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Preparation of Unsaturated Polyurethane Film and Its Application in Bulletproof Transparent Structural Materials

Ma Kaibao, Wang Xiaoli, Gao Shouzhen, Li Dayong, Yu Guang, Luo Changhong, Xu Xiaoyuan, Huang Zhenqiang
(Shandong Institute of Non-metallic-Materials, Jinan 25003 1,-China)

Abstract : Unsaturated polyurethane resin was synthesized by using isophorone diisocyanate (IPDI), polyether glycol and hy-
droxypropyl acrylate (HPA), active diluent and photosensitizer benzoin ethyl ether were added to the unsaturated polyurethane resin
to obtain a glue solution, and the glue solution was cured by light to obtain a film. The influences of HPA and active diluent addition
on the tensile strength and elongation at break of the film were analyzed. It is concluded that the comprehensive mechanical proper-
ties of the film are good when the mass fraction of HPA is 9% and the active diluent is 56% in the glue solution. UV irradiation aging
test of 1 008 h was performed on the film, the result shows that the tensile strength retention rate is 70% and the elongation at break
retention rate is 78%. The glue solution of optimum formula was poured between transparent ceramics, inorganic glass and organic
glass, and then cured by light to form a bulletproof transparent structural material. Sunshine exposure test of 60 day was carried out
on the bulletproof transparent structure material, and the light transmission retention rate is measured to be 98.6%. A 7.62 mm bullet
shooting test was carried out. It is measured that the projectile does not penetrate the bulletproof transparent structure material, and
no splashes are generated on the backplane.

Keywords : unsaturated polyurethane resin ; reactive diluent ; light curing ; bulletproof transparent structural material

WEE B R L Rpt oo R J , D S B I B 9 2 i i )2 RN B AR T SR OO A i e ), B
SRBORBGS , R4 R IA R N Bk iz, B A s S AN AR A= kiR
ke AR A I B e 2R e LG o 2% 75 i 4 3 38 B SR B A T A AR R PR T2, TR R
B HRATHR o B AR A Y AR T B, B W E R S ARG IRER (PC) A, PR E A
SR — PR T AR AR A SRR AR I R 2 2 mm A B SRR RHIT SRR 01 25, R REBT 2 L
22 i R R A T ,\ﬁﬁ'ﬁ’%ﬁﬁmﬂﬁﬁﬁﬁﬁﬁﬂf‘ﬂﬁ ity o J5 R ABEER O EARAPRE, TR I LAR 2
TR 52 vh i SR RO M — R e il BE L, AR TIE MEEAE T (PVB) ARIZMZ IR EEA G, SCR ]

TN o A 1 )] S W S 1| S 1 BT B | B ol = e £ S N
Yrfm HHA: 2021-06-08
Sl AR BIFE, ey, m5FER, 45 L ANURIER 2R B R il 28 B fe B st B A5 A d Rt g i (9], TR 8RN 1, 2021,49(8) : 129-134.

Ma Kaibao, Wang Xiaoli, Gao Shouzhen, et al. Preparation of unsaturated polyurethane film and its application in bulletproof transparent

structural materials[J]. Engineering Plastics Application,2021,49(8) : 129-134.


杨超


130 TR R

2021 4F 55 49 4,55 8 #i

PVB  RE MG . PC B HE Z )2 R Mk 1 i
RE AR AR T BB A — o R T AR, B
BT 2R 0%, Bt E R R P, 5 — o
BT KR SO D T2 SR e
AN NI BRI sl P E A TR TR , L H T aX 2e
BHEAEAR B RE 25 1B C AR A B b AN R 2 i
HH B SR B K

