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Fig. 1 Initial position for W ball with
diameter 4mm penetrating Al target
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Fig. 2 Penetration depth versus time
for ¢dmm W ball penetrating Al target
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Fig. 3 Penetration depth versus time for 44mm

W ball penetrating Fe target

ERNAUEFRAR YEAKRMFERHZS. FEER BHREHSHARHHER
EERKREFAR. AFXZIFALEAEEFEIXERE. EHIIHEEREESH



®m3m

WHEZH. B E MRRNOBRHEFRS S

201

RS REHRTTHE.

F2HRHTHKER 1 /0. 41 4, FREEN lkm/s B, AR KENRHERFR
AUBAES. KB 1. bem BT LAY 3. 5em WHEEK 400K, R3IAHTH

%1 0 BEERMIREERELAER
Table 1 Penetration depth for 0. 6g W ball with different impact velocities
e/
e 0.5 0.8 1.0 1.2 1.5 1.8 2.0 2.5 3.0
(km/3s)
ERELR/cm 0. 42 0.92 1.1 1.32 1.92 1. 42 1. 44 — —
HPTETL /em 022 0. 36 0. 48 0, 58 0.70 0. 84 0.84 0. 88 0. 94
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Fig. 4 The velocity curve of W ball with

increasing penetration depth
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Table 2 Results of Al target
penetrated by 0. 41g W
cylinder with L/D=1

BREE/ 110 12 16 35
B OBR/(em)|%EE & 1.4 1.04
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B/ (km/s)
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Fig. 5 The relations of maximum crater diameter
and impact velocities for ¢4dmm W ball
penetrating Al and Fe targets respectively
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Table 3 Results of Fe target penetrated by
Fe cylinder with diameter 1. 74cm
and length 0. 32cm
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(em) X HE 0.64
midE 1.756 1.756 1.756
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Table 4 Resuits of penetration depth for ditferent impact area
MARALKE Wamicit R/ SR/
/(g) é/L(L=0. 32¢m) (km/s) (em)
1.973 1. 0/0. 32 1. 553 0.52
3. 034 1. 24/0. 32 1. 58 0.72
3.978 1. 42/0. 32 1.603 0.76
5. 051 1. 6/0. 32 1.68 ¢.84
5.973 1.74/0. 32 1.756 0. 64
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Table § Relations of penetration depth and projectiles
with same mass and different shape

R mean/ g%/
WARE #/(cm)L/(cm) (km/s) e (em)
%% (0. 6g) 0.4 - 0.5 Al 0.42
R HE(0. 63) 0.34  0.34 0.5 Al 0. 40
M) 1.0 0.32 1.55 Fe 0.52
MEE(28) 0.4 2.0 1.70 Fe 1.52
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Fig. 6 The curve of impact velocity with RYXMERBEHNSEERRESEX
penetration depth (non-dimension ) WEXE., AP TEREER FRHA

f. EFR—ENBBRK . FHRELBK. YdrRERE2~Kn/s]ZH, FE—PREHRE
EEE, ERETRELR, RUEBERK, RITAE 6 ATR,0.61g BB HERE .
WRAEB N 1. 5km/s B, R RB K . L 8X B0 dr AR /T 2km/s SRS, 25100
3.0. 6g STk PR WRES , iy REE B E[0. 5km /s, 3km/s it , FEBMEL R T 6. WE 6 7T



%3 WHZEH BENE ARRDNHATFRS ST 203

R X REEBN 1. 8km/s HIINF) 2. Skm/s MR FREEX L AE “BRE"S5“FH7HRY
FEREF-AFE. EEAFEERE, AEH S TR, HEBEWN, YHRERDMTF
1. 5km/s B}, FFAM MAEHBEA LA, TTKF 1. Skm/s B, LR H B2 K, T NS
KEEEMATINK. SREEN 2. 0km/s BHEREZEF S EARE R & EE B 1. 2km/s B
KEFJLAE, HBEBEM 1. 2km/s HINE 1. Skm/s, FRBRAKT A . HH¥ WAL, 2 XHH
Wi RERERHREFREL. ARERT FBRE L. 5km/s A RENEHZ—, ¥F
MERET K S B WEHEE/DT 1. 2km/s BIRERFE.MATF 1. 2km/s B, 08

3.6
1.8} L8
0.9}
§ :
= 09 3T o.of
-0.9}
—1.8r —1.8
i " i i -— 6 " N N N
0.91.8 2.73.% 0.91.82.73.6
z/ecm z/em
3.6
1.8; 1.8
0.9} .
§
E 0.0¢ ﬂ ; 0.0
1
—0.9
—1.8} -1.8
A " A 1 —3.6 n A 4
0.91.8273.6 0.9 1.8 2.73.6

z/em z/cm

M 7(a) BN 1. Skm/s HBK BB 7(b) HEARN 1. 8km/s HFEREAIER

SHRERXEN R, $EHR FEERKHE 0N FEX . BEHR
Fig. 7(a) Isostatics and isos.tath when Fig. 7(b) Isostatics and isostath when
maximum penetration depth reached for W 90% maximum penetration depth reachoed
ball with 1. 5km/s velocity penetrating for W ball with 1. 8km/s velocity

Al target penetraing Al target



204 : "R % 5 W & w1z

MEREXMMTRBMM. THREAER 2.0km/s B, FABRKERYHEEE
1. 2km/s BAY 1. 7 £, RAQR BRI AR 2 K. 248 R E B[ 2km/s, 3km /s )X 6] B, B 84
B MM I0, ISFEFE T L ARt i, —F A FHEE SRR R FREXRE, #
RT“FA".

