$528, 9T T B o ok N Vol.52, No.7

78 2024 47 A ENGINEERING PLASTICS APPLICATION Jul. 2024

doi:10.3969/j.issn.1001-3539.2024.07.012

S LT PE-UHMW BERT R B8 B9 3201

BAER, S5 38, i, B R

(ZEF Rl 2% TRENFSEBE, et 100010)

o

B S o 3G R A AR S A A 0 KR T By B R A0 BUR BB AT 3 R A K B B e B e S e 4
M AE LT P EE S BN E LD B, 255 F B T PE-UHMW) A4 & 5L, A 8h
T B G e E K, PE-UHMW 447 4 4 PE-UHMW BEATAH 64 5/ 2R, , A JR AT FH1A 7k 64 35 vfn 22 52 B 3 &0
Mat . AIRA R R A0S ST AT A A8 69 v, SR IRl R ) A48 B4 A ) B e AT AT R B AR ) S AR
Folbr BEMEAEAT 50 . X5 AT X I, PE-UHMW M HHE o F 2 45 5 B &) B S A 0 R B A & R AR 3] 09 B4
A H FRRA T E S S E R R Bk A T A 2L £ A L RS R AR SNBSS TE
£ 3] 5658 000 g/mol, vy 34 &9 LA AL A B At S04 A ket , T w5k B 102.12 MPa, % th #4245 4 23.30
GPa, 3] ¥15% £ 1 8.60 MPa, 218 JZ JE 4] 449 8 kg/m” & 58 L Fe B F B A& T8 1.1 g A7 /BAE DAk i VSOLAH] T
804.50 m/s,51 X, 7.62 mm FALFE5E A E SR 5 A 1320 mm, ERAERA ST T E—SGHELT, b & emMisi
PE-UHMW £ ) &-#5 PE-UHMW [t At H-E 7y 5 Fe b5 50 b A0 75 & A R AR 4, L R AR5 4P ARG R R % 77

KR BB T RO AV BEATH MEAL ; b7 3%

RESHES: TQ325  XEFRIAF: A XEHS:1001-3539(2024)07-0078-09

SN

=
Y
m

&

Effect of drafting ratio on the properties of PE-UHMW film material
QIAN Jiawei, LI Weiping, LONG Zhizhou, MA Tian
(Systems Engineering Institute, Academy of Military Science of PLA,Beijing 100010, China)

Abstract : The development of high-performance fiber-reinforced resin-based composites promotes the development of bullet-
proof equipment. Facing with the increasing threat of high-energy killing weapons and the increasing load of individual soldiers, the
demand for high protection and light weight of protective equipment is increasingly urgent. The appearance of ultra-high molecular
weight polyethylene (PE-UHMW) film material is helpful to realize the demand of light weight and high protection. As the smallest
component of PE-UHMW film material, the influence of PE-UHMW tape on the performance of film material is related to the
performance of bulletproof equipment. Membrane materials prepared from strips with different draft ratios were selected to study
their physical and chemical properties, mechanical properties and bulletproof properties. The test and analysis show that the mechan-
ical properties of the laminated composites are different due to the different physical and chemical properties of the film materials,
such as molecular weight, crystallinity and orientation, and then the bulletproof properties show different characteristics under differ-
ent impact conditions. The molecular weight of the membrane material prepared by high-magnification drafting strip reaches 5 658
000 g/mol, and the composite material prepared from it has more excellent mechanical properties, with the bending strength of
102.12 MPa, the bending modulus of 23.30 GPa and the shear strength of 8.60 MPa. The V50 value of the 8 kg/m’ area density
target plate against 1.1 g standard simulated fragments reaches 804.50 m/s at room temperature, and the bullet impact point height of
the 51-type 7.62 mm pistol bullet is 13.20 mm. Under the condition that the resin system is consistent with the processing technolo-
gy, The mechanical properties and bulletproof properties of the PE-UHMW film material prepared by PE-UHMW tape with high
draft ratio has obvious advantages,and has potential application in the field of individual protection.

