692

5 7 U R IR, SR Bt A A, 5 4 L AR £

XEHS:1006-9941(2019)08-0692-06
FMBTRESEEMBE P EEREN
K MERK, 2 B EAE KEA AER

(HFEIBEAFERERRK, T4 FXEE 050000)

w O=E:

TSR AL ZeNTAICuAg AR A & 4 B wh o B R AR 2 , SR P 8 B0 AR 10 2R e Xt 3 RE A BEAT 1 o ol PR U, R

TR LR AR (8] o ot B TR0 AR B R A A A R R A {1 R R R R SR X E TR ZeNGAICuAg R S & &b k5 2
P Z2 D) RE A BB 25 44 A4 R B0 B it B k8 R PR R B AR R L 45 SR R Wb R e AR i 2R R e A B TR SR R R RN
LR VA B R 0 {3 K SR ) 5 ol B TR M G 5 2 o S BE K 1400 mesT I L R AR AT 40% 0 AR w1 BRI i
R S O S RE 0L T AR L, ol U AR B 1100 mesT RS, FLRE B B DRE b T, OF B RO e RN S A RR kL 2 e U SR
1485 m-s 1 B8 ZeNIAICuAg YRR ZS A 4 MR SO I 1k BB B %26 ) 5K 39 3.83 k)= g7, B PR FR A i %% ) 15 81 0.026 kJ-mm >,
KR : 2L S REAS AT RL s WARAS G A i e S R AR RN B RE R 5 R B

FESES: T)410 XHktRERD: A

DOI1:10.11943/CJEM2018170

1 8l 5§

Z U1 RE & RELE A B (MESM) J2: 254 Il Ak 24 fig
2l B L3 g 0 Sk S 4 %5 R 0 B 2 T me A R
MESM 2Z 2| S AL wh it J5 25358 2 Ak 24 0, T R Rk
HZ W =Y R A R T HREE . Hik, MESM 78
RReS " mRemn & R R A AR AR ZE iy 4
BE AR . H LA MESM Fl 3 32 2 40 45 4R
WA EEEAEY SR - RYIREGY WA
Tl A AR A 2l Ay B T R R
IR R R R A A I AR gy 5, R AR Y
WAREAG R SR AR BB A SN S R R
. WA 4R —1CMESM, B B A & E &
T B (A S5y 2f ke, LA il R AR AR L SR
LV 7 11 B R 10 0 bR

MESM i & 1 HI T ot ey HOR 2, ] Z200% 5 2 AR
JH T b R Ry 30 A, SF Al e e e

Yt A EI: 2018-08-27; 1€ EI HH: 2019-02-18

W4 H AR B #3: 2019-03-05

EEB N : KR WE(1990-) 5, W 44, G 3E 5 & Re 45 1 41
EHFY . e-mail : 1193954881@qq.com

BEBERA: XIEKO975-), 5, 4%, FENFEHRFEE5HEAR
WF5¢ . e-mail: 13081106809@163.com

SIRAARS ik W, X E PR, 4502, 5 O AL R 28 G 4 bRk o ol R e R 1 D))

TR A R o o S0 O R M F 5 F B, Thad-
hani %7155 18 BE 40 A LAl 5 B LS50 AIF O S
L RS T Ni/ALZR Ni/Ti R 58 BOR R & MESM
FE— 2 E b R Y R T e R CER A D R R A R A
Yy PRA AR o T — 2 IO AR A 04SP AR e o TT R
A6 1t DU A5 A b 118 13 g 1 RS T R A LA, b i R
D3 000 AT DA B B AR AR A RE B vh o BERE AR L )i
Cai™ \Wang S B 58 T 4L AI/NI 2 & 4R R )
R 285 I AF R o 5 & Ak ¢ ONE (SICR) 3 /R
Ko e %5 AR S TR R 5 Xiong 55 VBIESE TSR]
T BT WM xt AN R E A AR R R
R g i JE] | K R 1Y 50 Wang RS T
ZrCuNiAl JE 4 & 4 19 SICR #¢ : . H A, X T 14 48
MESM (1 of; B8 Al 4R 14 0F 5% 4 hy 78 40 L (LR XoF AR S
B A bERE Y v B RE AR M AE SC A I A D

AT T A [F] i R B AL ZeNiAICuAg
AR A 4 MR R 19 8 e s R il £ SICR o 7 %
U, R WA S 6 4 MRS R 4 PR 1 1 — 20 D 5
o7 ] A3 B 35 R S 50 AR i o

2 ZWES

ST bR R BT B ZiNTAICuAg T B2 75 4 4 4k
(M5 REREES), oA Zr NIl Al ZF 5o

THER KL, 2019,27(8):692-697.

