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Abstract; The ceramic-metal composite armor and its confinement of ceramic are introduced. The
characterization of ballistic performance and the effects of three confinements (axial, lateral and
three-dimensional) on ballistic performance and anti-ballistic mechanisms are reviewed. The
metal-encased ceramic composite armors fabricated by metal casting are proposed owing to their
potential applications. It is pointed out that the studies on characterization of overall ballistic per-
formances, dynamic characteristics and structural design optimization of new ceramic composite
armors should be enhanced.

Keywords: ceramic composite armor; ballistic performance; anti-ballistic mechanism; confine-

ment effect; performance characterization

St R A S B R SR B L S R I
JRE A5 G HH R T AR A v il Ry FH T AR L R
FHOL A L 3H 5 2Be Y A4 46 By s S e, et B
R AL O, B,C,SiC, TiB, F1 AIN 2§) 544
Mok Kevlar £F 455 & s f M4 R E &8 b % 2
B H AT R R H B 4 bR A LA
FR Fe iR B L R TR R ) AR (B = — )
(R 2R, P2 2 6 FR 5 AN F IR T 1960

WeFs 5 : 2010-06-05.

AR IRAERE IR AL AR AR 2 Tl ke R Rz
WL i TR R BURR R AR R T AR R Gl ik
B —BPAHRI R L [N I B e 52 5 2 Y G e — T I
HERBPRER . H AT, SR A Al O )
AR B EE R S RN IR 2 A2
PUSRPERE A5 X 3R A 15 FU AR R B TR B | AR 45
e CUNAS T2 B TS | g e 249 SR 28 AP L O g 0 8 T 12
FARBLAE) RIS RL B SR o AR

VEF TR s XAER (1976 =) B W5 s R AR RO L B 2 WA . gl . A

TS 5T & AR 9 B H (2011CB610305) 5 [ 5K A SR k24 5L 4 3 0 %% Bh 3l H (51002114, 10632060) 5 15 2522 BB
B RIE BT H (B06024) s 20 F #1E 5 BH2E 2 A & B H (20100470089 5 185 45 22 46 1 - 22 B &5 4 TR 3 4 % B 30 H
(20100201110035) 5 HH Je A S AR Y 55 2% L 101 9% 4 9% Bh 301 H (x3j20100121).

X 4 HY R TE] : 2010-12-16

P& R L http: / www. cnki. net/kems/detail/61. 1069. T. 20101216. 0007. 001. html



8 [ I N ]

PN

E ¢ 5545 &

SR T LA AT L R S R X e e 24 PR D R
M A Al 5 < TR KT Pl e 0 S 4 [ BR D) AT
DUAL st al B fR] 52 B b e 52 45 % Y s PR RE AN 4
PRi 5 i FAR AREAHRABIFL.

1 FRE -GN R AR AFIE L

A7 BT 75+ P/ < R A 5 2 WY PP ) B e 2 ik
S TR AR AN TR AR 0 A 8 A ) X Pl e 0 B 4 [ 2
BIR ). 42 A8 P e 10 5 (8 29 TR T5 17 -5 T LA 4R ROR ) 7 »
P e 24 PR T A o i) 24 R A 1) (A ) 249 SRR
=R =R IR A AU R PR AT AR ST . B
BEAR AT 5 TC R ) YRR T3 95 2 26
HRTUNE 3 249 SR 45 B T AR FBR AR I ) 49
O o I OS5 Ja 45 3 25 T 20 v I A R A% 17
TR I 1 R, B/ R A P
P 29 PR S R TR 2 LT 16 s 5 25 T 5
KB F BRI 25 5 5 P RS R ARG LK B
B/ EREGKNAREE SR (WHALLS M
JZ BRI 22 2 P R SR ) | g T 4 ik < i 2 o
SEEPIRIRET BRRE R A 1) 2SRRI = 42

P A W (LR B B B B R S A B SR
R A RENSEE SR R E T
B 2R, R 1 A9 T IR R/ R A
B A A5G A HIRDRE i 2 BoAR L T2
PUSPERE. F AT, PR/ s A5 A e R R R
FEAALE ALO; \B,C.SiC. TiB, . AIN,Si; N, Fil Sia-
lon ZEP LK Al & 4 T A 4 VR A5 42 B AL L,
HEZERESHUILE 2.

Ca) 0] i) (b) il 1] 13 (o) =4
@jjtsj Ezjjm mjju—ej
Bl 1 EE%REH IR 2R

2 RGP IERERME ik

b Vi e 5 4 PR R 0 2 L LA BIA 0
RO T 2 o DR T B3 T S A
8 AT LR fL. 1 e 545 PR S P R D B A

A1 ME/2BIASETHREA BRI EEH AR FEHR, T LR SRR
%R SRS A5 (IR il BR B T2 R HURERE
ARG &L BT LA BTE JURDIRE 22 Sk U VE RE DL R L 2%
SR SiC, /Al TEBE R B G E T L GUHrERE— .

Al O, B,C, SIC, TiB; .
AIN, Sialon, BeO 4 Al,
A4 Tig4 W
(TiB, TiB, ) /Ti, (SiC,
B,C.ALO;)/Al

AR

Al Oy, SiC, AIN, TiB,

i [i1] 24
(IDESER BB.C 2

ALO;,SIC, TiB; . B,C,
AIN; 5

AL O;,SiC,B,C, TiB, .
SiaA\h f@; Ti\ Al %_{E\\

e

=R

1.
AL Os . B,C, TiB, . AIN,
WC; Ti Al & 4. Ti &
&

BRI B B R kA,
HiE T L EOR T ks & 5 5 P
TR R EL A AR B

R B A 45 5 SRR
i E O L A AR

Kidle HUMLRE 2 T 20 T2
L H .