Keywords : ultra-high molecular weight polyethylene ; drafting ratio ; film material ; property ; bullet-proof

BIEEE: SR, B TR, /1, FEATOT P bR 4

WeFs B HA - 2024-06-01

B A ERAEM 2, eI, 25 A SO0 PE-UHMW A4 RMEREAYSE R[], TSR, 2024, 52(7): 78-86.
QIAN lJiawei, LI Weiping, LONG Zhizhou, et al. Effect of drafting ratio on the properties of PE-UHMW film material[J]. Engineering Plas-
tics Application, 2024, 52(7):78-86.



ERAENS , %5 . A5 EO0 PE-UHMW B4R R 5 79

1R BE A 17 28 7 10 DR i A B HE AT 7 T (1Y)
B, AR X TR s m B A R AL R H
tRi Y] o AH HCF SRR T ke A 4 TR AR,
1R PR BB AT AR S i L 52 A M Rk A2 2 3HLEE p b B
REWE T AL BN RESFE AL M FEAR B RED 7, ARG A J A
e [ 5Lk B S BT AR DR I BT 1 R 1 R
Tho VASFARE IR R S e fe IR 4R 6 R s
L bn ik 2 DAB 33k 28 AR AN AR Bl 4P B 25 HE A
TR R EIBE . X35 48 B S R ELAT i o 1)
B3 /ISR AR ) (BB B PR VS0 (B (5E 4 B %
R 50% AP~ 28 5 1 8RR ) B AR R, T X5 05
LR I ASE = RS AR DT 40 T 27 4, B
PETHB A PR RES Y, Al FE L AR A5 114 A4
Tt 2D AR AT H R HE) T 12 e 2 e ik
FOMERS . o T 1 5 £ 05 (PE-UHMW) £F 4 A 1
B A 7 B 40 S AR AL T B M R R 52, LR TR
5 R 4 AR SR o T R LR 3l A B S
BN AT REY Y AR [ A AR B T, O 48 Sk %
FLATHE S VS0 A, (EA7 A s 1M1 B R ) ), 25
BLY I g B, B T B IS R T i, 25 AR
TR, [A] 25 B0l wh s I X S 8 g ]
(125 o Y/ i v =315 #7712 R

PE-UHMW A4} i 285 [ 2 55 1 L A4
il 75 1) PE-UHMW 541 N e /NG, 2810 94T
PLAEHES 2 RIE S 2 4 . L2 R 454 5 PE-
UHMW JG £ (UD) A AHARL , 1H 25l J2 B 0T 1) 22 Sl
PE-UHMW JER et 1 21 4 0] (%) (8] B ARk 1
BRI, ] st e B B 1) ) 45 4 , A B R EL DS 40 k)
5 PE-UHMW ZF 4 i Pt 550", 4571 19 1% 68 J& PE-
UHMW S G AR REIL S ) F BN R Z —
A& PE-UHMW il 45 P EZE T 250 RAA
[7i) 22 3% 50 A5 9 457 J2 75 23 X PE-UHMW JEE 4
B FEACRRE | 2= e = AR s, 1 )
() 7 471 2 £ A AERZ R, 5 5C PE-UHMW A BHEA™
RBP4 ) ELAAGE H

BRI , 4 01 R AR 2 A R v s 2 A R A 1)
SOH R R ) 4515 3] PE-UHMW JEATRL , R AF 437
[ RSERA R  BRAL R AN ) 24 PR B, 1 T 2 XA [R]
FEEAA R 2 ) AR A 7 ik I, 43 B 22 A A B0k
By S RE Y52 0
1 SKIEBSY
1.1 E=ZRM#

PE-UHMW i A : H IG5 /(100 1~180: 1) 5

WA, RIGERARIR R | 0°/90°1E A4 & 1 4UD
ZEH |, THT25 BE (1005) g/m?, 5 9H rf g b5 37 64k HA B
N

PE-UHMW Ji5 B : 1 i 354 (250 : 1~400: 1) 5%
Bl RIGIEM BEIA R, 0°/90°1E A4 & 1) 4UD
SERE T B (100+5) g/m?, K3 v 3 B 47 b4 A TR
Nl
1.2 EBMNEREE