“BRE'S‘FR"HANREZ _REFERFAXREMER. H7HET 0.61s 4
REEN AR RKTFENRARR. TR ARERER 1. 5Skm/s i, SR EAR LRFR
R.FEENR 1. 8km/s FETBABKEN  BHKBA L ERRTFR XK 1. 8km/s B,
WAHBTEFEOEHTE  RERH. BE . RRSANEEE ATERFE. IR

BT HREHK 1. 8km/s BERK
- TGy R 1. Skm/s B/

[ AR IR,

0. 8¢ Vi=1omm aav g b B2 . EREMETRERELE
g 5 s': R . RBE"R“FR"HETERERH
g 1 [ FRAKERRAXGTEARH

~ 0.4} :1,"“‘ HHERER.
02: ,:3 B 8L4AHT ¢ 6mm MM ¢10mm
' ! ! AR RIS R 5 B oy W
e MERBAKS, TR, HEREEY
0.2 A 1. 6km/s B, SR A MK fEENK
RERR . EHYKHY—IMRGE
B8 é6mm Fl 610mm M EK @RISR EREA RERFRRE AAEE
e S LA ) BMINE 1. 5km/s )5, BRER £
Fig. 8 Ponetration depth versus impact velojty for ﬂyﬂﬁﬁﬂﬁvﬁﬂﬂﬂii. ﬁﬂt
¢6mm and 610mm steelball R, RIMNGBERLOHRE X
penetrationg Al target M1 RAREAFS AHER

UH RAXERAR . RPUHLCH .

AE23TR.REAEFRA . ZRETH. RAETLTREENNTFRE/ . B
S, ERAHERLUPOFEREEN KK, KEXE—EN, FRETBSETRK
R s —.

ARASTR . BRLGRBEERS FREMBX BERARTHYEE. FRKH
K ARAABERMERBALE . MELRTAY . FEEARUNSHAERY
W, A 4R, PR S IR R A NS b TR T B A R K B L B
WAE. MARSE 2 M. FHKER—R. FROHEERE,

|, F @

1. R A MEPH RFRERU T BRN SR . AERUN . ANSB(EE.E
REBE. SLE.BRARPOYIFCH B ESERPIFEANKEIHRAEYN, Hit
FRAGRESTREEER L RRLMER. HEH LR—EHM.



wmim WREH H5E ARG YEAFRESHF 205

2. BN RREMH . HEFPHARARRREN T XS X LRYMEM LRSI
MEREZ—.

3.BFFREET MR R AL HHN, BHHNNENTURRY, ERULR
HLRAREFEHHNEERN VIR TR RS TR, AR
TR ETRCRG. RS L AERMHHX, A RREEERAHBE Kennedy 4§
AR BREARER . BRUBFEFOEREY.

L RENEERXDIMSERURALEYN . XPEHNERBERBIRE 105X
fegy. B2 RNV TAEERBT —E2H AR ITEVYEFERSRR A2 X
.

EERAKYP B FEM EERENRI OTESTXOEDERFISRE.

$ % X ®

(1] FERZ0K SHAKRBENKH XYM MEPH. 2EB B HHRE L. 1987
[ 2] Johnson W. Impact strength of Materials. Edward Arnold Limited, 1981

[ 3] Goodier J W. Proc of the 7th Symp on Hypervelocity Impact I 1965;215
[ 4] Tate A. J Mech phys Solids, 1967,15; 387

[{5] Tate A. J Mech Phys solids, 1969,17,141

{6] Ravid M, Bodner S R. Int J Engng-sci, 1983,21,577

{ 7] Jonas A Zukas Impact Dynamics New York,John Wiley Sons Press, 1982

(8] WHB,.MAU WKEME S %LU M EM-4-505, 1980
(9] WiEsk. MM 4 TRLE KA e M IIEAIBIAT. (1020 ]. MO R T 4P, 1991
[10] Mader C L. MO RMMIA. LI HBF,198

NUMERICAL STUDY AND ANALYSIS OF THE ALUMINIUM
OR STEEL TARGET PENETRATED BY WOLFRAM BALL

Cao Juzheng Zhou Shurong Yu Zhilu Fe Ying
(Beijing Institute of Applied Physics and Computational Mathematics, Beijing  100088)

ABSTRACT This paper is concerned with the evolution of the aluminium or steel target which is
penetrated by a wolfram ball, in which the ball’s velocity is less than 3km/sec and its dhmetef
4mm. The significant results are obtained by means of the numerical modelling using MEPH
code,and compared with the experiments also. The mumerical and analytical studies indicate that
the depth of penetration is in close relationship with the shape of peliets material and thickness of
the target.
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