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Fig. 3 Layout of the signal captures and ceramic targets
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Fig. 1 Sketch of the experimental setup Fig.2 Photo of the signal capture
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Fig. 4 X-ray photos of the shaped charge jet Fig. 5 Velocity distribution of the shaped charge jet
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Table 2 Experimental data of the constrained ceramic targets
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Fig. 9 P-t and wt curves of the two kinds of constrained ceramic targets during anti-penetration

(a) AD95 (b) 10%-ZrO,-toughened

10 A58 UG 2 Fh 24 0 W 88 A S T A 1 R A% 10
Fig. 10 Destroyed incidence planes of the two kinds of

constrained ceramic targets after penetration

(a) AD95

(b) 10%-ZrO,-toughened

F 11 % 2B ZEmEIRR s

Fig. 11 Destroyed state of every layer target



%2 RSB AE . AR R 0] SRR B R S U AR ) R ) 153

M 2~3 XFHREM T ADIS K 10 % ZrO, 14 1) B 2 B 58 37 42 190 52 56 1 285 SR ) 0

(1) RINEER I IR R W ADIS My B RANAL R HILR IR EBOR . 2 5 RUITLR RHREEZ N ER L
SRS . XS PR g B B A R D I AR IR i < T TS TR L B e AR D) o DL SRR ) SR A I O AR
FELEE B ek Y o B85 38 I P T A D7 4R 3 0 v DR e ) 7 540 T T 2R A R e e DX A B R 4 S L o o o)
DA R, DRI b S A B B T AR ) A R AN R AR R LB K NS BE R T SR A A BRI X 1

(2) (RGBS ek i) it 2 i S A B 49 1) WA 58 9% 3% 52 -t i) th £ 78 ADOS B Re B T 5 S AL B 4 ) B R 6 By 4 TR
KT ADOS By 8 ) RUAS 01 38 00 i T ) 8 2 R 9 T 5 B8 g A1 (EL L R PR R D PR BE AR B 1 B o X DA O SRR S
0 P g 14 0 P O R S AR 00 S R v P e SR R Y TR0 4 R AR A R AR BN L WO BT AR ) RE SR Bt
W g 2 ke B P AR I T 4R i B BB BB AR B R

(3) AR5 5L rf A S THT 1) 10 S 15 60 T LA B *3 BUEREMERIFE R~
BEW 2 M2, 2 Fh BT EA S I Table 3 Destroyed-region dimensions of ceramic targets
ST IEAAHE] AHBE R X Ky e X 2 # 8K, after penetration
TG B 1 B B A R A X R A A X Wiy 5 4 00 A /mm BRI B /mm BRI A /mm
RSP, R 45 )2 B & i g ol bl LLE 20.0 33.0 69
SRS OLE 1D 2 Bt D0 2.0 37.0 61
fLZE R A K ADIS B % 4% J2 BB I% Bl 8™ 1, 1t 10% 700, 55 W 25 2.5 32.3 48
WY 59990 A3 D e LA O 38 210 L0 >
5 & it

BT HHE Y DOP 5250 R 8 JF & T 295 W % P 5t i =2 80 65 LU BIF 9T, 3 B HEAT T 29 SRS X AD95 B & Ht 56 i 4= 40
FE T #5240 ST g 6 0 0 e 4R 100 B 7 A9 52 ) ) S 38 AR IR T AR VD AR A AR D IR - )l 2, SE R AR R B AR
Wi e B AR I RE 045 20 TR KR R MBI RR ST R R BT R D UL T ADOS B . B T SR M A5 R S AT T 2 R B K hU AT
TARTIHLER, JF XS 200 AD9S By Be b S P04 384 ) P e DO S AR D 5 R IR AT T LU, oy PUARRES SR AT O 0 AR T R AR
o0 Wl R 3k 7 v 7 A 4 TR AT S SO B2 B T T L 5 TG A A R A L 24 SR R S O R R IR LA T 2 30065 1006
ZrO, SRR % b ADOS By % A S UL 4R 00 BE 7 O Pl e e R B O 583 3% W B e o Rk 4 ) M AL D T g R R A 5
TARTIRE ST o X BE 45 16 R 5 X R R e T M i B Ml i fR 2 %

k¥
L1 B/ S BRI Pl 6 30 s (R A0/ 2 W 8 2 O S ik e () ). 0 2 398§, 2006, 36 (1) : 85-102.

CHEN Xiao-wei, CHEN Yu-ze. Review on the penetration/perforation of ceramics targets[]J]. Advances in Me-
chanics, 2006,36(1) :85-102.

[2] Mayseless M, Genussov R. Jet penetration into low density targets[ J]. International Journal of Impact Engineer-
ing, 1999,23:585-595.

