$19% H1W mOE ¥ OB ¥ W) Vol. 19, No. 1
2005 4F 3 A CHINESE JOURNAL OF HIGH PRESSURE PHYSICS Mar. » 2005

XEHS . 1000-5773(2005)01-0010-07

ETEEHENRBEONAHR

FOoEMLEELLEER K U A ER
(A BEHR¥% %5 TREE%AR, B 200433;
2. b5t H Y B S B ACEME ST . dE 5T 100088)

FE . # % 7 Rubin £ A# B2 F Rankine WHGREZEH B R oMy EHEA, RiE
GEMBERNERAT EHFHATHERTF HEXBVRIED IO MRB KT R A E A
T ELAR B B R IR R e i BARE B R R R R, AT R A B R B Sk DR B K AT R ey
ERE. BNRRAZIM T EHERIN T AR LB LT R A B RRY T F 0%
BEA AT ERIET RENEGUREMARAEEMENRO LAANAE, At FE T
BHEBMERZGLARTERR W ELELE R, REMRBELERNEN G FERA#AITT 2
Kt H FETRALRER SN EER AL AT T RN

XER:- MRS E BN FEAZES
FESES: 0385 XERFRIRAD . A

1 35

G375 R I 9 ARE A i) R — o B S RN A IR AR AR A LA R A ) LA R B AR L AT
0 A v Y 32 B RN R IS B TR AR 0 ) A RN TR A A U . a3 A O R Y O B 2 1 i 4% A
ARV VR FAE SR L BE g o ORI, 76 AR G SCHR 3 R S T 28 s I IR AL T F Tate 5 A4
H 18 TF Bernoulli J7 #2 #9 J7 L5,

Ak ) P A R A ok TS )RR AR 14 3 18 3 55 L 0 87 T SR AR A P AE SR T A BEL I O A
TR BHE RS, Rankine B JE A 55 2400 ] A0 e UL 9 AT S0 9 SN AR AR 8L, L A0 2 12 ORI 5 P
I s Z Rl . Rubin % A Rankine B JE S04 R K AT 5 1A AT L A5 381 7 B A0 50 A o g
BRI AE T AT RO A B 3 N A Bl ) B A3 BT L BE A8 15 B 4R R 35 RNV ) 3 1 2 R X R )
JE R A BRI DL K2 Tate 45 AR 70 M B A 25 DO Y — 5

FIH Rankine BRJE AR (9 73471 75 A5 — A BEA B %, BT 55 44 5L 119 Sk 0% bR X5 42 400 TR B 55 i A
37 WE AR 0 TR A% R BE S AN K, A AR R L BHETE | OR TR BRI Sk 35 B AT 55 A A ST 38 0 43 A 7
TSR o3 T AR IS B X8 AN [] Sk TR B A A sE A 0 3 A

53 0 o i LA RUAR AT 9 R B 1 2 A O T AR R T v A by O T A — A Tl DAAE A AF 0 405 2R 82 50
T AR B RN A B A TAEHE— AP 25 T OC T SR B Y M R T G R 2

TR B - M 1) 42 400 R 2 375 1Y BRAE 3 I AR AR 2 7 SR AWF IS ME R, H i C A — S i 2 B i i A5
TUH Tate K58 4] A0 45 2R A A B 5 7 P 2 1 3 B8 3503 B 199 5 0 g IR AT 1 22 Ao A

2 EUREHBE
AT AT AEF R L RMRGE E 45— B AR R (0,60 5 (r 0.2) . PIARKR R Z X R A

[

* UWFS EHEI: 2004-02-02; €O HEA: 2004-05-09
HEETH: BXRAKRFFI4S (10372024) ; o [E TR P #AF 5 B 5 4 (2002-4210501-9-03)
EEEN . £ BQ972—) LA A RIBEST 51 . 32 B0 5T 5 1] Sy e 8l 4 () R B0 5 B0 4