T R R GE AL GN 020, bR SN ES T AT
PR F

X S LRATTHEIE (XRD){X : D8 Advance, £ [ 7
S /AE

INFE X BRI : Xeuss 2.0, 15 [ 815 3 2y
Al

ZER AT (DSCH L : DSC Q2000, K[+
TA /N F

T3 HER BESZEG AL . INSTRON 5567, 35 [ B 4
BHNFD

o2 BT . BXS3M, H A AR bk 24t

4 B T B 3085 (SEM) : SU8100, H A4 H ~7 #k
Kostto
1.3 miX5 & AE

(D)HAERR M

3T S IR ISO 1628-3:2010, ASTM D4020—
2018, HL 5 mg #E 7 T 22.5 mL + A 2S5 L 78
135 °CHa /K I A H AR R 0.46 mm FRG FE TiE
AriE , Her 431 M=53 7001,

4E R S B TY/T 0587-2020, K i Cu #! Ko
ST HLHE 40 KV, LT 40 mA , F937E Bl 10°~90°, 3
3 6°/min, /3BT A JEE (B R Fh b R} 4 45 L 25
.

BT B ok Cu L, DI 30 W, KK oy
1.541 89, ¥l #% 4 Pilatu 3R 300K , BAME AR/ Ky
172 wm, i@ & R AP AT S R4S, 0B A B
I R o A Ak 18 BB 1) 2

LR K PR B AR BTRE , BRI 5~10 mg (R
w05k U EE S Rl 50~250 °C, TR EE R 10 °C/
min, B, T 50 mL/min, SRR RE AT R
RESTHT

() J12FPEREMN

R fE . 2 B GB/T 1447-2005 , T flikE 45 K
<} 250 mm*25 mm, J2 B8] 150 mm, FU0 5K 77



80 AR

2024 4E 55 52 4 55 7 W

2 N, BifdE 4 25 mm/min,

SR B R A AR IG5 1 B L B A R A B
ER R AN ZENIE R EES, S GB/IT
2791-1995, B AL 25 R 2 200 mm*25 mm, T ]
BN 50 mm, SRR PRI A 50 mm, Iz oy
100 mm/min , 32 K2 K 150 mm, P38 B2 HoRf
FERI R TR .

25 1 9 3 . 2 B8 GB/T 1449-2005, 25 i FE 4 R
51 80 mmx 10 mmx4 mm, % ] = 5023 A =, 15
B L=64 mm, N3 & 4 2 mm/min.

5 ) 58 B . 2 B GB/T 30969-2014, GB/T
28889—2012, B #F 45 ] ~) /7 25 mmx9 mmx4 mm,
SRR = s A RS, S 16 mm, fing8ad
> 1 mm/min.

SRR AR RST O 12 mmx12 mmx4
mm, >R FH 8 4 AR AT, MR 7E 20,40, 70 °CAE 34>
TREE S5 F R 1500,2 500,3 500 s 45 34N AR R 4%
PR RS T 2Ema N .

() BB PEREMH .

I SHAE B VSO (BN R 4, )2 R TE A Y
AT %5 M 7.0, 8.0 kg/m® 1] 400 mmx*400 mm 1E J5 &
IR, SR 1.1 g bR S hy (445+
10) m/s 1) 513X 7.62 mm FARFLETE) , W 5E H i
Yk S AT PO AR P LT B B VSO (RN 3L 25 U
JE A L RE RO (SEAYH . DL AC-7,BG-8 R,
A3 R FRAE T RS NI A BRI B 7.0 kg/
m’ BRI 7 R R AR AR IR Y B T %% % K 8.0
kg/m’ FRHIEAR
2 FERE5FR
2.1 FALAEME
211 »TE