LI ABER VLB 2 i
B SR, Hi T L
B R T AR 0 0§ 4

PRI S (E 3 { Di SN
WA S PR R B 45 4 T2
K75 VLA BRI A% B 5

AR 1] B R MG R,
QIR SN2 2 A 4 H I K
FERRHAA TR

KU R0 bt A v A iz
Jet M Z L5 TR DI BE ) — . i oh
AR RE IR0, SRR AR,
HURTIRE 1 — M. 4T b o A0 5 % E £ L.
LR P RE R

BURIRE ST B 4T b ot A0 ¥ i 1 — k.

BURIRE ST B 40 b ot A0 3 ¥ B 1 B4
CREPUPERER AT

BURDIRE IO R+ 40 b o 0 i % R ) B0
LR PEREIL L.

PURTIRE IO R+ (E0 5 R A AR
U i A K R D AL R £R B PR e
LK.

http: / www. jdxb. cn



5 33

R 45 B/ B O 5 e L B2 SR AR T 9

£ 2 BELSETEAMA £ R A
e ALO; B.C SC  TiB, AN SiN, Sialon Alas Ti &4 i
B, 35739 LM~251 29~3.2 45 3.2~35 27~3.4 2.93~3.2  ~2.7 ~1.5 ~7.8
fgrem™ 3639 2.5 3.12~3.28 4.5 2.9~3.2 3.2 3.23~3.26
pkpg E 220~380  372~441  300~450 565 314 150~330 300 ~170 ~110 ~200
/GPa 340 400 408~451 570 343 310 288
wg H 12~BHY 52HK  %5~21(HY) 25(HV) 12(HV)  15~20(HV) 18~19(HV) 0.05~0. 15(HB) 0.2~0. 4(HB) 0.15~0. 3(HB)
/GPa 1g(HK)  29(HK)  25(HK) 26(HK) 12(HK) 17(HK)

A Y 0.22~0.24  0.17  0.14~0.21 0.11  0.20

0.20~0. 27 0.23

0.31~0.33  0.24~0.30 0.28~0.35

T P RSB0 L P Ak VR 2 P 8 — A7 A 1 SRR 20-22 0. 58 A7 Bl 4% 1 SCHRT 23 5 W e bk Ak i Al LU 200 32 204 | Sk

(201 & bR RO A SCHkT24 15 9 8980 32204 A SCRRE 25,

wiEBURD Puh s U T R T Hh BRI GE
Mg/ )R A W R b vk Re s . B
T B B & 26 2 TR WM e i 1y 1 32 %
A ZE 5 (depth of penetration, DOP) 56 | 388 1 fR
TR I B T it e A i ] N A0 B £ b R GE
it DOP {58 75 1k 15345 2 1 BT i B 7 24K E 25
I3 R AL Ae, BURERE AP R AR RAE B 8 2 M
BEAL R PR RE. DOP 1256 09 A< it 2 5 % B & 4T
225 F SO0 i 88 52 5 2 R ) i AR AV X T i AR
HIEIC R K (F5 LA =0 1A Ry ME—FL 1A, 7 o 1Y 1E
sy ) PR AE D B % R SRR, E B Ae, 43
SR Ryt

P p,
E. = st 1
Tops + Top.+ P, <
P.—P,—T.,)p.
A@ _ ( P)[Osl (2)

‘ Tep.
e P A P, 4300 R 2 J6 BR 2 T4 2 RE I 1 2 %
Fl JCRR P B 52 A 8 R 5] B A TS A I AR AR 2R TR s o,
F o, 43 5 R 50 S N B B B 5% 5 T B T 35K
T AR AR R EE. 0D Al () h & S &
RN LA A 1] 20 AL 2% A R AT B A o 0T 45 e AN
(AR sk R TR B B B &2 A s vl 3G L, (H 2 —
AT IR AE FH L 1 AR AN 7] 24 B
FVER. 24P % &2 A AN 35 0 (RP T, = 0) i
E, T Ae, R4 B4k Ao

. P"’“ lO st

E. Top.+ Pop, (3)
(P. —P)

Ae. = Ou (4

2 g g S S N 1) — e R RIS, SR AY SRR P =0, ik
I En FAE (D H A,

5 1 A R L R R Y (2 4 S ST T
DA BT AT 2 Y G35 B e 52 45 2 D BB PR RE DT
SEEAT T VAN R TR BE B 37 2 80 N o Bl 47 3%
BN EARGE Ne MEZES B PERE E R EAL, H
TN AN, BRI

Ny = (5)
S5 M—@ﬁfw ©

MMQ?E (1)
5 <m—mg—@2fwﬁ ©)

DL g T A Py, R e B A 28 TR S 200N
B o BB AR TR s o, MR R A1 B2 (D)
FX (7 6 F (8) 23 il X 1o 45 2 Y Rk 2 7%
g 2RI S B, F5 28 A2, X G~ R
JE TRT B b N P B A H A R R R R oy — A
A TR 7% JEH: Th & BT LR S5 A i VR .
FET AR 45 SR A R R 1Y T 2743
Br s ok AR EUO R T B R A T 25 A s R AL
Ae, HRIEFRIRF
Tv, T, — o
se= ]2 0=r] @
o, WA RCGRAEAR I 03 L 5 0, A o, 5300k
2R S Jo X R P 2 R v ) AR A L SR AN
[F) A AR A B A Y 7 32 CAnA R AT 2 AR 100 1) 72
(1 A-T B SY FIHR AP UZYIBL 1 R, MfERS
BRIE 25 s R RK B K kPSR o A o,
M AT ARHE X (DI Ae.. BT H o il o,
SR R A3 R A 5 o A L g s C R 3 25 B

http: / www. jdxb. cn



10 [T 7 . ]

PN

S 5545 &

#H

B/ R E AT A BT EA SR . X 53R
R/ 4 JE A S i R TR [R) CUn A7 e s
A5 R T ) ) o [ sl o 2 A i) 249 S HARAY)
TEFE A FE I, PR A TR — R 0 SR BR A S et 2 (1
AR A O BT A

B3 () RE R A AT X 1) 249 S B A T
WeZE /4 B A2 A M R T 2 o B SR L RO AR
T2 2 ) 20 5 1) [ R TR B/ 4 T A A FE I B o
PERRET K I B 240 N 1B 1E
- o R (P..—P.)