SR 57 UK R — S 5URR iR (IPDI) SR ik —
JUEE NS ERFRN TG (HPA) A B T — g 8 A A iy
FIREBERIAG , IMUATE A B DCRGR 4 8 7 £ ik
B il B T, A YRk T 200 e 5 B BB % JeAL
P ANIBOEE A 2GR AR B g B 45 R 14
BE (CRIFRE SRR ) o AEX TR GE I SR 2 R,
2 3 1 A8 A AN R R 2 P A v P i e
R IRG 45 ) R Jy 2 e RE . R RITE T RO
(14) VR RN 2R 2 R 5 T AR A A i S, o1 2k
RURE  RAE W NARE L A AR /D, A — i i
5 BARGE T ABARE T AN R SR R e A, RS
F AR AR TR TP AR A o AN T AR R M vk 14k
3T R PIREERE 43 T L £ | Tl J1 27 PERe
U0 AN R ZR S0 e VR T e e T R
YRR ARG 1 S R AR A EER IR &
RCHINA HPA, FIJFH HPA H i—OH % TSR 4 h—
NCO gk A7 oo v, LABR S I IR F1 24 PR RE , X
B 1 P IR SRR 1 7

R 1) T 2 M BB AE — R B L S T B A
PR R 125 PERE , 28 3 G o 1S HPA I PR B
TR FH S XT JE Sy v B DB A SR AR R Y 52 T
PRI T I B SRe E I T, O 5 — o SRR 2 119 3 ) R
TRAR P %  TCHLBE 3 A A VLB R & OGRS
il L B R AT vh R RR A S O T T AR
LS E R NEy SRSy O v BB BN E B Y A s
A1 7.62 mm 52 5 10 E T AR A Bt
ZALE7IRU L i s 8
1 SKIGEBSY
1.1 EZRAH

F Ml —ITHE: N220, Z085 4350 2000, Tk
—%%, LigEBE TR AR A

IPDI : Tl —%% , fEEFEHA ]

THRER T I (AN ).2,6- BT XS
Ll feeal, B2 A BR A R

HPA : Tl —2¢, M R TABR A

T PERRRER 3 W SO M 2 P R L R R TN TR

FERoR R — TR, —# Biit Lk 100 = 43 : 20,
H il ;

LRFE Ok OCHGR)) - fh2zal, B b2EaR)
HBRAF]

SE A NI . BER = 92%, 8 5 mm ,
T[T B) T 1 0 2 R FR A ]

fo 5 G AL BY B AR 3B G R = 92%, JR
10 mm, ¥ PV LB B AR A AT PR A 5

RAM P EM : BERE = 86%, - 6 mm,
BN ST B A BR A R 5

2T Ab FHRR) ;BT E 3 ER 15% B Ak e 4 15K )
KHS550 R, F il ;

201 FE3ERESH : Tolk—4¢, it s B eIRH A
PR T

BRI F JREAE 2.0 mm, 2T R A& (
) A RA

BB 25 H100 L0 A E A MBI BRA R
1.2, ZBNERLE

B AR R IR I A+ 4% . DF-101S #Y, K
A AR A BR AT

=B BIA% 5000 mL, b A PR
NGIE

HAS IR 2X-70 B, o8 DU 7 S R A A BR A
)

-e

T TR AN SR AT - 450W AU, |37 I HE B A PR
NCIF

BEOCRZE M EAL: WGT-S A, I AL
A RA T

FL -7 7R B0 #L : INSTRON5969 U | 26 [ 9 il
REA T

H PG KT R A - S1-4 B, b YR ST A B A 36
FBRAF

A AR R D L H

N TINS5 : KWUV3 B 7R
Bl & A R A

BRIG A B EE . LX-A B, 7TLH T R &5 AL
s
1.3 RAaFe Rt 2B RS A PR A ) &

(1) AHFIR B NG5

55— IPDI 5 Bk — JCEE N220 2 W/, 4> T
FELR TR, A TR, FEW i —NCO S 3 ,
TR 5| ATl (o b , (A5 AN 1 0 23R S AR iR
HA W), 1PDI 5 Rt — oo N220 Jz b =


杨超


LIPS A AR BRI B ] £ L AE R g WIS AR D T 131

A+ (n+1) OCN—R—NCO (IPDI) + n HO—R'—OH
(N220) — OCN—(RNHCOOR'OCONH),R—NCO
(OCN~NCO),

S0 MERYITEANIG ML TS HPA N, R
Bij 1 HPA Hr AR AT A A2 FHER T INA 2.6- —L
TEXSH R, A M AR B AR, BUERYS HPA
K : OCN~NCO+2CH,=—CHCOOCH,CH(CH;)
OH (HPA) — CH,—CHCOOCH,CH(CH,)OCONH
~NHOCOCH(CH,)CH,0COCH==CH,.

