Ho2 % HAm mOJE W OB ¢ IR Vol. 22, No. 4
2008 4F 12 H CHINESE JOURNAL OF HIGH PRESSURE PHYSICS Dec. ,2008

NXEHS:1000-5773(2008)04-0343-07

AR B S RERES S0
R 1 5 W 0 B T A L

K OB EANRLE OREER

Oy IR Tl o v B4 o F 7 P FRJBEVT IR JR 6 150080)

o~

WE XA AUTODYN R T T RAS RN EGEEE L E S LB RN IR YW
WBEEEN, SHT AR =ABUNER, ARXTEMEREMEENFET.ARABR
BAKEL BEHETHEAEFEETESBEN T AR R HER TR RN
B SRV RAEEH AN ATTRE., EREA.HANKEREKR, BANES
RIMEE A ;R EANHRAEE T IR RIAEG DR GG HFER T EFRD,

KW EEA ¥ BeEE S BEEI DR
RESHES . V423, 42;0347 XERARIRED . A

i

1 35

Tl A AR s T A R £ v S 4R 7™ ML K 8% B9 22 A AR LB AT 3 IO R A 40 0 B ke A R X
PR B C & A 22 A G B 37 IRt B A 25 T R s el A A BIE S A B IR N A Y s R
L IEEE T 1947 4 Whipple 42t i) Whipple B4, i iob i g 808 i 52 96 R BUE BT T R ALK
o B I SR B P RE ST AR R T A R B B A A I T T K A O B A R S )R R B A
A AT 5 32 TSR BRIES SHAL T 0L 22 AR AR 23 ) F) FEE MR 22 ol 2 R 19 o g 3 438 5 9 7 7 A
S0 0 ZE FLAE A543 o A AR DR OGS o e A oy T R R R R AR R B B AY A R RE 4 o R
AR BR AL HO AR [R] 5T 5 14 BROB SOALH 5 1 SR DRl S A e R o S R O A TR R R S
4 B ) B Bl FH LG8 o o ey 4R o AR ASE AU 80 Sy By 477 445 A4 B35 9P 1R REAUE 58 B9 AT 2007 15 . SR AT R0 kL
RERIAT LIS 3 5 LR AR 3 — B 25 R . ABESER T AUTODYN BPFEAT T 3ALTE 4R X e 3 1E
{1 o7 )8 5 < B AT T B R W B RUE R . 28 T A e SRR R A5 R . BT T A A [ Jo R D
26 AF T S AN R AR AL AR Ll L8 18 D7 1) 55 o A e o 4 ol J52 5 < AR BT 7 AR B 40 40 4 1k R ST HE
(52 L 55 BROE LS 7 B 2R A T AT T HORR .

2 BHEBTESSHEHERMNAR

FFIEARFALR A RLR A 2A12 f G & i 5 HAR 6 mm BYERIE #UIL A B AR R, 05 316 mg., 5
FUIESE S YR E N 5.3 km /s, SRILRHA] SPH BUs @ AL, Bal AR 0.1 mm;6061 Fa & 4 0 1F 1Y R 2
60 mm., FAEHN 80 mm.RH] Lagrange R . 51 AR MEIEIFHIBR TR A S5 5. SR AT AY 1R ol i A2
H100% . B 14 T ARG B R AR SR AUIE AR AR 7 07 1) . B 2 45 1M KR AL I AR L Y L AT £
L 3 A a b Rl INEARE IR 2l ¢ B 75 ) B = il e Sk 5 AL Y o e i sk B A [ A A
BN =0, MEHAEE L=2c 5HERE d=2a=20 B L AMRFEILAIERE T £, <1 ARk, />1

» YRR HH: 2007-10-26;f8 B B HE: 2008-06-21
TEEB N ok AFQ64—), T 2 A T, 322 R = g o o 2 B S0 AR A5 T RO,

E-mail : zhdawei@hit. edu. cn



344 = H L7 b 2 Eird %228

SRR ERT L S v I R A R R TR 4 T S AR E R SE an 3 TR L 7E BT R LA
AL De RS0 EAR BRI ALDTAE B (2 w9 AR Te Rom SUTIR . D, Ron B HARL.H, &
N BN E =Y

FALFE A 4 55 58 1Y B4 BE 5 B 2R | Mie-Griineisen (Shock) AR 25 J7 #2 , 8 B %2 A R ] Johnson-
Cook A7 i J& %R SR FH e KB Sy, 2A12 F1 6061 48 & 4 W de KB 1 40 0 R A 2.5 GPa I
2.6 GPa. FHEHE AL 0 AR AR AUTODYN g .

Oblate ellipsoid Sphere Prolate ellipsoid Square edge Square face g
3
=
— 3
X =
<
=%
|
D
D ~
[y
~
U W o !
Small disk Large disk Short cyliner Long cylinder

A
=
9
ht
=
£
g
=8

v

Thick hollow cone  Thin hollow cone Large cone disk Small cone disk ~ Short solid cone  Long solid cone

K1 sOLAY AR

Fig. 1 Investigated projectile shapes
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Fig. 2 Nomenclature of ellipsoidal projectile Fig. 3 Morphology of damage target
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Table 1 Characteristic geometric parameters of ellipsoidal projectile and impact direction

Exp. No. Projectile shape L/d d/(mm) L/(mm) Impact direction
Shap4 Oblate ellipsoid 0.423 8. 00 3.38 Length
Shap8 Oblate ellipsoid 0.125 12. 00 1. 50 Length
Shap7 Oblate ellipsoid 0.216 10. 00 2.16 Length
Shap6 Prolate ellipsoid 4. 348 3.68 16. 00 Length
Shap5 Prolate ellipsoid 2. 824 4. 25 12. 00 Length
Shap2 Prolate ellipsoid 1. 539 5.20 8. 00 Length
Shap3 Sphere 1. 000 6. 00 — —

