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Penetration and energy release effect of W/ZrNiAlCu metastable reactive
alloy composite rragment against RHA target

ZHANG Yunfeng, LUO Xingbai, LIU Guoqing, SHI Dongmei, ZHANG Yuling, ZHEN Jianwei
(Shijiazhuang College, Army Engineering University, Shijiazhuang 050000, Hebei, China)

Abstract: To study the penetration and energy release effect of W/ZrNiAlCu metastable reactive alloy composite fragment
against RHA target, the penetration tests using high-speed camera and ballistic gun system were conducted. And the energy
equation and Arami-Erofeev equation was produced to theoretical analyze the results of penetration tests. The results show that
the combustion reaction of fragment is induced by penetration process, which initiates distinct flame in the front of the target
and behind the target. The brightness and scope of flame are enhanced with the increase of impact velocity. The relationship
between impact velocity and plug velocity conforms to the penetration equation deduced by energy method. The theoretical
ballistic limit velocity is 987.1 m/s. The efficiency of reaction is enhanced with the increase of impact pressure within the
experimental velocities, which consistent with the experiment.

Keywords: metastablereactive alloy composite; penetration characters; energy release characters; RHA target

Z YJHE T BE 45 #4 #4 K} (multifunctional energetic structural material, MESM ) J& 27 & FI| F fb 2= BE Al s fiE
DA o 18 58 1 35 RE B B T BE DR, O] T A% e b P i e o — E’JZﬁJ EARMI1EH, 24 MESM B Fr
DA — i 7 e o S AR I, 23O R B R SR K MR e B g, 8 DY SRR AR, Tl S RE AL 2 RE RV BR S AR,
SEPUSRE T H bR AR R A A DR

MESM X 455 H s 1) 55 7 42 B4 38305 BR A S0 2 —, Wi 9% 32 B4 v o LR R AR M R 4R 160 55 47 258 i
. Zhang 255l Xiong ZE5° ZEeF5E T AUNi 2k MESM 1) i i B RE 45 M K B ALEE, FF 4SS T iR
i) o 175 2 Ak 2 SO AR 2 R R T O S5 SR W] MESM 19 R BE S g e 55 1 ks 5 | & A A iR

« WESEHER: 2019-03-04; & HER: 2019-04-26
F—1EE: KE(1990— ), 5, M-LAF5RA:, 1193954881@qq.com
BEEE: XERK0975— ), 5, i+, BI#dE, 13081106809@163.com

023301-1


http://dx.doi.org/10.11883/bzycj-2019-0065
http://dx.doi.org/10.11883/bzycj-2019-0065
http://dx.doi.org/10.11883/bzycj-2019-0065
http://dx.doi.org/10.11883/bzycj-2019-0065
mailto:1193954881@qq.com
mailto:13081106809@163.com

5 40 4 15 743 5 i i %21

A, RV FEASF G Avrami-Erofeev 772, Wang 557 #l Luo 48 45 0 BIWFS T = 2R Y . W/ZIMESM 11
il BERERAME . Xu ZF2 WESE T PTFE/AVW B8 %o 25 AR Al ) A= 400 58 0 A iz, e i 3 1 X 6 235 SR UL
T PTFE/AVW B8 F %) 258 G AR A0 A PR 25 a8 R B 313 28 5, JRIFSE 1 R X XUZ AR AR A 25 IR o

W/ZNIiAICu W AR A A 4 & A MRHZ B — 1 MESM, EUA 5008 B4R A8 1 S Re R ek, (B I 5L
e Y (RHA) B AR A R B RE AR PE DT ST I8 25 1 o 6 T 0, A Sl aod I AR AR 100 S 36 A0 v s 4252,
B 6F RHA $I A % 45 ol 3 32 R 38 Al 53 28 T i iy v 28 R 82, 0 SR AR MRS RE S R, BIE R
W/ZINiAICu WAZ S & & A AR A AR VRBE R Rr Ik, MZ AR G & S A A B ik — A B 58 M
Fe HERIE NI WA

1 EWxLG

1.1 EEHFE

SIS W/ZINIAICu ARG 4 5 G RHB 7, MHBHE WA 028 R RS T2 4 IR
ZrNiAICu W AR A A 43l 3 5 40 SR A B W ORI R be 285 1 AR ) SR AR v, fR . 0.5 h AR IEMS 1R 58 43R
B W SRTLB, B AR A& Eh Ak, il £ W/ZiNIAICu AR S A &8 A ek, St Hlin T,
192834 8 mm (ST 7 REE B, B % B 12.9 g/em’