AL 4 100 6y (BT, T IA) ) ik
JOEE N220 A A FLAS 380 — FUReifi i s
110°C, J3 shELA5 2, FEARNT 45 i —0.09 ~—0.1 MPa
TK 2 h, B Z 90 ~ 100°C, JILA 20 5 IPDI ., 7b>
WAL, )V 3 he FTA 0.015 719 2.6- 8T
X R S — 22 4 HPA, 4622 3 h GRS
40°C LA PSR R ZER A -

(2) AMEFNER AR AT

TR R SR IR i 43 1 K, MO RS
FHBER B, T Z TR B AN AR
e B 1 T I A — 2 %) T T A5 R S S 4
20 min, RJ5 7 TR A WOGIZS 28 o A 47

(3) AR IR TR P B 5 o

SR T BT 3 v P 3 B AR RS L G 1T
U 201 I JERETHAE A ARSI 52,00 mm JEERE R R A
Jr 30, W B G R A R R SR 2 i S R B A BB L v
[i) = 1198, VR 5 % B AR B, BT 450 W
ANEIRIT T 77 30 em 4k, SEHRE AL 25 min, M58
AMKT, F s S MR JIARA S B AN T R 2R S T s e
1.4 &AL MM A &

(1) MRIATEBE S AL R

W Ve e M TCAIL B 38 A A WL B AR Tl R
SFo4 400 mm x 400 mm A9 MR B4, H: e figs T T A
THVE 3 38, Byt T, P 2 1 A B 34 A A e i T
HUE 10 min 77,

(2) MR .

W A ST ) W i TCHLBBE I M M A LB B A
e ST 200 2 mm JRE 3R SR B 2%, HES Y
J B — THLBERE — A LB, B = 2 (8 ] T e
WEW . W2 Z ) A K 50 mm A T,
LI TR I

(3) T

BT (AR AL BT 0 ) L, 5K ) A
70° ZEAT IS, B AR DR IENL B AL I T D B RE LR

TS, VEG W oy 1k, WS 8 T W Ry 159 20385 W1 1)
M, AT AR TG BB kbl D% E .
FRAE N AE P T IRA R AT, bt St LT

(4) [k,

BRI RE B T 450 W AN RAT R O
30 cm &b, GHREML 60 min, 1530535 45 KRR}
1.5 X7k

() BN T iR

B R B I8 Xof 25 b e W W R R, SR K Oy
340 nm AR S AP REETT N T 2 Ak . 3
55 iR 2 A AT A5, A R RE SR A R B,
kT8, AT 5 R B B LR 2R REAE 10 em. iX
U 4 M. HE IR (0.8 +£0.2) W/ (m’ - nm). I &
(50 £3) °C, Jf £ 0,168,336,504,672,840,1 008 h
A IR SR P | W A o=

(2) BILE MR A AR 2R .

V175 2540 b1 B R B T S M T I
30 'm A A7 BHOGRA ST A, UEAT BH GBI , B a] p
VEFRAE 6,7 H 13 LR 60 d,BER 10 d BUHRE,
XHRFEH AT CAMA
1.6 &L 5 Rt R X e

KA 7.62 mm I ARFIIEAS HEA T 5 G i
B S5 R AR TR 5 b, AR (G RTE ) S AR
ARERBE R, 5 AR R 0] A ML IS A, e 28 3%
1, St ik, B s e p (i 3 & F 3 A S 5 100 mm
N = FILHED, SR I B S R I T4 R

F1 BPREHHRSEHRRSH

% M BOH
M 4% /mm 7.62
FALTE /¢ 7.80 ~ 7.90
WIFHE /(m-s™) 710 ~ 730
SR /B 0
SEHEES /m 15
S RE 3
FHofs e / mm 100