Lo’ + o (R —r) T,

2 o M 1 2 SRR 55 35 AR R R 1% B 5 R Al r
3590 R A AR 8 A ) 2 A2 2K (10D 25 5T il 1)
LSRR AR 2 B RE B, 124 R=r, RIJGAN fia] 249 AR
it A0 FEAL A2 (D). %8 15 A FE X R AL
SR ) 9 A IR RE S, BN RE TR LAY AR
L, H A B 20 R (R3S AR PE D, B LAl
RAEH T =4 i 5 A4,

2% 7Kt A0 A 2 5% T AR B 1 = 4R AR
Al O, i #0  BL 38 AP I A2 00560 B 0 S5
B4 250 Ny iR N

_P.—P.—T,
T

B2, AR A5 i T 5 R RIARUJSE B S ). g b
AT 228 B4 R P U A R GEERE o, SR RAE P 5
A HLIIPURERE.

gi BRIk, LAl R R T SR AR
SO A BT R A2 1 T 0 1) 29 SR R
EJR AR AESR Hh 2555 25 18 = 4k 2 o Cil [ AN [s] [7)
I 24950 %o 5245 8 CHRR ) AR 8D LRV 1 BE )
ERAETT 2. Ak o H T4 R R RAE T AT 51
XA G R BT BIPE RE A AT B9 - 1 X T e gg
i U R IT 2 K SR RE ) B R AR AR A O
H i THURMIEREA B R RAT 205 HY S Y o
RN T LAt 7 2 A5 (A R TP E 2 1 1Y
AR PRI o XoF T Aok i R L ok B L g e A
P B CInBA 0 R BT HA 7% 50470 22 K SR RE ) A 6 2
4 Ja 2 B S S B e D) S VI N HeER B bt
PEREEA T S5 PR A 140 s S LA

3 MR A LR

VR X T B e 52 5 2 P vk e S5 fe s LB
(189 24 SRR CEL 358 ik i) 0 ) 60 = 2 24 SRR ) 2 L
SR IR AT » i T H A A AN S5 44 L 3T

N (10)

N, (1D

S BT LU A PR R R A X M B 2 A e B
() = e AR A 38 R LR T8, HOARGE 5T
Xof G CUn W e A2 R AR 45 4D  BF 5% 401 B 30 S B 5%
TREE , [ N34 B S Je T E b,
3.1 RIEEAR

Xif T P 5 2 W e A il ) 2 R R, R
B TR s RE R e, H— oAl 56
BN A A3 2 R AR B st A7 7 A D5 o, Qi o 55
R R AT AL 8 43 i R4 1) P 8 b B 2 ) S 3
AR = AR PUR B EREST. ST, Anderson
AFEL0-55) 3 1o AR B ARG LRI (AN 2 i) R
B A O AL Oy B U sib: B8 10 B2 i, &
IR P e AU B R 11 24 SRR 5 o A O I
P I B P BB G 24 SR AR A AR BURR e o R
15« P e M R 5 o T ) ST AT

(AR (DWORMAKR (OHEHER (DIEHR
2 ks e

X T i e 54 FR AT 5 P B A4 0 1) 249 SR
[l AN EAT T2 BT 5T AR L T T BT S L BE A9
M ey 23 SROSOSE BB 58 A0 LA B 0 v REAE 5
[DEREIAER: S HEeR R E N i [ ESE SN
T AL O, M % 5245 FE M A BT 3 ST 5 I 4= Bk
AE AR B A UHAERETS ) T AR AR AR & R H
al A A O] i) 4 TR AT GRS TR ) AR SE B AN 1K
P A F T R &R FERE AL 5 sA S ] ) 2 5
32 (o W AR 5 s A 530 KL B 7 g 8 o A
SER KL JSZ o] G 50 A R X AL A S el 5 ik
R PTRRAE T SR AR ) B B A AR v A B [ g3
T ISR E BT 2 4T B B AU
SR TG 249 SRR 14 S, HL s Anderson SEHY A
Sy i g JEE JEE Xt 0 T 24 SRRV IG # Wi 3 Rosenberg
SELIEA S B AR (R AR 2 I T 2 L) B P
e VR SN T B2 R T R R AR /N B g R
ST S 0 1) A B SRS ) CRNPE 3 BT )

http: / www. jdxb. cn



5 33

R 45 B/ B O 5 e L B2 SR AR T 11

70

* B,C(100 mmX 100 mm)
A TiBy(75 mmX75 mm)

v TiB,(100 mmX 150 mm)
® TiB,(150 mm X150 mm)
o SiC(100 mm X100 mm)
o AIN(100 mmX 150 mm)