(3] thde. GHn @0 &I mr 5y 5 TR AR AT m st 8 TR % %3], 1994(1) 1 18-21.
XU Xue-hua. A study on the experiment of jet penetration into a ceramic target and its engineering calculation mod-
el[J]. Journal of Nanjing University of Science and Technology, 1994(1):18-21.

(4] FRepfe i DA A A TR T3 07 ik L) ). B B TR 22 540, 1994 (1) - 38-42.
XU Xue-hua. An engineering calculation method for jet penetration into a laminating target[ J]. Journal of Nanjing
University of Science and Technology. 1994(1) :38-42.

(5] B . S E WM &g R s s ()], m R 2R, 1997,11(2) :145-149.
TAN Duo-wang, XIE Pan-hai. Expermental study of alumina ceramic against a shaped-charge jet penetration[]].
Chinese Journal of High Pressure Physics, 1997,11(2) :145-149.

(6] ZMEI,iKEM, LROT. Jut=MIE N T MR RS SR T]. 58 T.2%40 . 2003, 26 (4) :481-485.
WEI Xue-ying, ZHANG Chun-yan, MA Shu-fang. Resistance and property of ceramic target against shaped-charge
jet penetration[J]. Acta Armamentarh, 2003,26(4) :481-485.

(7] Fhasir, 2, T/A0E % KAT B 2 2958 A0S P E DAY 9256 B 5x )], #1al 2%4) . 2005,17(2) : 38-41.

SUN Yu-xin, LI Yong-chi, YU Shao-juan, et al. An experimental study on the penetration confined A95 ceramic



154 DS 1 5 et i %29 %

targets[ J]. Journal of Ballistics. 2005,17(2):38-41.
[8] TR 2ok, ke, 5. 20 R HT M w2 W L3 A5 [T, b B R FOR R 2% 2 4k, 2008, 38 (11) : 1299~
1303.
YU Shao-juan, LI Yong-chi, ZHANG Xian-feng, et al. An experimental study on anti-penetration process of con-
fined A95 ceramic targets to shaped charge jets[]J]. Journal of University of Science and Technology of China,
2008,38(11):1299-1303.
(9] sk, 2ok, TG, S AL 35 ) B % hu st il = 9 92 3 MR e [0, 923 J3 2%, 2007, 22(6) :631-636.
ZHANG Xian-feng, LI Yong-chi, YU Shao-juan. An experimental study on anti-penetration process of zirconia
toughened alumina ceramic target to shaped charge jet[J]. Journal of Experimental Mechanics, 2007,22(6):631-
636.
[10] S AT [ RS, T 3. 5 25 50 37 9 [ ML), bt S84 Toll s R 1995,
(111 SREZ, kARG, F5 B B AR S Honz T LML Jb 5 A2 Tl H ik, 2005.
[12] PG, 2Kk, B . 5. bk MBI M & 5 A0S By B4t @B sE X L9 86 F 9t [T, 9238 )1 2%, 2005,20(3)
344-348.
SUN Yu-xin., LI Yong-chi, LIAO Guang-xuan, et al. Comparison studies on the anti-penetration property of

toughening ceramic and A95 ceramic[J]. Journal of Experimental Mechanics, 2005,20(3) :344-348.

Constraining and toughening effects on anti-penetration properties of
alumina ceramic targets to shaped charge jets

ZHANG Xian-feng' ?, LI Yong-chi'”
(1. Department of Modern Mechanics » University of Science and Technology
of China , Hefei 230027, Anhui, China;
2. School of Mechanics Engineering s Nanjing University of Science and Technology »
Nanjing 210094, Jiangsu, China)

Abstract: Based on depth of penetration experiments, anti-penetration experiments were conducted in
constrained AD95 ceramic targets and 10 %-zirconia-toughened alumina ceramic targets subjected to
shaped charge jet penetration. The depth of penetration-time curves for these two types of ceramic tar-
gets and their residual penetration depths in validating targets were obtained, and these data were
compared with the corresponding experimental data for 45 steel targets. Results show that the protec-
tion coefficients of these two types of ceramic targets are both bigger than 1.0, that the anti-penetra-
tion abilities of the constrained ceramic targets are improved distinctly, and that the anti-penetration
abilities of the toughened ceramic targets are larger than those of the AD95 ceramic targets. Based on
the experimental results, the anti-penetration mechanism of the constrained ceramic targets to shaped
charge jets was analyzed, and the following conclusion is presented: the disturbance of back-explosion
generated from the constrained boundary to the jet stability is the main cause why the constrained ce-
ramics have better anti-penetration ability than the unconstrained ceramics.

Key words: mechanics of explosion; penetration; anti-penetration experiment; ceramic target; con-

strained ceramic; zirconia-toughened ceramic; shaped charge jet
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