1.7 HEgEm
B ZHE GB /T 2410-2008 MK ;
By ik EFE GB 178402008 i ;
P Ao B | W 2K R 4% GB /T 2567-2008 il
iR, MERHE AR 20 mm / min ;
ARG A i EEF GB /T 531-1992 it
2 GFR5iTE
2.1 ®EAH TE R =5k B AL B 1) Fe i B SR L
)% v
G R ORI R, AR E R TR


杨超


132 TR R

2021 4F 55 49 %, 55 8 #i

A, [ RS R IR P R AN AT R R A
FE ARG o 22 B 7 CBEINA S R, Ay RO
Ik, Ty H 5 1Al i e P IR 5 Hh B AR
BT CBEMA RS, AL T, S BE A,
JEROME LA S8 22 A, B REZE . RO IR P 22 B
T IR BT 0 20, R TR I P B R, 0
G A BERE, ARG A B RE IR 3 62 B0 I 58 4 [
A, T SR I ) ] A P ] B JBE RSN, DL 20 i 3R
2 1, W22 A TR A R0, JS R 11 A 1] 22
AL AR RN IIZ T AR 75 , 545 [ A TR A T
WL, 2 7 LR HON 0.1% W fefE: .
®2 REBFZEBASS5EL BRI X R

G RB LB /% AR / min JEZHE AN

0.06 50 FADGH TR
0.08 35 FRADGH TR
0.10 25 PG TR
0.12 20 FEMA R
0.14 13 FfiAg A
0.16 8 KA 4

0.18 5 R LW

2.2 HPA AExTIIE N PR m

HPA 43F H1 5 A3 AN FDR R Ak, 72 0k 5 7
R i SRR AR RN, TR P4y e , o 1 &
TN, A AN TR RN SR AR o RS T A TR AR
SRR, PO AS T R 2R S R i e L SRR S A
TR A PE R, G i B | e e A s g
W (AR DS A Ehcr R HPA. A FH XA RN
5 R I R 3 2 R 118 5% i 17 0 75 L AT 40 B F
58, 152 HPA J (SR | o 8) 5
R 2R e R th 4. tIEL 1 a0, HPA Fii
% (BEi o3k <9%) B, [ 2 0 FLAE SR A, SCHK %
FEARR, 2 R A T FDSUEE R /b o e B2 I, 4 O T
Ry oK, RS B £ R b,
R & . HPA F A & (B 4040 >9%) B, [ B
22 R AR SEHK , 43 K, e B r Ao e 1 K, ek
FEBL O RN, R R, R pItE . G %
JE I HEEH B R B4 , e B HPA JlT i 050k 9%,

16 1260
15¢ —
~ — 1240

g 14+ X
= 13+ 1220 >
o 127 %
N Lo
= 11 200 &
Z 9! &
= 1180 &5

9,

87 L L L L L 1 S 160

4 6 8§ 10 12 14 16 18

HPAJREAEL / %
1 HPA Fit 5 M= rERe i e Rtk

2.3 EHAREA R E A F A YA

P R0 o 5 25 AN R ) B A A e
Je /D ISR AR TR ST, TR 2 R B P I A
R i - RS R S~ e e AR th 2. thiEd 2 m]
VAT H, W6 0 A1 8 ) P Py 8o, S 7 i e
FEBS I, W B AR BRI . 254575 JER I B 8 B
FEHE , LA 1550 JEE R S AR PR REAZ AL i 2k
(8958 IR IO B8 PR RS P, RV IR 300 1 A
FR B S5 B 56%. 1% A R TR RE 8 [ AR A 1
R AR NERERE , [FI7E 22 B A CBEET R 5 A
PRI AN SR AR g i AR SR BN, B vey 1 IR 4 ) o
PEBE. TR RSN BAT 5 AT A SR 2 v i
AR AE AT B A R . R P AR A 22
I P T 25 2 DK, AN R R T RS i B T A 7
2 FUR AR ROV 2 T SRR HE IR B
IO, A5 375 M 8 g AN A 0 SR R R s e A STk
SR LA G Mo F- /N, AP SRS
IERT YRS OB ERE R

181 2250
VNG e {240
s L 1230
= 16r 1220 o
15 1210 &
# 1200 5
= 14 &
& 1190 =&
13y 1180
12 170