60

50

g 40 ® AIN(100 mmX 100 mm)
&
3ok
1.7cm3/g
201

101

1 1 1 1 1 1 ]
0 50 100 150 200 250 300 350
ph/kg-m™2

P ERIAIL R

Weber S5l it XF 22 AIN FE AR i #31% BE 19 1 56
FITE 35 1 PR B0 L B I AR R i) I 1 0
NI T B s LK J2& T 1) 2 R s/ 5 350 P
Eom I T RIS R, 55—, EA EE AR T8
[r] 24 ROGHBT 3 B 14 BE ] 5 AR X R S AR /N, 4 5]
JEAE e s R A R R LB 5
% » Sherman %55 735 2588 T A [l ] 4 3 (TG 24
WIS H IR A5, WK 1) & F A
B JEE S AT A B P 28 il AR S P Y AL Oy &4 AR
AR 0 R BOAIL R S A A0 1) T P g 249 KT fif Pl
FOMR PR 583 I 0T FRARTS AR A Tl i (F P
72 1) BB FEARASAE S T 1) 7 249 SR 000 AT K il
JEE VRS B A 0 R A 1) 4 80 LA i) 249 B X o e
B — 2 R, X P AR 5 AR N, X sh A
B TEEE M. Doyoyo SR H] 3 FhAS [a] A4k O
A AR IR B BR IR ) TC R 1 4% ) 240 SR R R R B
8 W98 T LU BB e 3 s F1 4 VR F8 H i3
B AR TR I 450 T 2 SR BELT - S R R
7 it 249 SR BEL B 170 348 o v 48 A I 5 AR AR /N T D
JIN S AELHR TSR AR 2 R RS T L B 240 SRR ) T K

X T P e B A B st R 1 = 4k SRR
[ AR IS B IA R = 4 230 I T b skt
Hodr . Bao ZEP 9T & R 45 TR 3 2B AT KR 4
EEE U RO UL FSIE 7N v i R 7 N R 8 VA K
e g 2 e o o M BE e A TN S ORI F AR
SELSIDN Ky A B R = G2 R AL B Bt s M %
B PUERE A RE HHAPL2 L e .
ARG ) S BT = A A O P AR T
FISZ IR L 4] 40 - O Donnell 25097 58 55 % by = 4 2 o
KRR 4 AR E D (AL O, 1553500 3

1 85%.90% .95 % F199. 5%) ) AL O, Pz plmE 2y
T3R0S 5 A 4 7 A8 75 #L K5 Shockey
SN Ry, A R = 2 SRl A R R PR
(AL O, \SIiC.B,C 5% TiB,) HeBE A GE ) M i &k . B
ANRRZEB T M, BB & 0 7 H AR WY SRR 2 1 1
B/ N TE S 0132 Bl TG 58 1 X S04 1 B Tl 1
A T2 e 2 H AR B SR .
3.2 HEEH

7% T P s e ot 24 R AR P 5 (A UL 5
7 R 2 KA Bh B B A1 B Johnson-Holmquist 7%
P f 8 (JH-2 #5890 8§ Johnson-Cook #1 5
RIPU g S LS-DYNA A FRIea M k- se BLed. BN
(BB RSB 5% 245 S i 2 T, 4% o 24 S0 AT 42 5 B
WA A FR AR (AT AR5 A A B AR AL
TP 22 iy 2 B b by ok P8 X 24 SRR A5 ) L e
Chocron 2V e 22 whh SiC (R $ A Pl e 253 2R
RSN 1200 i L SR SRR SRR R % )
Ao A G s i CTH 4425 B (A48, 1
[i] 24 555 ook R 1) O R, R R o R K )
] 2 RAKONE T R s 4 o 3 B2 8 T 3.5 km/s B, i
O ST IR I0 25 A7 T e AT 43 BOE i 19 4
M ; Westerling 2675 SR F IR 50 FVEUE AL O TH-2
FERIAT AUTODYN F25) 73, % U o8 1749 K 4T
s e A 24 SRR = 4k A0 24 o (B8 4 i el L ik
BET AL IO B RAATE ALO, F¥EIAY
YRR o & P (2. 5 km/s) o I i) 24 oAk
ANFARE (1. 5 km/s) ek Bof (14 249 SRR » 1% B 1
BAZE IR 51X U0 25 R Wy & R {H 0 v i A 29 3R
RN A PR
3.3 R4t

H AT X TP & 2 A2 P AR A s 224
SHE G RZ 2 B 2 A 2 R AT B AR Jy 1%
Ry SRR bl R B B R SR B S R
SPAE DL BRI AR T R T T A R A=A
RSB RS S m Rk R R e 2y
HRA AU 55 L RS R B 450 BV ST
WEESEITRE AN Z Bt kiRl =X,
AT 51  BUERL LA B s (s i
e B 33 1T 9% B ) S AL S B M B &R filn,
JPR AR AR B KR TR LR A 1) 2 R P T
B B AR A ESAEASE AL o X 00 ) 24 SR AN e ) JE 2 AT T
DAk » G5 SRR M 1) 29 AR AF TR S AR R A, B>
PR NG 0. 8~1. 2 km/s B, il 1] 24 S A 1)
AR LR 10 mm; iR A G EE N 0. 6 km/s

http: / www. jdxb. cn



12 [T 7 . ]

PN

E ¢ 5545 &

F L4 ken/'s B o A0 1) 28 ROBR B A4 SR E 3 1) R 6 mim
A1 14 mm, HELE RPN I ALO; F
BEA R R, 5 A WA v ZE I BRE E TR S
Florence BH)  HEST THIIE N AL O, PR E A%
FH bR P70 3R B 3R 32 T I ABE AR, AR RELARUIZ: < R ]
Yl S 5L T G AR v ) R S B T R TR
T AR AE — 2B W) 43 T8 32 2 AF T O 3R A B2 -4 b 3R
AR FEAE R A PR 2 a5 ol B A LA I B 4 T P B R
B MR 153 8 20— Florence A 8Y, iy 1 11550 1
A7) 1k i R AT B A2 T/ B e/ AN AR S A )l R
SR . THEAR BN 5 5 % HOAR 19 e s bl R e
v, G A KRR b Z s B R N
A—pl, &0, .