ZHANG Yun-feng, LIU Guo-qing, LI Chen,et al. Shock Energy Release Characteristics of Novel Metastable Alloy Materials[])]. Chinese Journal of Energetic

Materials (Hanneng Cailiao),2019,27(8):692-697.

Chinese Journal of Energetic Materials, Vol.27, No.8, 2019 (692-697)

Sttt

www.energetic-materials.org.cn



I A e e I

693

2l AU T, A3 2 EAR 8 mm, = 10 mm Y B A
PR 5 SC g0 e A O B AR R (14,5 mm SRGE AR 0
I TG I s 2 TR A BOR AN R R R I RS (45 A
o R A IR 0 B 5 SRR 11 AR T

velocity

measurement
system test chamber
14.5 mm
ballistic gun fragment
] (|
N ]

front bottom
target target

B 1 o A 0 A AR
Fig.1 Layout sketch diagram for quasi-sealed chamber test

Y 5 A b o T S 8 A B AN 1 BT,
Fr X e Je # G H 14,5 mm SRIE AR K, LR, vhd
HUE vl 500~1500 m-s™, JE& Jg #FE 204 MR £ IE i
FroQAT R R R TR O B . S HUR AW R AC ST
I ASCAR 3% , AT 353 4 R 3 e AT 7 1 4 1) i ) ~F 3
R A DA 2 R Y 3 R 22 /N TP ARG 5% , U0
B8R AR, WUR — B REAF O B vy R B AT
R B 35.2 L, HirARods B g a4, J2 5 0.5 mm, i
Bk 30 mm J& B4 B 5 B0 R, A5 A 4R o R AR S A 1k
BN o 6 BE L R I o b s A R s 2 2 0 KA, T
RNEEE S T B A S U R A A
AR E BB R B2, PR Oy o A o o R R S
o B AR O A R 6 10, n] R e B ML S Y
SICR e, o 3 F52 58 M A< 15 B 2 10000 W1/

3 #R5WiE

3.1 #RISICREK

Wil B v=1152 m-sT R i R A B A R
SICR P42 55 Sy 15 Wb, A 2 BT/ o BLBEME e 08 A i
(5 — WS 20 =0 ms([&] 2a) , 1] LLYE 26 3 F 2 0 1
s A R SR T 40 B, MRS 1 BT A M e AR
25, 2 SBATHR A T 5 U7 AT 0.3 ms
BF B ol mA L LR b e 0 S B0 5 A
BERE (B 2b) s 7E M v BE2E A )5 L 3B o0 iF i 5 i A
P A BRAR R R 2 ) JEE AR AT X B4 5 SCik[ 23 142
HE B4R TR BT A AR 0 TR s o A R A B (BT 2¢) 5 B
F o fi i AR S SO R SRR T R SR T e, R
FriE— LR R S s AR A IR R AR R B Ak
SO T O AR D R s R R T e IR AR

CHINESE JOURNAL OF ENERGETIC MATERIALS

o IR B B R 2 ERTE [ AME B an & 2¢ 5 & 2d i
R T RGNS AN e e SR SRR e A
ol B2 1 AR WS L T K T B A AR 9 AN R A
L 2e 5 20 s o

a.t=0ms b.t=0.3ms

c.t=0.5ms

f.t=65.5ms

2 P 1152 me st R SICR G A o 3 B 5 1 4
Fig.2 High-speed photographic images of the SCIR process

e. t=55ms

of fragment at a shock velocity of 1152 m-s™

3.2 BETHME

3 ok b i 80 834 m- s IR A% RS I A5 B 52 )
FE 7 M2 5 R A e ) 4k, 5 50T By 2 LR AU
N2 MESM R [H] IZ R 7S & & MR I 5= <70
SHR A G AR A B4R A BN BRI 2 I R g il £k
W6 oo PN WIS o Sy ke B T 3R X I B 45 SR AL AR
52, — B SR R T W BT A5 oE RS TR il 4R g
MESM i B b B AR, il 61 1 25 4 B 50 A Bl o,
WE 3 A, e ERAS R i 45 S0 g il 4k By
G R N AN W] oo 2R B R U
m R R BT, R W Ap R AR SICR o 72 th
R I R R 10 e R