E-mail: wang_zheng@iapcm. ac. cn



51 OB T R AL A 13 TR 5 11

E=2—2()—R./2 (D
R 2 (o) S B S 350 S 50 04 AR B T S B B B L R R SRR R T A AR AR [ AR bR R R T A Sk
R.. /2 &, Rankine GPIE 544 it i 5 72 K

R(& :[¥+§<sz+ 2R§@)1"’2]M 2)
R AR A BN 0] R 46 X JCTié s ), A7 AF B F R o(rozs ) o (0
v=Vo (3
Xt Rankine BRI {4, 3 & 3 bk B0
o=+ (5) e “
RN SR E )
ov =—Vp + dive’ (5)
Ko NERE, p FET 6/ IR Sk, B8 T AR gk, BN 13k o B 2
c=—pl+d (6)
FIH (3) =, B AR g f2 <7 1H 7 B2 X (5) W] DL R R
V[p(%sf+%Vg0-Vg0)+p]=divoj D)

oA AR ) 5K 5 o AT AR AR A B OC ZOR 15 L @ Hi (O G T WORs (7) SRR AR T A4S B ) p o AT HE
PRI BB AR O Ty 24 B H TSR
GPATIT i TR AR 5 R TSR TR A . BB PE A OC Z H BAH 2B 1k Mises A5G 2 A5 7

o"zé -Y £ (8)
3 €.

Sk AR 5 R A Hook 58
¢ =2u¢ (9)
g e 43 iR AR F K Gk R AR 5K b e O SRR AR R AR ARG Y v LR R Y e.e Flle, . D)
Hh o () FHT O I Y e 43 51 S $E UK A4 R 1 3 25 i ok B 5 B DS ot
115 T8 L A Sy P . 3 ek R A S v A 7 g T LA 38 A 32 30 4 Al i S BH T K g — A g s
SR 32 B 7 R AT LS S R A
M+ A(x,2) ]z =B(z,2)x* + C(x,2) (10)
KM R A ,2) B(a,a) (Cla,a) B & o Flx 1Y pREL, th b 34 #0434 03 7 7 ik i o
A a) NIRRT R, — A, a)x R FAEE H T, B(a,a)x® (Cla ) 43 Bl ST IR B 7 A
SAPESR R T . WIE S A
2(0) =0,2(0) =—u,
wo Cug =>0) Ry SRARFT) ik il 438 328 3

3 AREGELFIK A=

FET b A MR S R Koy BT b R B S SRR B ) 3 ) TSR SRR ) 32 Bl T R A A 2R 1 L 2R ol
TR A RN BB T AR Y . IR X0 Sk IR HETE L IRIE L BRE 9 489 5 8 SO AT 550 4
BN R R BRI S R R AT A . R 1 O 6 TR R A s B AR S pE R SR TR R A R S
BB SR, S A R B bR S RO A SR8, 90, & 1 LA M 43 3] g s A BRI L R L
S AT SR AR AR (E L H O RIR T, oo RR S TR JEAE

Pl 1~18 3 D9 1 BRI~ 3 % o) A Ja JEE 5 il 4 o 8 Y 2 A9 T SR 4 R S SR (e Y e B,
B 1 S HEIE SRR AT S A A T2 B AR T L ] 2 OO Sk AR R AR L 2E O AR BE R Y L 18] 3 S BRI
S ER AT A S MR  ph I T~ [ 3 RO, X T 5 5 ] AL, ) R R Sk A IR BRI L T
B ) ) A% L () S B (AT A AR AR o 6 BRIE Sk AR AT LT 75 90 4 T JRE 5 A 45 5 2 b 4 SR SR A