ko, +po 0.91m,

e+ 'a' (A—pTy) 1
T o Rl Sk S 4R A v 2 118l B G
LT R A AR PR A=p, Ty
+o.Tetpy, Top Fth o, 2 B4 AR % 2 s 0, 1 T 53
S AT AR ) BRI JEEEE 5 o A AR A SBLAAR L 4 T Al
TR % A S Bt 2 B B o=, = o, = w3 & TP
B S WRIERE L B k=T, /Ty se, WM
B IRI AE 5 6, R 5 RO et IR 5 2 5 o, Ay B
PRI BT 0 5o S B RS HE (R I TR A2, A AT TR 4l 12 A5 3
3BT T AN IR L 5 A B B e T2 2 X e ot
Al Oy P22 W AT 5 R 8 B 1) 52 Ml T\ k4 1T
5 AR B P e e it ] i 1 B2 5 2 FE AR P T A
BRGHJEE. SR Sk 25 SR R I 2R A A A AN T A
JEFE/NT 1 mm B A HAG B YA A8 OREXF 15 22
ANF 15000 TR — A A (T <1 mm) 55265
TS » FHGX — 45 5 AR AR JE R AE T 1h 48
PR il Sk B T A AN v 2 ) T S R R T R R X
AR 1.
g5 b TR B 4 Jm R G R W Yy R R A T
AR AR T AR ILBIRE AR 1 %
FEI T 1 S S sl AT S5 AR L 400 B e e O R
AR ) 8 2 ol T 1) ) U B0 348 % LA P B L A
FH DT AT AN [ 2 4 e 52 526 TR B sk g, HL
PSR RGN 5 4 A R P S AR A R ST AL TR A
TR J7 ek SR | 4 8 B AR R C RO Z,
4, s REAE RO R AR PR ) A5 %5 D) AR 56 B X H 1T P
V2GR 24 SRRSO () F 5% BRI & 75 B o e
TR Bl 8 52 50 A T 3L B L DL LA B 24 SRR )
BRI FT , R I 5 48 B % 24 o Cn = 2 F 1 )

v, = o+ (1+52)

(12)

LT X 5 F A2l g AR sl R GE i R 5L
329 FISE A3 5 S T AR A D RIS o LA KOXT 25 o
RIp R 5 Wt st it it

4 REPERRE AR

5B B P R A2 5 R I LAF R R R ) —
AT e = e LT ORI TN G 6 45 2 R A T A
B/ eREAER HA MRS PUi e ae (W3R
D JUHRRA Y RGeS A E PR B2 3 TR
(G TE 76 ] Y A IE 32 B AHSC B iy FA L 4R
BRI R AR LR 1 R i 1) L ) R =4k 2
WAL AR W BT /R BT TE LSRN L A iy T
PR/ <)@ i i s A S i R O R R S 4
JE BB R o IR FR R — R BB R i Ak
VNI E N RS IRU I PR L S P RU L vy i & ¢
G 7 A 8 S S B AR [ BT A X A2 2
FERI P e (B IR. T » < i 0 20 B s 52 5 2 Y (e
1R =MEARERTIN S 2 Fhah i) B 8 £ 2R
FHPE B HIOR RS 1T By R 5 BRAR B R 4G
R IR TUBUN 2 i #5 1 S5 HoA e vp < s 5 1
PR HAB LR BAAR L B AT T 20 B il i A
RAFDE AT, F350 d TR Re Lo — B Jm A i P ik
FRUN KM REG TZH &S RERMEL S
B AERrE e N A b 2 S EOE R R BT T
AU 1 2R B RCR - WD HE R 7 Hh BT BE Y
TE LY. T 1« A3 T A 114 1AT B R SR 22 0L
AR ZLEREN S REEZ AR ITET A
= WIA B SRR 1 4 B P e A e O
A JEUH I S B T RN T BLAT B 5 IS T 1) Y
TWA e 22 AL CELALE0REFLD B P Be A 98 IR F
R E T AN L i 2 P i PR e T s 4
A 5 JE U BCEAT = WG T 28 45 46 1 37 2L 4 s 2
P A . 5 2R A X Rh =R B AT
32 TP RN e A A 1 4 TR e 2 B o 52 e
L2 1 RATED RPUR L B 33 A7 —
AR » 207 g W L T A B 8 B 22 ) 11 4
WAL i TF50A W R A7 A TR BIPEREA K.
WA BT A AT XU = 8 20 J2 050 S5 R 1 2 4
Jm B P S AR T (B U= 5 = i FLIE Z TR AH
AL S IEXTHAS M BT BT AL AL XA B T LA
PRIFOC R BOBT b AT 7 RE 7 - SUnT LR 35 e A1
PURBIEBEXT 5 AT AU,

U A AT R 45 Ja o 2 Bl e 52 2 R AR AF
G LA R AR A 2 RO s Ay T B A A A

http: / www. jdxb. cn



5 33

R 45 B/ B O 5 e L B2 SR AR T 13

PRE G H T RE Y 2 . R 4R i T
£l R B M R AR A BT
DAL it o T2 BEAT IR 45 L I X HLAT sk RE At i
PLBLHEAT RS H 5¢ 65 A B T e B P B 52 5%

“rERE R AL AR Y K i AR BAT TR
P89 IO S5t

5 4hETRiE

COBERY H AT & 2 BP0 RE AL 1 B — 1k
LRI R » LA L2 2% Fof i 704 g R 52 3 26 P 4 Ry ) £ B
s E A5 LA S P RE PR B, pr bl Lt
AT AL K RRE 1) BORAE AR LR 5 75 I il
AR i) Al 240 SO FH B4 T B By 47 28 Ml 2 Ak i R K
KA = HEL R B 5 A2 W I BT IR B AR BE » R s
SR FH— 5 B4 3 B (A 50 Y0 v, ) oy — 2 TR Y
P e 52 Ll i SR A A5 L S8 A R R U R R 4T
TR B R RAE HAT 2 R LA

(2) %o Va8 / 4 o A3 2 T v 4 B e R AT AT 224
IR AT AT AS [ P A e HEe sk S - HLTs 29 5R
RSO -5 AR ) 7% O 5 A el R O AR 1 2
UIASE. 105 F TR e 52 5 2 H i 249 RO Y
WFFEBUIR 5 ZE 05 k37 B P B 52 5 2 F A e i 1
RE A LR AN 24 OO0, A BRI ST 012 %
X P R 2R (I = 4PN 9O W S 54 sl
PR CUNSHREE 2R G2 04 2 AT 0 R NE 3 3 5 v A
REPE) RN » LSS 45 i 2 ) 8 52 5 2 Y A T 4
AL BEIT.