PE-UHMW B M B} 1) 731 UL 3% 1, PRl B AA
R EARE T M, 555 T 5 488 000 g/
mol 15 658 000 g/mol, X} Hb [ Ff i fig 14 2 | [] Ffr 4
¥4 B 3R 20 o4 (PE-UD) A 431 AT UL, FECRE ) )
SRR TR R B D 3O R 4501 T80
R I 5 B AR B AR BT e 1 . PE-UHMW #4
BMERZE BRI T, 0 TR & S T8k

£1 PE-UHMW BE##IHFE
Tab.1 Molecular weight of the PE-UHMW film materials

10* g/mol
Type A film B film PE-UD
M 548.8 565.8 407.6

AR B IA) 945 05 08 22, AR TR I 7 2 A B
L, MBS R T R A B[R, Pk sk
BT BH o FRE R, T B e B8 B
Gy, R R K AR .
212 #RE

XRD 5% E WE 1R, PR EER L 245 S 4 1
AR, AT 5T A B e AR —F, Y 7E 21.4°H1 23.9°0F 43
SLELAT (110) 47 I A1 (200) 47 THT , 245 i 2R 20 1) B
FROE o AR 22 30 8 2T T 53 W R SR 6L 1) 45 ot 5 T
T AR 85.2%, B I A 81.6%, 4% i & S fdi 15
Loy SRR SRR VA Y A (EN i = A iR S (A E G
PrhAASTE ()RR T, X 2 R A BRI T o355
I AEHAT LRI, W BB 5 W

800 000 -

700 000 - A film
600 000+
é 500 000+
8 400 000} 1l B film
300 000+ J
200 000+
100 000 -
01 3 30 25 30

20/(°)
K1 PE-UHMW f5f1 %} XRD &l
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N/mm
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Fig. 8 Flexural stress-strain curves of PE-UHMW film materials
%3 PE-UHMW RISV
Tab.3 Shear strength of PE-UHMW film materials
MPa

Sample Sample Sample Sample Sample Average
1 2 3 4 5 value

Afilm 5.10 7.47 7.74 6.12 5.83 6.45 1.00
Bfilm 9.24 8.38 8.87 8.31 8.18 8.60 0.16

225 AN FHRE

PE-UHMW i1 B17E 20, 40, 70 °C4F =N
23500 s AR R ZEAE T AR -0 AR jh £k 43 )
9 FIE 10 7. PE-UHMW M RHE R 45 S g rh
M 7 3R, A7) 3 I s 7 g o A R s B S L
TR A TR, BB R R AR, Wi
WAARMEAS IR A FE 40 1 3 -R AR RAAE 2B, i
ST RS TR, TR IR AN R AR & i, i
Pl 466 T AR 0% AL, 5 850% 4508 B 7E i I
J5 FFK T 5 BT PE-UHMW A 7E 70 °CLL |, #4
AFREPE AR A BN, YR K i, MR E R R
SRR, BO% B R RN TC T 2 PR T LR | S R
S RELL H B A R BHR
2.3 BriBrEsk
2.3.1 V5018 fe SEA &

ANFEFEMRAE 252 1.1 g b HER AR 1y st o 445
SULFE 4, 4T, BRI A i AR AE A 1] 03K

Type Variance

1600,
15005

14001 25005

1200f — 35005

10001
800+

600+ /
400
2001

Stress/MPa

0 01 02 03 04 05
Strain/%
(2) 20 °C

1600,
15005

1400¢ 25005

1200F — 35005

1000 R
800
600 +
400 +
200 +

Stress/MPa

0.1 0.2 0.3 0.4 0.5
Strain/%
(b) 40 °C

1600 -
Laopl — 15005

2500
1200F  — 35005

1000 -
800 -
600 L
400 |-
200 +

Stress/MPa

01 02 03 04 05
Strain/%
(c) 70 °C
1600 -
1400f —20°C
—40°C
1200F 7000
1000 -
800 -
600 -
400 -

200 -

Stress/MPa

01 02 03 04 05
Strain/%
(d) 3500 5!

19 AJBEREAREANIR]RURE KW A8 5 ) 4510 F3- A i 2%
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temperatures and strain rates
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