composites reinforced by weft insertion fabrics, the front layers tend to be destroyed in
shear, while the back layers are more probably to fail in tension. Further, the specific damage modes of the composites are
affected by the impact velocities of the projectile. It shows that the full-width weft insertion knitted fabric reinforced
composites have tremendous application in the field of bulletproof.

Key words : full-width weft insertion knitted fabric, Surlyn resin, flexible bulletproof material, damage mechanism
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FHEERE SRR E BRI ERZ U S0 I8 05 121 aeued s ERISWLEHK LIS K
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SURTRESH AT RAF A R OIVERON B4, BESM T s Bk TS E 1,
BEVPESR , 45 A B b7 R R R Ok R R R g
SCH R A Ak S5 T BL) S B SR AA YD AR R Ay
SABERL, 4 AR A 10 2 2 R A bR, AR
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HHl (XCT) PG E S B NSRRI R 502 it Fig.1 Optical microscope image of braided yarn
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Tab.1 Braiding parameters of braided yarn

JEkE LR/
¥/ R TSR/ YA 1/
TS =) TAHEEESL 4T/ mm ME/ tex HA%/ mm ( mm/min)
PPTA-1 PA6 8 3.6 67.8 0.42 500

1.2.2 2faitsst R ot 544 2B RSN AF B e s 2, 1 2 21 3t
NGRS R R oI AT i st RE Rt i HEURAT L + 1 W DHA W A YL 5o E14
2 AT AT e AL VR B b A ELOR S ORIl B AT 2L, R 4S5 5 SR B
HEDRZS . R B vhifi i, W SR 2D BRSP4 18 IR 217 o 3 Bl xR4T 45 B 2L AR SC AR 2 800
WAIFFERCh I ShAE. SO RO T 3 R b A K2,

2 mm _2mm

= AF-I AF-II
(a) HLg5Hy (b) Yo R AEE %

2 2EHESHAYMTE
Fig.2 Schematic of full-width weft insertion knitted fabric
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Tab.2 Raw materials and specification parameters of the three full-width weft insertion knitted fabrics

P Huzb BB JERE/ mm T %/ (¢/m”)
AF-1 PPTA-1I 3 % PPTA-II 1.49 773.9
AF-11 2 % PPTA-II 3 % PPTA-II 2.13 1332.2

AB 2 % PPTA-]I AB 2.19 1093.0

1.2.3 FWE MR & SR HIEEE R0 T
RN & TZMREE A T2, B ime 45 4

AF-T AF-TI 1 AB L) 0°/90°#£17 IE A5 &, )2
LU 2 [0) AR AR L Fe A MUl 152 V0 MO g A, P
TR E G SRR & e IReT, 2 & A R v
At Gy A5 IZ G A RS % & o e, 23 BRI 47

JTBY TR, 385 By 5052 A ARk RS i 5T 8 B8
1E15% ~20% 2 8 Jg B 45 MUK R [ Y 3
T 5 M RHZ G W, i 24 AF=10/Surlyn | AF-6/
Surlyn Fil AB/Surlyn, ¥ 3 H)ZEMEZRE., KH
BEMBIIE T ZWE R 150 C HREE T H 4
MPa, ii# 3 min, f£ & 10 min, &5 M EHHESEL
L33,

HEfhar W e AR, S BUR & e e

AF-1

AF-TI

AB

AF-10/Surlyn AF-6/Surlyn

AB/Surlyn O i

B3 3MESHMBESREBERE

Fig.3 Schematic representation of the three kinds of composite laminates
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Tab.3 Parameters for the three kinds of composite lami-

nates
g WHE/ WisFE 45 R/
" (ke/m®) V80 % 490/ % mm
AF-10/Sutlyn ~ 9.727 17.04 82.96 11.3
AF-6/Surlyn ~ 9.329 17.82 82.18 1.1
AB/Surlyn 9.249 18.74 81.26 10.9
1.3 Mk 5RE
1.3.1 #sasyEaX K4 BHE NG RGERE,

wE
B [
: T

%ET& s

L N @ Ok

G
R AL
B4 BEAERS
Fig.4 High velocity impact test system
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AR ERAY il A T

TERE BRI AR E M, 5500 1 BR 33EE vg, 7T
PLR AT AT

2 2
Vs = AV =V o (1)

Ao, WHALASERIE (n/s) o, 3 AU A
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ALK B 3 B JL T 4 s RS R B, 9
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A B, AR () sm, AEUTR (k)
AR 85 A 22 53, AL B

R L L T T e——
N T
o, =55 (3)
m.

Xrp: S HHEMRE A (m®) sm, AHOAUT 5 (kg) o
1.3.2 XCT #7242 i sp s, 4 5
P A ) 2 G AR T XCT W2 494, UL R [
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11 mm, RIS AAOBHZ G B A 3228450 05 X 3. il it
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Tab.4 Experimental data of high velocity impact test

_— Hom T L NG A M A FE U LI RE
- p/ (kg/m’) v/ (m/s) v,/(m/s) E/] e,/(J - m*/kg)
A, 9.733 311.3 0 100.78
A, 9.730 361.9 0 136.21
A, 9.724 366.4 12.5 139.46 14.34
AF-10/Surlyn
A, 9.727 380. 1 95.8 140.71 14.47
A, 9.729 408. 1 167.9 143.89 14.79
Ag 9.726 518.1 383.2 126.45 13.00
B, 9.329 313.0 0 101.89
B, 9.334 354.9 113.9 117.50 12.59
B, 9.326 368.4 133.4 122. 64 13.15
AF-6/Surlyn
B, 9.330 379.2 191.5 111.41 11.94
B; 9.327 407.5 246.6 109. 45 11.74
B 9.331 492.1 367.7 111.24 11.92
C, 9.244 315.3 0 103.39
G, 9.246 344.6 97.0 113.71 12.30
C, 9.231 358.5 107.2 121.71 13.16
AB/Surlyn
C, 9.249 366.0 131.5 121.33 13.12
Cs 9.233 413.5 256.2 109. 56 11.86
Ce 9.249 533.0 439.5 94.57 10.22
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Fig.5 Ballistic curves of composite laminates
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Fig.6 Appearance of impact damage at the front side

of composite laminates
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Fig.7 Appearance of impact damage at the back side of

composite laminate
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Fig.8 XCT scan images of composite laminates
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