(3) <5 B4 P e 52 5 2 T DN AT A 28y = 4
LU R SRR S5 G A TR ORI
SEEPURIEREIL K U HR R A PIZ A MBS, R
GRG0 R OSSR g
B M S5 2 WY A5 A S P RE AT P R A
A B e RE R AL AR TR BT R R A S
B Y R SR K L B 1 L S

S 30K :

[1] RAPACKIE J, HAUVER G E, NETHERWOOD P
H, et al. Ceramics for armours: a material system
perspective [ C]// Proceedings of the 7th Annual TAR-
DEC Ground Vehicle Survivability Symposium.
Monterey, California, USA: Naval Postgraduate
School, 1996.139-147.

(2] e, £4%, WT . BRAEEESHPLEHHR
PERERFIEUERE [J]. L2 T2k, 2008, 29(2):208-216.
HOU Hailiang, ZHU Xi, KAN Yulong. The advance

of ballistic performance of light ceramic composite ar-
mour under the impact of projectile [J]. Acta Arma-
mentarii, 2008, 29(2).208-216.

[3] SHERMAN D, BEN-SHUSHAN T. Quasi-static impact
damage in confined ceramic tiles [ J]. International Journal
of Impact Engineering, 1998, 21(4):245-265.

[4] HAN C, SUN C T. A study of pre-stress effect on
static and dynamic contact failure of brittle materials
[J]. International Journal of Impact Engineering,
2004, 24(6/7):597-611.

[5] BAO Yiwang, SU Shengbiao, YANG Jianjun, et al. Pre-
stressed ceramics and improvement of impact resistance
[J]. Materials Letters, 2002, 57(2):518-524.

[6] HOLMQUIST T J, JOHNSON G R. Modeling pres-
tressed ceramic and its effect on ballistic performance
[J]. International Journal of Impact Engineering,
2005, 31(2).113-127.

[7] RODRIGUEZ-CASTRO R, WETHERHOLD R C,
KELESTEMUR M H. Microstructure and mechanical
behaviour of functionally graded Al A359/SiCp com-
posite [ J]. Materials Science and Engineering: A,
2002, 323(1/2) :445-456.

[8] GOOCH W A, CHEN B H C, BURKINSM S, et al.
Development and ballistic testing of a functionally gra-
dient ceramic/metal applique [ J]. Materials Science
Forum, 1999, 308/309/310/311:614-621.

[9] ANDERSON C E, ROYAL-TIMMONS S A. Ballistic
performance of confined 99.5%-Al,O; ceramic tiles
[J]. International Journal of Impact Engineering,
1997, 19(8).703-713.

(10] B RA), RE G, FAUNT B Z R R v 1 2 o0
Wse . SRdeprRiRlkes 5 TR, 1999, 22(4) ¢ 13-17.
HUANG Liangzhao, ZHANG Juxian. Study of bind-
ing effect in test on impacting and biting ceramics tar-
get with ball [J]. Ordnance Material Science and Engi-
neering, 1999, 22(4):13-17.

[11] SHOCKEY D A, MARCHAND A H, SKAGGS SR,
et al. Failure phenomenology of confined ceramic tar-
gets and impacting rods [ J]. International Journal of
Impact Engineering, 1990, 9(3):263-275.

(12] ZENeE 88 1 S0 R WL 45, P& R 5 2951 i %

AP ERER S (], SEER . 2009, 21(3);
15-18, 22.
YAN Luhui, ZENG Shouyi, JIANG Zhigang, et al.
Effects of ceramic thickness and confinement on per-
formance of ceramic composite targets [ J |. Journal of
Ballistics, 2009, 21(3):15-18, 22.

[13] CHU HS, LILLO T H, MCHUGH K M. Coated ar-

http: / www. jdxb. cn



14 [T S TR NS SR I %45 %

mor system and process for making the same; US, 1995, 17(1/2/3) :409-418.

20060105183 [P]. 2006-05-18. [29] sk A, &ER, KBLA, 55 % H BB HOR Bl
[14] COLLIER S, PEKER A. Encapsulated ceramic ar- (M. dbgt: Fegs Tk ARk, 2000:44-47.

mor: WO, 2003078158-A1 [P]. 2003-09-25. [30] mkiZeA:, s, B FE & AR S BE I IR I 3R AR
[15] LEIGHTON K, GARNIER J, ALESHIRE E. Metal- [J]. AERtHTR2244f . 2005, 25(7):651-654.

ceramic materials; US, 20060141237-A1 [P]. 2006- ZHANG Liansheng, HUANG Fenglei. Theoretical

06-29. characterization of ballistic performance of armor ce-
[16] DIPIETRO S. Method for producing armor through ramics [J]. Transactions of Beijing Institute of Tech-

metallic encapsulation of a ceramic core; WO, nology, 2005, 25(7):651-654.

2009045584 [P]. 2009-04-09. [31] TATE A. A theory for the deceleration of long rods
[17] RICHARD P, DANIEL A. Ceramic armor and meth- after impacts [ J]. Journal of the Mechanics and Phys-

od or making by encapsulation including use of a stiffe- ics of Solids, 1967, 15.387-399.

ning plate; US, 20060137517 [P]. 2006-06-29. [32] HILL R. The mathematical theory of plasticity [ M].
[18] ABKOWITZ S, ROWELL DM, HEUSSI H L, et al. London, UK Oxford University Press, 1950.