(a) L/d=1.539 (b) L/d=1.000 (c¢) L/d=0.423

(d) L/d=2.824 (e) L/d=14.348 () L/d=0.216 (g) L/d=0.125
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Fig. 4 Craters morphology impacted by ellipsoidal projectile with different aspect ratios
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Table 2 Characteristic geometric parameters of non-spherical projectile and impact direction

Projectile shape L/d d/(mm) Length/(mm) Impact direction
Square — — 4. 84 Face
Square — — 4.84 Edge
Long cylinder 5 3.065 15. 325 Length
Short cylinder 2 4.16 8.32 Length
Large disk 0.2 8.96 1.792 Length
Small disk 0.5 6.6 3.30 Length
Large cone disk 0.12 15.524 1.793 Cone bottom
Large cone disk 0.12 15.524 1. 793 Cone tip
Small cone disk 0.288 11. 44 3.3 Cone bottom
Small cone disk 0.288 11. 44 3.3 Cone tip
Long solid cone 2.89 5.31 15. 33 Cone bottom
Long solid cone 2.89 5.31 15. 33 Cone tip
Short solid cone 1.16 7.2 8.32 Cone bottom
Short solid cone 1. 16 7.2 8.32 Cone tip
Thick hollow cone Outer 2. 88,Inner 2. 88 Outer 5. 551,Inner 2. 78 Outer 16. 00, Inner 8. 00 Cone bottom
Thick hollow cone Outer 2. 88,Inner 2. 88 Outer 5. 551, Inner 2. 78 Outer 16. 00, Inner 8. 00 Cone tip
Thick hollow cone Outer 2. 88,Inner 2. 88 Outer 7. 19,Inner 5.40  Outer 20. 76, Inner 15. 567 Cone bottom
Thick hollow cone Outer 2. 88,Inner 2. 88 Outer 7.19,Inner 5.40  Outer 20. 76, Inner 15. 567 Cone tip

(a) Long cylinder (b) Short cylinder (a) Large disk with L/d=0. 2 (b) Small disk with L/d=0.5
Bl 6 AEAAR AR R R SRS Bl 7 R BT 0 A SO
Fig. 6 Crater morphology produced by Fig. 7 Crater morphology produced by
cylindrical projectile of different aspect ratios disk projectile of different aspect ratios

(a) Large cone disk (b) Large cone disk (¢) Small cone disk (d) Small cone disk

tip impact bottom impact tip impact bottom impact
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Fig. 8 Crater morphology produced by conical disk projectile



54 KA SRS TE R X R R ol VA < R S R ) Y (R ASE AL 347

x3 FHEAEBHFRITRGIFERST

Table 3 Characteristic sizes of crater damage impacted by non-spherical projectiles

Projectile shape Te/(mm) D¢/ (mm) H./(mm) D, /(mm)
Square 10. 23 9.137 6.14 22.78
Square 10. 75 7.785 5.53 24.96

Long cylinder 15. 39 10. 64 3.34 13.62
Short cylinder 11.74 15. 66 4.48 13. 88
Large disk 9.39 19.62 3.43 22.34
Small disk 9.75 19. 14 3.29 24.2

Large cone disk 11.25 18.1 2.35 20

Large cone disk 9.03 18.24 2.45 21

Small cone disk 10. 36 20.48 2.55 24

Small cone disk 10. 36 18. 24 2.69 20. 54

Long solid cone 12. 87 16. 46 3.94 10

Long solid cone 17. 37 9.77/Max. 13. 79® 3.29 12

Short solid cone 9.42 19.12 3. 36 22.32

Short solid cone 13. 81 15. 564 3.45 19.2

Thick hollow cone 9.53 16. 46 4.32 19. 66
Thick hollow cone 17.17 10. 2/Max. 13. 3/Min. 8. 88" 3.49 12.96
Thick hollow cone 11.43 18. 28 4.48 20

Thick hollow cone 20. 66 9.34/Max. 16. 48/Min. 8. 44 3.45 13.9

Note: (a) First number is D¢ ,second and third number represent maximum and minimum crater diameter.

(a) Thick hollow cone (b) Thick hollow cone (¢) Thin hollow cone (d) Thin hollow cone

tip impact bottom impact tip impact bottom impact

P9 250 HETE SO o R T TE 25
Fig. 9 Crater morphology produced by hollow cone projectile
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Fig. 10  Crater morphology produced by solid cone projectile
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Fig. 11 Crater morphology produced by cubic projectile
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Numerical Simulation of Projectile Shape Effects on Craters
in Hypervelocity Impact on Thick Alloy Aluminum Target

ZHANG Wei,GUAN Gong-Shun,JIA Bin,PANG Bao-Jun

(Hypervelocity Im pact Research Center s Harbin Institute of Technology » Harbin 150080 ,China)

Abstract; The numerical simulation of projectile shape effects on craters in hypervelocity impact on

thick alloy aluminum target at normal angles has been carried out using the AUTODYN hydro-codes.

The results of 2D and 3D simulation are given. The effect of projectile with different shapes and aspect

ratios as well as impact orientations etc. on damage characteristics sizes and shapes of craters produced

by hypervelocity impact on alloy aluminum targets have been investigated at the same mass and

velocity. The simulation results are compared with the cratering created by spherical projectiles. It is

shown that projectile has a larger aspect ratio,it has a larger crater depth;the damage sizes and shapes

of craters created by non-spherical projectiles impact depend on the projectile shapes and impact orien-

tations.

Key words: solid mechanics;hypervelocity impact;numerical simulation;shape effect



