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Fig. 1 Layout of static explosion test
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W MRk e S A 4, PR B E 9 . 8 Shock R 277 B2 1 Johnson-Cook 5 & A5 Y Sf X 7
MR T A
Shock IR TT FERIK N ug = ¢+ squ, + s, TEVR P 55T, 00 T REEBHITF , HR KT L
W R ug = c+siu,0 BIFPHPEHOSECINZR 1 PR
*1 RKEpiEsy

Table 1 Parameters for equations of state*""!

R R BEREE /(Mg m ™) Griineisen £ 5 c/(km-s™) 5, SERE/K (kg '-K™
L 17.8 1.54 4.03 1.237 300.0 134
kil 7.8 1.6 3.98 1.58 300.0 408

Johnson-Cook 5 J& 155 71 3 8 FH T H A 157 Ly A8 28 F K A2 e it 1 4 JB AR, 228 0 vp B IR 7 )y ' F
AR REAE | 07 AR IR TR

Y = (A+Be')(1+Clg&))(1 - Ty) (1)
TH = (T - Troom)/(Tmelt - Troom) (2)
K &, WABIBYENIAZ, & WA RNER, Ty AR, T B mhboRHRE , T, W AEHE AR
JE, Toom NEMR; AL B, Con Flm B8 TR A RA B desE 1Y, 20T dr el i . mRh AL

B SR R S RN 2 B o

*2 EEEISHK

Table 2 Parameters for strength models"*""!

Bkt A/GPa B/GPa n c m Tl K
Vg 1200 0177 0.12 0016 10 1748
%J 095 0611 026 0014 10 1818

222 TARBAKEIFEA
S IR SRS Dy B v s AT Rl A
1 = (Y= Dpae+ pain 3)
K. py WERETT, p W SWIREEE, y AR T, e N R TT¥0E, pgn WESI M &, £
SREEIR, By h 1.4, ph 1.225 kg/m?, e, WK 206.8 /g
XF7K R Fl NULL #4RMEE AL, RS J7 #22K A Griineisen JR A 7 F2 1
peis (- )= 3]
p= 2 = to+aewE 4)
P-qum—&

Ko K
Tt (L4 p)?
K p MRS, E IERFUNGE; ¢ A BRI 73, Bk 1480 m/s; S, S, Sy R vhis P s A 44, 8%
HRARE A B 04 b i e B 0 5 , A5 ST S,=1.75, 8,=0, $,=0; p, B3 I T K BIHI G BE L, p R oK 2471 5%
&5 wh A BURSR L, u=p/p,—1; v, H UG Griineisen R 4L, HH 0.493 4; @ A Griineisen 2 50& 1E 3
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i A R, TR A ST AL A B s ) b i PR T, TR TR R, SRR AR —E B SEME AR IE, R DU
SEHEBE— R YU KGR, ARk DUR A R X R U AR TR, I iR B AR

(a)5us (b) 15 pus
Pressure/Pa Pressure/Pa
1.118x10° 8.552x108
1.005><10§ 7.689><10§
8.926x10 6.827%x10
| 7.799x10° | 5.964x10¢
L 6.671x10° L 51013108
5.543x10°% 4.238%10%
4.416x10% 3.376x10%
3.288x10°% 2.513x108
2.160x10% 1.650x10°%
1.033x10°% 7.873x107
-9.511x10° —7.552x10°¢
(c) 33 ps (d) 44 ps
Pressure/Pa Pressure/Pa
3.833x10°% 8.720x108
3.433><10: 7.768><10:
3.034%10 6.815%10
H 2.635x10° F 5.862x10°
2.236x10% 4.910x10%
1.836x10° 3.957x108
1.437x10% 3.004x108
1.038x10°% 2.052x108
6.387x107 1.099x10°%
2.394x107 1.464x107
—1.598x107 —8.062x107
(e) 49 us (f) 56 pus
Von Misses stress/Pa Von Misses stress/Pa
1.979x10° 2.121x10°
1.781><102 l.909><10§
1.583%10 1.697x10
| 1385x10° | 1.485x10°
L 1187x10° L 1273x10°
9.894x10°% 1.061x10°
7.915x10% 8.485x108
5.936x10°% 6.364x10°%
3.957x108 4.242x108
1.979x108 2.121x108
0 0

4 ANTR]IS 220 2 A0S 7 i B AR A i PR 2

Fig. 4 Typical states of a fragment penetrating into a target plate with a water wall at different times
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B, BIAE 88~120 ps B, B A FFAR R BISEAR, mir ) iR T /K055 A0 2% oh Ve T, B8 R 7 2 100 S A Ao e v o AR A1
BN -2%, (2RI R RS A K, B TR A T E Sl 599 m/s, A LA 46 FE R FRIRIE N 60.1%. &l 6
AL, SR T JCK S B, 7E 0~ 68 ps BRI B Y, Bl R 782 AP AT, LB AR e R LA
B, TE 68 ps B, B R 5 AR T T IR R IR AR, AR AT FREAE 83 ps BPAS AT, Bl JS A R ARSI H R
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SR R iR BE B B R A BRAIRVE D, A EL KBS B otk A, S RS 2 T B 35.3%.
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Fig. 5 Velocity-time curve of the fragment penetrating into

the target plate with the water wall
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(a) Schematic diagram (b) Site map
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Fig. 11 Layout of velocity measurement targets
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Influences of target plates with water walls on penetration capability
of high-velocity fragments

CHEN Cai', SHI Quan', YOU Zhifeng', GUO Chiming', GE Hongyu®
(1. Army Engineering University, Shijiazhuang 050003, Hebei, China,
2. Baicheng Ordnance Test Center of China, Baicheng 137001, Jilin, China)

Abstract: To overcome the high-risk and low-efficiency problems in large-volume ammunition
fragmentation tests, a new method was proposed by setting water walls in front of target plates for
comprehensively collecting the damage parameters of the fragments. The dynamic simulation software
AUTODYN was used to simulate the penetration processes of the fragments into the target plates with the
water walls and without the water walls. The influences of the thickness of the water wall and the incident
angle of the fragment on the penetration capability was analyzed, and the effectiveness of the proposed
method was verified by the test. The calculation results show that compared with the target plates without the
water walls, the target plates with the water walls can greatly reduce the penetration capability of fragments.
The results are also in good agreement with the test data, which indicates that it is feasible to use the target
plates with the water walls to collect the damage parameters of the fragments in the actual tests.
Keywords: damage test; water wall; target plate; high-velocity fragment
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