109 o S R A A P L BT R |
EAE 1 14.5 mm SR 4255, S4E A7 OAY, (1 . et
WEHAR H 5 34T 8% 770555 10.5 mm J& RHA #11 pallistic gun
B (GYa) b T AR bR T s, | uu ﬂ uu
ZH L BT RHA SEARAET 7, BESEHR 1 m, LA @
D2t 1 ), 5 —2H 0 SR A0 T RHA SRS meﬁﬁﬁm RHA meVa:LiZir;yem
J7, BEREAR 1 m, A DL A B YD JE A v 2E target € target
AT, g 2 0 S R AR R 0.5 my ) 7 e T A BT R 9 e B
2R A, 5 h%ﬁ' 18 H 4 5 i‘l‘ vt 2% AH i Tﬁ, T%] WAL Fig. 1 Layout of penetration experimental setup

BT AR D, F PLE S W/ZiNTAICu WA S &
S5 B FRIE X RHA #UbR (R B e 7
12 IR

2 Ry 4 A BRI S E BE v, T W/ZINIALCu RS A 4 B A R B 6 RHA S AR 1) 42 190 B RE
T, AT LA, 54 o o B R R AR T B RE L R A G I, 18] 2(a) v, BT o R AR,
W R AR DTSR EAR . B R BT AR S | & T MR A R RE S, FEAR A T R B 2 B FR 14 KOG 18 3 ) Ak
P B 20b) ~2(d) H, Bl 25 oy 3R 3G, SR 7 6 AR K, KOETE I K AR, B 2(c) F
&l 2(d) AT LR 4 BG4 7 7 PRI Fr 4 o SR AR I, B R A AR A N T AR b S BORE RL B R T 1)
AN RHL, B 1) SRS T LU B 2~ 4 JOCFRAG KOG, KO F AR 5 B 5E = A, JE AR Rl O
P Yk R R R, RGN, B R BN 2 L WA SRR AR K . MORRI BT | R RE S N
Fr43, PR F 7 O B R AR

2 o R vi=1 067 8% 1 259 m/s B (8 2(b) A1 2(c) ), BOMR G 7 52 30— (R A: RO ok, 6 o 10 o
AT DL SR 5T VI AT B0 vh ZE 4R o e o I B 2R SO AR E AR T e e, A3 B R ik R AR O Ak 2k
AT, B R TR i BRI 2R B R ZIF R AR . 2 vi=1 508 m/s B
([ 2(d) ), ¥R 5 7 18 A 7R 50 o A A s 11 BRAR BROBR O, I [BIAT: ARG AE I HIUS Ak 2R b (1=3.75 ms) .
YR R fi o R, A R R R R, SRR S A RIR A R R AR, TP B R
5, TR R, SN TR Y, BRI TR, FE RS O B R T RS — g i ] A R e . AR —E
I HE T, WZINIAICu WA &4 & A RHEE A BERT A 205 28 10.5 mm JE 1) RHA ¥k, X AT 7E 48 5

023301-2



540 % Kz, S WIZINIAICUlEFE & & S APEHI A X RHASLAY R RERERFIE 23

K WL AR BE BN, e — M EA BR R M RE I 00 2 DI RE & RESS A R R EOE AR, h TRMIE R
RS R BBERE AN TT 220, AN RE A AL et PR Iy R 028 XA B W/ZrNiAlCu WEAR A5 62 S5 M RHB R Y
R

=0.19 ms

=0.94 ms & : =3.06 ms. .4

(a)v=726 m/s

=0 ms =0.25 ms

=1.13 ms

(b)v=1 067 m/s

=0.25 ms

=1.63 ms

(c)v=1 259 m/s

(dyv=1 508 m/s
K2 ANEEIEE T WZINiAICu WS & 42 & MR A % RHA EAR (12 BB fEad 2

Fig. 2 Penetration and energy release processes of W/ZrNiAlCu metastable reactive

alloy composite fragments against RHA targets at different impact velocities
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Table 1 Experimental results of fragments penetration
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