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Abstract : The type 53 7.62 mm armor-piercing incendiary bomb was used to shoot SiC and B,C bulletproof inserts after high
temperature treatment for three consecutive times. The depression depth of the inserts, the damage of the ceramic panels and the frac-
ture morphology and microstructure were analyzed. The damage resistance characteristics of the bulletproof inserts were studied,
and the relationship between the mechanical properties of the ceramics and the anti-multiple bomb performance of the inserts was
analyzed. Then the target test of bulletproof insert plate prepared by ultra high molecular weight polyethylene (PE-UHMW) film
material and PE-UHMW fiber UD prepreg was carried out. The test results and the mechanism of bulletproof insert plate were
analyzed. The results show that the penetration resistance of the insert plate using PE-UHMW fiber UD prepreg is better than that of
the thin film material, and the thin film material is more effective in absorbing the impact energy. SiC and B,C with PE-UHMW
fiber bulletproof inserts can withstand the continuous attack of three 53-type 7.62 mm armor-piercing incendiary bombs under high
temperature conditions, showing good anti-multiple bomb attack performance. In addition, the anti-multiple bomb stability of SiC
bulletproof insert is better than that of B,C bulletproof insert, and the anti-single bomb property of B,C bulletproof insert is better
than that of SiC bulletproof insert. The strength and hardness of ceramics are beneficial for improving the anti-elastic properties of
ceramics, and the toughness of ceramics plays an important role in the anti-multiple bomb properties of bulletproof inserts.
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Fig. 1 Schematic diagram of ballistic test system
FELUUIR ZE  , oR Y CT X By 4 A A 7 454
P BLREAT JCHIR I , Wi 5 3 ol i 1 A A, 1
SEM X 1 g 2 (9 T 1 RO S kA7 %6 , o %
AR TR TR D O
2 HBR51E
2.1 FREMEARZIEERR A BT
R e Rl U S X (B P 127 N Lt i N
P e P J3E R EE R SR 2 R L S E 4
=AEE SRR bR . R A B AR By
SRR T 22 K PR BE DT T R # EE A D T H o
R JRE e 5ok R A R T B i 7 L A A ) A L
AE. &1 NPIFPBEE A 22 RE . AR 1 AO &L
Y, SIC Fig e i AR ffl B2 A0 25° i 5 B ) I T BLC HY
B 23.92% M 15.76%, {5 H Wr 28 ¥k 40 &
19.89%:

®1 AWEENSFIER

Tab.1 Mechanical properties of two kinds of ceramics

Types of  Density/ Flexure Hardness/  Fracture toughness/

ceramics (grecm’)  strength/MPa MPa (MPa.m'?)
SiC 2.9 390 225.5 9.4
B,C 2.5 463 296.4 7.84
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Fig.2 SEM photos of fracture surface of SiC and B,C ceramic
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Tab. 2 Structure of both ballistic insert plates

Number Types of ceramics/ Types of backplane/
Areal density/(kg-m?) Areal density/(kg-m )
1 SiC/26 Film/10
2! SiC/26 Film/10
3 SiC/26 Film/10
4 SiC/26 UD/10
5* SiC/26 UD/10
6 SiC/26 UD/10
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Tab.3 Live ammunition target test results of both ballistic

insert plates

Number Shot order Bullet velocity/(m+s™") . Wearface
signature depth/mm
1 879.3 242
1 2 877.7 27.3
3 878.1 30.9
1 878.5 253
2" 2 879.3 26.7
3 879.9 Penetrate
1 878.8 Penetrate
3" 2 877.4 28.1
3 878.6 29.3
1 878.2 29.6
4 2 878.7 32.8
3 879.1 34.7
1 878.5 29.2
5 2 877.8 29.6
3 878.4 323
1 878.2 25.4
6 2 878.3 29.2
3 879.4 332
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Tab. 4 Live ammunition target test results of both ballistic

insert plates

Types of Shot . - Wearface
czzlmics order Bullet velocity/(m-s™) signature depth/mm
1 879.5 30.2
SiC 2 875.7 32.8
3 871.1 30.7
1 876.0 222
B,C 2 871.1 323
3 871.5 36.1
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(b) Wear face of SiC ballistic
insert plate

(a) Strike face of SiC ballistic
insert plate

(d) Wear face of B,C ballistic
insert plate
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Fig. 3 Damage conditions of strike and wear faces of SiC and B,C

(c) Strike face of B,C ballistic
insert plate

bulletproof insert plate

(a) CT of SiC ceramic

(c) CT of B,C ceramic (d) Damage of B,C ceramic
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Fig. 4 CT non-destructive testing and actual damage conditions of

SiC and B,C ceramics after hit

A N RO AR R SRR R ik S B T B AR )
[ 5 B , ) A B 3R [0] AL, X AR R 3R
W SiC P i 78 52 2 5L w6 REAS AT R8BI A 73
AICAE TR, EL AU oy A 458 43 % i 5 DX 3814 5 i A
/N, B R B S R TH IR R A X S 8

LR, B,C By S i A7 B T, AN
TESFE RUALTE BT R AR ) BR8] 244, iy HLIX

S oy 2z A B, RO AP R X T
B E MG . X 3R] B,C B ETEM I
RE R A, ECH R 5§ O 3, DT 250 P e 4
P Ry R R

SiC 1 B,C WA RFLFALEE 5 E 1145 A 1Y )12
PERE B VA G . SiC B % HAT FH X4 = i B0, g
W AE B0V UG THFE R Z Re 1, MM/ 248 it
— Y B,C B EARNEE = (H B A XA,
W5 Ty 132 B v 7= A W PERBER , S B SR
PR
2.4 FREALIE AT

W) Y5 1 Ay 300 9 T P 2 LA P o S AL AR 2 A
THFE AL wh o ZhAES '™, SiC Wi 8 PR H: i 40 1 A it s
P | 75 22 1) 3L o B BB 08 o L A T 8k
S REREROR IS/ b e R RS ey g . R,
RpfE7E 2k it Je , SiC B & B s AR/ , sty
Z R AR B R AR, S H A i RS e 1 o

T3 —J5 1T, B,C P % (1) B s AE 2 B T i
MBS PGRY X P8 T AR, e
St ) B AP AR B AR BT TR R A 8
TEZ AT ks rh R R, ARk o 42388 2135 Al )
[l A e ST SR T N B S B Y =
2B R

&1 5 Sk WA A i A P B B IR o DAIALS
FHOUE 2 381 (7% 7 o i Al 58P s B S D PR S
WUESE T 3X— o SiC P % 7= A5 BRE e LA/ NI By
MR I X R FE Y, SiC & &2 it
VEEIE I ARERLAE R, 1M B,C M 7= 2k B A I A%
A FURLIR N 3, X Ui B,C W % AR A2 ) whh i
L L AR AR R I

7 (a) SiC ceramic grinding chips

(b) B,C ceramic grinding chips
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Fig. 5 Ceramic grinding chips at impact point of two kinds of
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