30 40 50 60 70 80
TEVERG R BT 4351/ %
&2 WEPERR & S RN ) A P Re e &R ik

2.4 EIMERRTIRIE A F AR e

L R, U T HPA it i o 8O
9%, 1 VERR B 1 41 BCK 56% , 2 DA LTk o
SR 0.1% MisdERC T

3 A T IR SR BT | 7 2
HigR R py e 2 iMhZe. B3 v LUE H, A
ZALPI 168 h i fiom B K W 240K R — 8
(R4 e, PSR B T T 8.0%, Wi 24 K R T

16; 1230
sl N 1220
£ 14l 1210 X
5:: 1200 5
2 |0
g 1180 3
g1y 1170 =
107 1160
9 150

0 200 400 600 800 1000
RRSFHE] / h
B3 HERLAGR I | Wi R 5 s AR (] 1) O 2R il 26


杨超


LIPS A AR BRI ] £ AR g WIS AR D T 133

8.2%, W J5 B T Kk, S B ST s e AR S
0 HINEE A 0D SRR 7 e 58 P — S B R R R
S AR R SRR AT AR ol i R B AR Ak 2 R 1T i
[ Ak S, DA T B8 o 17 B P o v e 3 5 2 i 4
B SRR A T 58 M R 2 R R o0 T4 1)
T, e B i A 2 A ik, Al e R F) o A 32 AR 5
R T X AP HLER A SE AR 3 e
J 1) 7 2P R B R [R] AR 4k H 3RS TH s 5 B i 21
G Zeid 1008 h (158 SR RS, e 4 fif o J3E
S} 9.5 MPa, {45 5K K 70%, Wi 24 KK Ry 160%,
TRFFRN 78% , HAT BATF (4T 58 S E R B, Wil 2 fiff
FHELR
2.5 FEWHE MRS AT

R e WSS e A Ty il A5 1 3 B S R i sk, F2
N I Ed R R ERT o g SNN IS RS ow 24 E 219
S

(1) H G A SR AT 15 B 454 M LB 6 R 1 52
]S

Xif 175 W 5 A A REUEA T H 6 A 2k 24k, A5 T a]
5@ 6R R ML, K 4 B, fIE 4 Al bt
& H RIS ] 3K i B 25 A MR B DR 2 TR
A R FRIE RN, 2630 60 d ZUH BRI, 250
FEAIR 1.4%, 38 0RO R 98.6% % W45 14 14 kL
WA BT ANz BRI ARkt
Bt

85.0

I\.
84.8 -

2 8461
W 844f
% 842}

840}

e/

Il
0 10 20 30 40 50 60

83.8 - -
iflE] / d
4 HIEE SRR AL ] B ILHbRE R 1 56 R 2
(2) 7.62 mm H 55U o5 X675 BH 45 R4 B4 R g b
REAYHEIN
7.62 mm AR L TF R I 5 7 B 25 A A R T AR
WA UL 5. miE 5a &, B AR R
M i) = A X IR BG4 3 4R B W Z5 R bR A B
P g, 3 BT P A EIE K 11 ~ 12 mm BRAY 5
T, Uh B 7 B S5 R R REELAT B i ) W B ASCR AT 1)
Bk fig; B & Sb A AR A LB o sk, TG
KW, 6T I WSS R AR A AR B B PR
FHEH

a—IHIHL; b— R
P 5 A s 5 2 WSS R A Rk B IR A
3 it
(1) % IPDI, R i —JC B A HPA il 753 AT Al

RABMNG, K5 I AGE PR BSH OEBoR % 8 & 2

ik A ANTRL AN SR 2 R VR, 8 G A T AP

R IBEESAPRHESR, i 4 T 21 5 B 85t

(2) M HPA S 53500 9% TG PR FE5HI o
N 56% . 2B A LBEFUR 7 ECR 0.1% I, A
T AN SRR 25 6 Ty “F P RE R U

(3) R FHA B A0 SR 1 J I ol #0255 4
FHRA B IR e (#) ALy Py by
REFTRRAFIL A

& % 3 ok

(1] BRALRE, SRR, T . w0 T2 SRR I BP0
55N FHIERE (7). #PRFT AR, 2020, 48(8):25-32.