12 = H L7 P 2 Eild %19 %

(ELTH B0 A 590 T A IR o R LA R 204 Rl 4 3 A g I ) R A% B A — B DR 22 L MR ER 22 7R 100 AN

Bl 4~PE 6 3k 1 PR 4~ 6 CEI AT 4 5500k 2 T FR JRE 85 #8) A 42 A1 % 2 5 il 4 i 18 il 2 A
FACRELREMILE . K 4~ 6 BIE R L FIEAR 2 B A HEE B S5 B0E . i 1& 4~ & 6 m] UL, Bp
T Sk TR AR AN L 9 T4 R ) S 36 25 SR AR AT & o HETE Sk -5 BROE Sk TR B A T 55 4% 2R A B ARl
R JEE ) 52 30 {ELARLART 45 19 8 8 Il 48 38 7205 1 1) Al R AR AR () {2 204 ol 98 3 38 6 oy I 5 45
FU S50 (L e A X i 5 IR 22 290 20 04

x1 HEER
Table 1  Models of computation

L R.. M Material of projectile P 0 Y H
No. Nose of rod )
/(mm) /(mm) /(g and target /(GPa) /(kg/m’) /(MPa) /(mm)
1 Conical-nose 35.5 4.16 26 W-Al 26 2660 396 12.7
2 Ogive-nose 88.9 6. 45 81 Fe-Al 26 2710 396 26.3
3 Spherical-nose 83.0 10. 00 197 Fe-Fe 75 7850 650 12.0
4 Conical-nose 81.8 3.55 24 Fe-Al 26 2710 396 co
5  Ogive-nose 82.9 3.55 25 Fe-Al 26 2710 396 o
6  Spherical-nose 74.7 3.55 23 Fe-Al 26 2710 396 o
12: A Tests:Conical-nose; aluminum target LOr o Tests:Ogive-nose; aluminum target
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Fig. 1 Comparison of the computation with Fig. 2 Comparison of the computation with
experimental results of conical nose tungsten experimental results of ogival nose steel

projectile perforating aluminum target projectile perforating aluminum target
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Fig. 3 Comparison of the computation with Fig.4 Comparison of the computation with
experimental results of spherical nose steel experimental results of conical nose steel

projectile perforating steel target projectile penetrating aluminum target
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Fig. 5 Comparison of the computation with Fig. 6 Comparison of the computation with
experimental results of conical nose steel experimental results of spherical nose steel
projectile penetrating aluminum target projectile penetrating aluminum target
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Fig. 7 Velocity versus time of comparability models Fig. 8 Deceleration versus time of comparability models
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Fig.9 Penetration depths versus time of Fig. 10 Deceleration versus time of comparability models
comparability models for semi-infinite targets
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Fig. 11 Residual velocity results of computation and Fig. 12 Penetration depth results of computation and
experiments for concrete target experiments for concrete target
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Application of the Velocity Potential Model to Penetration Study

WANG Zheng'?,NI Yu-Shan',CAO Ju-Zhen?,
ZHANG Wen',JIN Wu-Gen'

(1. Department of Mechanics and Engineering Science ,
Fudan University ,Shanghai 200433 ,China;
2. Institute of Applied Physics and Com putational Mathematics ,Beijing 100088, China)

Abstract: With the application of Rubin’s penetration theory and the velocity potential model, some
new results of penetration problem are presented in this paper. A code according to this model was
written to calculate penetration problems of long rod projectile with conical-nose, ogive-nose and
spherical nose. The results of penetration depths and residual velocity were compared with the experi-
mental data to analysis the adaptability of the model to varied kinds of noses. The comparison showed
that the results given by the theoretical penetration model are in good agreement with the experiments
for ogive-nose rod projectile. Then we used the theoretical penetration model to study the scaling pene-
tration problems of ogive-nose projectile impacting on aluminum targets. The calculated results testi-
fied the conclusion that the normalized penetration depths and residual velocity are equal. Meanwhile
we drew an important conclusion that the deceleration of the projectile are inverse proportion to the
size. Finally,using the theoretical model, we made a trial to calculate penetration problems of the con-
crete targets,presented some results consistent with the experiments,and gave a delicate analysis.

Key words: applied mechanics; penetration; perforation;velocity potential