Kl 4 S AN [m] oo 3 B2 T /Y p-eith 26, B4 L 32 w9
PR RERE S S, AR AR ) R T 3R B il 25
— B B A BEI Y iR BN A IS, TSR R BT

N XK 2019 % %27 % %848 (692-697)



694

oKz 0, R, 2R A, ok 4 Bl A

F BRI , DL IS il 26 TF AR 2208 R [ R O B B
B8, 2978 10 ms Bt G0N, TR T BBy B i) (] 4%
KL ATE 100 ms BN . B 5 AN [R] wh s 3 R Y
Ap-v T4, BOSh SL 8 B s, M oh LA 45 %, /T LA
R Ap 5 ob o B v HLAT B A I A G
B 5 oo R N, Ap B B TR B, HL o U AR
TCET Ap B35 -2, w380 32 5 e B Ap 16 i
75, B s R 500~1500 m-s™' P R s 06 R 4
KA 5 ol BORE TE ARG

0.05 -

—— actual measured pressure
——quasi-static pressure

0.041

0.031
0.021

pressure / MPa

0.01

0.00

0020 40 60 80 100 120 140
time / ms

B3 i) 834 m-sT ST g il 4R E R S TR 7 2k

Fig.3 The actual measured pressure curve and quasi-static

pressure curve at a shock velocity of 834 m-s™

R N[l TR A 0

Table 1  Overpressure peak value under different shock
velocities
shots v/mes™! m/g Ap/MPa
# 552 3.43 0.019
2# 723 3.40 0.033
3# 834 3.42 0.042
44 1105 3.49 0.058
5# 1152 3.42 0.069
6# 1242 3.36 0.105
7# 1406 3.41 0.124
8# 1485 3.47 0.151
Note: Ap is overpressure peak value.
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Fig.4 The p-t curves under different shock velocities
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Table 2

experiment data

Calculated results of shock induced energy release

Shots P AQ Ee e b K
/m-s™" /GPa /K /k) /K /k) /%

1# 552 10.24 1.67 0.10 1.57 29.38 5.34
24 723 14.04 290 0.18 2,73 29.12 9.36
3# 834 16.66 3.70 0.24 3.46  29.29 11.81
4# 1105 23.52 5.10 0.43 4.78 29.89 15.65
S5# 1152 24.78 6.07 0.45 5.62 29.29 19.18
6# 1242 27.24 9.24 0.52 8.72 28.78 30.30
7# 1406 3192 1091 0.67 10.24 29.21 35.05
8# 1485 34.26 1329 0.77 12,52 29.72 42.13
Note: 1) AQ is the energy deposition of the chamber. 2) E_ is the kinetic en-

ergy part of AQ. 3) E_ is the chemical energy part of AQ. E; is theoreti-

cal chemical energy. R is reaction efficiency.
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Shock Energy Release Characteristics of Novel Metastable Alloy Materials

ZHANG Yun-feng, LIU Guo-qing, LI Chen, SHI Dong-mei, ZHANG Yu-ling, ZHEN Jian-wei
(Shijiazhuang Campus of Army Engineering University , Shijiazhuang 050000, China)

Abstract: To study the shock energy release characteristics of new ZrNiAICuAg metastable alloy material, the shock overpres-
sure experiments of energetic fragments were processed with quasi-sealed chamber test system. The change rule of overpressure
time history curves, the overpressure peak value and growth rates of overpressure peak value of materials under different shock
velocities were studied. The specific energy per unit mass and specific energy per volume of new ZrNiAlCuAg metastable alloy
materials and multifunctional energetic structural materials were compared. The results show that the overpressure time history
curves of materials show the characteristic of rapid rise first and slow decline later. The overpressure peak value and growth rate
of overpressure peak value have positive correlations with the impact velocities. The reaction efficiency is close to 40% when the
shock velocity is greater than 1400 m-s™". The energetic density of material was closed to other type of energetic fragments under
lower shock velocities. The energetic density increases rapidly when the shock velocity reaches 1100 m-s™, which surpasses the
other kinds of energetic fragments. The specific energy per unit mass of ZrNiAICuAg metastable alloy material reaches 3.83 kJ-g™'
and its specific energy per unit volume reaches 0.026 kJ-mm™ when the shock velocity is 1485 m-s™".

Key words: multifunctional energetic structural material; metastable alloy;shock-induced chemical reaction;energy release char-
acteristics; energy density
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