Wei Huazhen, Zhong Weihua, Yu Guang. Research and application
progress of polymer composites in armor protection[J]. Journal of
Materials Engineering,2020,48(8):25-32.

[2]  ZEVOH A B . AT iR IR A A ARHE A AR P bt R
[7]. 5 A B4, 2020, 34(2):57-64.

Li Wenwei, Mei Jie, Huang Wei. Impulsive resistance of the CFRP /
epoxy laminate[J]. Chinese Journal of High Pressure Physics, 2020,
34(2):57-64.

B] FiFe, RUTHE, 55 PR / 2 4 S G BRLZ R 2 45 4 %
e BT 1R 490 1 BE 19 52 W) (9], B4 ORHS: 42,2020, 34(18):18 183~
18187.

Qin Rongman, Zhu Bo, Qiao Kun, et al. Effect of hybrid structure
of ceramic / fiber composite material on penetration resistance of
armor plate[J]. Materials Review,2020,34(18):18 183-18 187.

(4] MEdh, PR, T A R SENIRIR G / SREERINE BN A &
Bk S PERE (). SRR, 2020, 48(8):1-5.

Mei Jing, Yuan Xingiang, Wang Dan, et al. Preparation and
properties of polymethyl methacrylate / polyphosphate transparent
composites[J]. Plastics Science and Technology,2020,48(8):1-5.

[5] M, B, SRR AT L B / SRR A U R K Y
MR Z (1], =88R 5 TR, 2020,43(5):128-136.

Dong Bin, Wei Rubin, Zong Hao, et al. The energy absorption

mechanism and influential factors of ceramic / fiber reinforced


杨超


134

TREIERL

2021 4F 55 49 %, 55 8 #i

(6]

(7]

(8]

(9]

[10]

polymer composite hybrid armour[J]. Ordnance Material Science
and Engineering,2020,43(5):128-136.
HOCEE SRV AR O T R IR LT YRS SR B R A S b
BMFFEHERE (3], MR & 5, 2019,34(2):131-138.
Xiao Wenying, Guo Wantao, Li Xiang. The progress of UHMWPE
fiber-reinforced ballistic composites[J]. Development and
Application of Materials,2019,34(2):131-138.
W 3052 2R TV 5 . Keviar/ UHMWPE 1R 22T 4652 5 bk}
PUFPERE [1]. DEEHT / A HHE, 2019(9):79-84.
Xiao Wenying, Li Xiang, Guo Wantao, et al. Resistance
performance of Kevlar / UHMWPE fiber hybrid composites[J].
Fiber Reinforced Plastics / Composites,2019(9):79-84.
WREE, AR XITHE . 35T ABAQUS BREFAERIAS SR & M RHI
rhilHERERFST [J]. BHEK,2019(2):194-195.
Chen Xin, Ma Shidong, Liu Shenghui. Research on the impact
resistance of carbon fiber reinforced resin matrix composites based
on ABAQUSJ[J]. Technology Wind,2019(2):194-195.
AR R AT USRI BRI Sk AS S R Y B
FEIERE (7). AT RSB 4 - 1 ARRL£RT, 2019, 39(3):93-100.
Yang Yingxue, Zhang Xiuqin, Yang Dan, et al. Review on the
development of fiber reinforced composites for military helmet
shells[J]. Journal of Beijing Institute of Clothing Technology:Natural
Science Edition,2019,39(3):93-100.
WA S EAE WA G . B SR S g i )i R S b s
WF5E [J]. SedsbrpbRleE 5 T RE, 2013, 36(3):60-62, 63
Yang Jie, Qiu Rixiang, Hu Zhi'ang. Dynamic mechanical response
and anti-bullet property of bulletproof’ glass[J]. Ordnance Material
Science and Engineering,2013,36(03):60-62,63.

(1]

[12]

[13]

[14]

[15]

WR72, D . R A s BT i 45 R IE 5T (0], #4ORE AR, 2002,
30(6):7-9,36.