Impact resistant clad composite armor and method for [33] SATAPATHY S, BLESS S. Calculation of penetra-

forming such armor; US, 4987033 [P]. 1991-01-22. tion resistance of brittle materials using spherical cavi-
[19] KELSEY V P. Method and system for reaction bonded ty expansion analysis [ J]. Mechanics of Materials,

ceramic armor formed in situ in a metal containment:; 1996, 23.323-330.

WO, 2006083319 [P]. 2006-08-10. [34] JBREZTS, W S, HaENL PR R G ERITRAT R
[20] YLZR5e. 2 0o 4 BB 45 . 2%, TEALAE G mAr 6 0T W BE A B [T R =R K,

B IMI Jbemt: s Tolk gt 2009 30-240. 2007, 37(7).727-731.
[21] &, S, REFE. TREZHE (M. 7. MA Zhenyu, ZENG Shouyi, JIANG Zhigang. Numer-

VO35 Keg At . 2000:130-170. ical analysis of the ballistic performance of confined ce-
[22] MARTIENSSEN W, WARLIMONT H. Handbook of ramic composite targets against long rod penetrators

condensed matter and materials data: part 3  classes [J]. Journal of University of Science and Technology

of materials, ceramics [ M ]. Berlin, Germany: of China, 2007, 37(7).727-731.

Springer, 2005:431-476. [35] VT8, 2Kk, TR, 45 KIFIRRBIZLRE A5
(23] MIEH, ¥ HPBENE RIS ES [T]. i P AR SE R gY [T, SIEE4M, 2005, 17(2):38-

MRBLES TR, 1996, 19(5):37-42. 41, 48.

HU Yulong, JIANG Fan. Development and current SUN Yuxin, LI Yongchi, YU Shaojuan, et al. An ex-

status of armor ceramics [ J]. Ordnance Material Sci- perimental study on the penetration confined A95 ce-

ence and Engineering, 1996, 19(5):37-42. ramic targets [ ] |. Journal of Ballistics, 2005, 17(2);
(24] Bz 22 A 7 9F . 5. Th ERRE DR . 5 38-41, 48,

H AosETIE BIM] Jua sl . [36] T/0UR, 2ok, skoase. 5. Z00RR % P iR

2006:52-161, 499-694. Wseg sty (1], b E B EOR K22 4], 2008, 38
[25] FhEtE. Mk pbEAFU (M Jbo: P Tl (11):1299-1303.

KAt 2009;53-58. YU Shaojuan, LI Yongchi, ZHANG Xianfeng, et al.
[26] YAZIV D, ROSENBERG G, PARTOM Y. Differen- An experimental study on anti-penetration process of

tial ballistic efficiency of applique armor [ C] // Pro- confined AD95 ceramic targets to shaped charge jets

ceedings of 9th International Symposium on Ballistics: [J]. Journal of University of Science and Technology

Vol. 2. Shrivenahm, UK: Royal Military College of of China, 2008, 38(11):1299-1303.

Science, 1986:315-319. [37] 2 ERLr. TR, AF ALOs MR G IHTRAT
[27] BLESS S J, ROSENBERG Z, YOO B. Hypervelocity SRR AP S IR SY [T ). S ey, 2003,

penetration of ceramic [ J]. International Journal of 23(4) :289-294.

Impact Engineering, 1987, 5(1/2/3/4):165-171. LI Ping, LI Dahong, NING Jianguo. Experimental study
[28] HOHLER V, STILP A J, WEBER K. Hypervelocity on the ballistic performance and mechanism of confined ce-

penetration of tungsten sinter-alloy rods into aluminum

Ll

International Journal of Impact Engineering,

ramic targets against long rod penetrators [ J]. Explosion
and Shock Waves, 2003, 23(4) :289-294.

http: / www. jdxb. cn



5 33

R 45 B/ B O 5 e L B2 SR AR T 15

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

ANDERSON C E, WALK J D, LANKFORD J. In-
vestigations of the ballistic response of brittle materi-
als, SWRI Report 06-5117/002 [R]. Research Trian-
gle Park, NC, USA: US Army Research Office,
1995.1-96.

Bl MW, SKIEA. RIE R HILRT AL O, %
R E AR R T BB L], e 5wy, 2006,
26(6) :505-509.

DUAN Zhuoping, ZHU Yanli, ZHANG Liansheng.
DOP experimental study on EFP penetrating Al, O, ar-
mor ceramic [ ] |. Explosion and Shock Waves, 2006,
26(6) :505-509.

TRAEE ARk . AR BN AL AR B R DU AR
PERERYSEN (1. HEKES i, 2009, 29(2):149-154.
ZHANG Xianfeng, LI Yongchi.

toughening effects on anti-penetration properties of

Constraining and

alumina ceramic targets to shaped charge jets [J]. Ex-
plosion and Shock Waves, 2009, 29(2):149-154.
ANDERSON C E, MORRIS B L. The ballistic per-
formance of confined Al; Os ceramic tiles [J]. Interna-
tional Journal of Impact Engineering, 1992, 12(2).
167-187.

ROSENBERG Z, DEKEL E, HOHLER V, et al
Penetration of tungsten-alloy rods into composite ce-
ramic targets; experiments and 2-D simulations [ J].
Shock Compression of Condensed Matter, 1997, 42.
917-920.

WEBER K, HLOMQUIST T J, TEMPLETON D W.
The response of layered aluminum nitride targets sub-
jected to hypervelocity impact [ J]. International Jour-
nal of Impact Engineering, 2001, 26(1):831-841.
WESTERLING L, LUNDBERG P, LUNDBERG B.
Tungsten long-rod penetration into confined cylinders
of boron carbide at and above ordnance velocities [ J].
International Journal of Impact Engineering, 2001, 25
(7):703-714.

LYNCH N ], BLESSSJ, CULLISIG, et al. The in-
fluence of confinement on the penetration of ceramic
targets by KE projectiles at 1. 8 and 2. 6 km/s [J]. In-
ternational Journal of Impact Engineering, 2006, 33
(1):390-401.

SHERMAN D. Impact failure mechanisms in alumina
tiles on finite thickness support and the effect of con-
finement [ J |. International Journal of Impact Engi-
neering, 2000, 24(3).:313-318.

DOYOYO M. Experiments on the penetration of thin
long-rod projectiles into thick long-cylindrical borosili-

cate targets under pressure-free polycarbonate, alumi-

[48]

[49]

[53]

[54]

[55]

[56]

num and steel confinements [ J]. International Journal
of Solids and Structures, 2003, 40(20) :5455-5475.
ERE, BRI, B 2 ROV X A s e
Msgm) [J]. Jfebrpb el 5 T, 2008, 31(2):61-
64.

WANG Heping, WANG Zhihui. Influence of ceramic
confined effect on ballistic performance of composite
armor [ J]. Ordnance Material Science and Engineer-
ing, 2008, 31(2):61-64.

O’DONNELL R G, WOODWARD R L. Fragmenta-
tion of alumina in ballistic impact as a function of grade
and confinement [ C] // Proceedings of the 12th Inter-
San An-
tonio, Texas, USA: Southwest Research Institute,
1990.:410-418.

HOLMQUIST T J, TEMPLETON D W, BISHNOI

K D. Constitutive modeling of aluminum nitride for

national Symposium on Ballistics: Vol. 1.

large strain, high-strain rate, and high-pressure appli-
cations [ J]. International Journal of Impact Engineer-
ing, 2001, 25(3):211-231.

Livermore Software Technology Corporation. LS-DY-
NA keyword user’s manual: version 970 [ M]. Liver-
more, CA, USA. Livermore Software Technology
Corporation, 2003.

EEEG, RHEE. SR B R A Pk R A
g8 [J]. BAIEZ . 2009, 21(4):68-71.

WANG Shuguang, ZHU Jiansheng. Study on antibul-
let performance of metal-ceramic composite armor [ ] ].
Journal of Ballistics, 2009, 21(4).68-71.

LI Jin-zhu, HUANG Feng-lei, ZHANG Lian-sheng.
Numerical simulations of tungsten alloy rods penetra-
tion into alumina ceramic/armor steel composite target
[J]. Journal of Beijing Institute of Technology, 2008,
17(3) . 253-258.

CHOCRON I S, ANDERSON C E, BEHNER T, et
al. Lateral confinement effects in long-rod penetration
of ceramics at hypervelocity [ J]. International Journal
of Impact Engineering, 2006, 33 (1):169-179.
MCGLAUN J M, THOMPSON S 1., ELRICK M G.
CTH: a three-dimensional shock wave physics code
[yl
1990, 10(1/2/3/4) :351-360.

WESTERLING L, LUNDBERG P. The influence of

confinement on the protective capability of ceramic ar-

International Journal of Impact Engineering,

mour at two different velocities [ C] // Proceedings of
the 15th International Symposium on Ballistics: Vol. 1
Israel Institute of Technology,

Jerusalem, Israel:

1995.283-290.

http: / www. jdxb. cn



16 [ S R NI S S 545 %

[57] tifde, &EE, EWRM, A5 SUZR &R S AR (4):402-407.

PERIWESE LI, s sedie. 2002, 23(2) :147-150. JING Yuan, GUO Shiju, HAN Jingtao. Ballistic
DU Zhonghua, ZHAO Guozhi, WANG Xiaoming, et property of steel/ceramic/steel composite armor [ ] ].
al. Study of double-layer ceramic complex armor for Journal of University of Science and Technology Bei-
defensible performance [ J]. Acta Aeronautica et As- jing, 2007, 29(4):402-407.

tronautica Sinica, 2002, 23(2):147-150. [63] FLORENCE A L. Interaction of projectiles and com-

[58] BEN-DOR G, DUBINSKY A, ELPERIN T. Optimi- posites armour; part [[ [ R]. California, USA: Stan-
zation of two-component composite armor against bal- ford Research Institute, 1969.
listic impact [ J]. Composite Structures, 2005, 69(1); [64] WhtF, 2248, SBEEBELE PR ER 1] &
89-94. FMRIRL2E 5 TR, 2008, 31(4):79-82.

[59] BEN-DOR G, DUBINSKY A, ELPERIN T. Im- HAN Hui, LI Nan. Research progress in metal encap-
proved Florence model and optimization of two-compo- sulating ceramic composite armors [ J]. Ordnance Ma-
nent armor against single impact or two impacts [ J]. terial Science and Engineering, 2008, 31(4):79-82.
Composite Structures, 2009, 88(1):158-165. [65] ¥ENI, B X, HE R EE AP S0

[60] SHIJ, GROW D. Effect of double constraints on the U] =T, 2010, 31(5):603-610.
optimization of two-component armor systems [ J J. JIANG Zhigang, ZENG Shouyi, SHEN Zhiqgiang. Re-
Composite Structures, 2007, 79(3) :445-453. search progress on lightweight ceramic composite ar-

[61] KURTARAN H, BUYUK M, ESKANDARIAN A. mor structure [ J]. Acta Armamentarii, 2010, 31(5):
Design automation of a laminated armor for best im- 603-610.
pact performance using approximate optimization [66] XIEER, Frd4s, Faih, 5 —Ma)m/ WEEAH
method [J]. International Journal of Impact Engineer- RS P R 4. TE,. 200710018553 [P,
ing. 2003, 29 (1).:397-406. 2008-04-09.

[62] Jt 2, Fthdy, sk f/ALO; W%/ Mg (% BARA)

AT HHIERE (). JER0RHE A2, 2007, 29

http: / www. jdxb. cn