Chen Yuhong, Li Lei. Study on the structure of lightweight
bulletproof glass[J]. Journal of Materials Engineering, 2002,
30(6):7-9,36.

XIIE . AR SR BRI (PC) J2 5 S5 HA X By ST HE 1 BE 52 1) 14 0F
T (7). B 5HE ,2016,44(1):14-19, 36.

Liu Zheng. Effects of polycarbonate laminated structure on the
performance of bulletproof glass[J]. Glass & Enamel,2016,
44(1):14-19,36.

JAL DG, Aol 158, ) g A6 55 7 I 2R IBE N T 4/ PR AR IR
BB 3 RE B B IR LA (). B & B RL 24 41,2019,
36(10):2235-2 246.

Zhou Qing, He Yemao, Liu Ting. Bulletproof properties and
failure mechanism of para-aromatic polyamide fiber / epoxy
resin composite[J]. Acta Materiae Compositae Sinica,2019,
36(10):2235-2246:

JEIDG AR, Xt SR IRIR AR S 5 bR YA By s e B H By
AL (7). SEARERER,2019,36(4):837-847.

Zhou Qing, He Yemao, Liu Ting. Bulletproof performance and
bulletproof mechanism of interlaminar hybrid composite armor
plate[J]. Acta Materiae Compositae Sinica,2019,36(4):837-847.
FISCH, B, Bk, 45 AR TSR B IS R X M IR B A
(RBIBFHRIREFT [7]. 72 T2441,2019,40(11):2 378-2 384,
Yan Wenmin, Wang Guanghua, Jin Yongxi, et al. Experimental
investigation on the damage characteristics of typical body armor
by the after-effect fragments of bullet[J]. Acta Armamentarii,
2019,40(11):2378-2384.

(EEF122™)

[13]

[14]

[15]

[16]

Zhu Zhenhua, Shao Yu, Wang Jun, et al. Electrical conductivity
of PP / SSFs composites under alternate loading[J]. Engineering
Plastics Application,2017,45(7):8-12.

TR B VAT VR B W B R ORE [0, T R LR T
2014(2):9-10.

Jiang Yongmin. Analysis of the sound-absorbing and sound-proof
materials in automobile[J]. China Packaging Industry,2014(2):9—
10.

PUSCIE . — BRI T 1) S0 Tt S i (RO Ry 43 (0], 9%
LT 2588, 2015(11):10-16.

Qiu Wenbo. An improvement for noisy issue of front regulator of
mini passenger vehicle[J]. Automobile Technology & Material,
2015(11):10-16.

Fhfe, ERPEOT YRS NVH S e [1]. V34 TR,
2018(4):31-34,37.

Jiang Xiong, Qiu Deping. Improvement of the acoustic
performance of vehicle plastic interior parts[J]. Auto Engineer,
2018(4):31-34,37.

VLSO, IR . B 2 R 2 A S il [ 5 4 F 58 45 A e ().

[17]

(18]

[19]

[20]

HUB 3 ,2016(4):44-46.

Jiang Wenjie, Sun Chengwu. Research and solution of abnormal
sound of a car seat[J]. Machinery,2016(4):44-46.

FRA, E4 AE  ABS MR LA MGE (3], TRADE,
2020,48(8):41-45.

Li Junjie, Wang Jin, Zhou Ting. Improvement of stick-
slip phenomenon of ABS materials[J]. Engineering Plastics
Application,2020,48(8):41-45.

AW 2S00 IMT T, 55— R B REME ABS MR G
¥ :CN107177156A[P]. 2017-09-19.

Yu Mengshan, Li Wenlong, Sun Fuyu, et al. A high damping noise
reduction ABS resin composition:CN107177156A[P]. 2017-09-19.
Rojsatean J, Larpsuriyakul P, Prakymoramas N, et al. Friction
characteristics of self-lubricating ABS under different surface
roughnesses and temperatures[J]. Tribology International ,2017,
109:229-237.

PR FAIBPERREOR ] 5 M i BB AT EHUESE D, AN - i
YLIEME R, 2017.

Lu Huanging. Study on the thermoplastic elastomer and sound

barrier[D]. Hangzhou:Zhejiang University of Technology,2017.


杨超




