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(a) Top view of the model (b) Left view of the model
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Fig. 1 Experimental model
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Table 1 Parameters of constitutive model

A/MPa B/MPa n C m T./K € /s !
300 426 0. 34 0.015 1.0 775 1.0
Cy/(Jekgt=ChH D, D, D, D, D;
875 0.12 0.13 —1.5 0.0175 0
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Table 2 Parameters of state equation

o/ (kg e m™*) a b Ar/GPa  By/GPa  ar/GPa Br/GPa  E,/(M] « kg™")

2790 0.5 1.63 75 65 5 5 5
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(a) Hiermaier’s experimental result (b) Hiermaiers simulation result

(c) New SPH algorithm simulation result (d) SPH simulation result

Damage Il [ [ [ oW
0010203 040506 0.70.809

(e) ASPH simulation result

.

2 Al SPH Jr iE BB KL 45 2R 5 T2 46 45 SR %t 1E

Fig. 2 Comparison of different SPH algorithms’ simulation results and the experimental result
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Table 3 Comparison of high-velocity impact simulation results

WIRES D, D, //mm w/mm l/w A%

SPH # )5k 29.4 33.7 105. 7 81.4 1. 30 6.5
Hiermaier 525 27.5 34.5 — — 1.39 —
Hiermaier 54511 35.0 — — — 1.11 20. 1
Liu 3 28.9 — 105.1 86. 1 1.22 12.2
Zhou B4 31.6 35.3 102. 8 75.5 1.36 2.2

NG ER TR =8 K B B 181 3~4 23 5 DU AL 26 A0 P o AL £ JRE 7 1 AN [ B 221 5 Bkl
e A o R A AR AR L R SO IR 4 AR R T U B I R R R A A RS
Zhou R HIMESE SPH J7 ik 1) = R RUE I LE R HEAT RS LE
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Fig. 3 Top view of hypervelocity impact of projectile on thin plates
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Fig. 4 Comparison of the new SPH algorithm and traditional SPH algorithm’s simulation results
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Table 4 Parameters of LY12 aluminium alloy of constitutive model

A/MPa B/MPa n C m T./K /s !
369 684 0.73 0.083 1.7 775 0.1
Cy/(Jekg '+ C™h D, D, D; D, D;
875 0.13 0.13 —1.5 0.011 0

Pl 6 45 ity v fE i O 5. 29km/s B Whipple S 458 47 9 5 36 R RCE BT AT P 7 45 01 1 4 o
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PR g 5. 29 6. 15 km/s BY AR BE A0 175 B0 UE AT X0H b L JaE ol T JRE (R O AL 1 AR A
B 540 R B e 5 8 2 36 v T Y P 7 DX 53 40 (B /DN o 3 2 I A 2 T R Y R P i o
P AR X AR BE 1A 5 5 8 SR B/, Whipple BI7 7 B B 7 S5CR 4 X A5 45 Whipple B 97 25 44 11 i 7
A o A PR it 2k bRy B B O BO 9 AR AR LA .l VTS 4 2R 5 SRR A5 RS LT DL, By 4 o LR T e
H O BRE 7 AR 7 DX NS R BE ST R L 0 A 5 S0 W) £ B S U T B D 3k X g A AR ) AR
B A R IR A S 3K 5.

®5 RASPHFARNMARNE RS TR E R IR

Table S Comparison of the new SPH algorithm and experimental results

SOLEAR/ M, Bl 47 57 5% L HL 5107 X 35

L mim G Gmesb i /mm RN L= Y
S8 04-0090 5 0 5.29 11.5 2 50 3 b #TE TR FAL
frf odoos0 5 0 5.29 121 54 EH 5L
S 04-0080 5 0 6.15 12.6 25 50 T HTE AL
{}j H 04-0080 5 0 6.15 12.6 62 THTE AL
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Fig. 6 Damage characteristics of the Whipple shield at impact velocity of 5. 29 km/s
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Fig. 7 Damage characteristics of the Whipple shield at impact velocity of 6. 15 km/s
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A new smoothed particle hydrodynamics method based on the pseudo-fluid
model and its application in hypervelocity impact of
a projectile on a thin plate

Qiang Hongfu', Fan Shujia''*, Chen Fuzhen', Liu Hu'
(1. Power Engineering Department , Rocket Force University of Engineering ,
Xi’an 710025, Shaanxis China;
2. Unit 96656, PLA, Beijing 100085, China)

Abstract: Based on the kinetic theory of granular flow (pseudo-fluid model), a new Smoothed Particle
Hydrodynamics (SPH) algorithm suited for hyper velocity collision was presented in this paper. The
damaged debris of the hyper velocity impact was equated with the pseudo-fluid and the effects of the
debris’ interaction and the effects of the gas on the formation process of the debris cloud were investi-
gated. The new SPH algorithm was employed to simulate the 3D hyper velocity impact of an alloy
projectile on thin target plates, and the numerical results of crater diameters, the structure and mor-
phology characteristics of the debris cloud and the core debris cloud’s shape and distribution were in
good agreement with the experimental results. Compared with the simulations of the standard SPH
and ASPH, the simulation of the new algorithm is more accurate in the core debris cloud’s character-
istics. Meanwhile, the hyper velocity impact of the Whipple shield problem was also simulated at dif-
ferent impact velocities. It was found that the crater diameters and the damage characteristics of the
rear walls agree well with the experimental results, and that the simulation results are consistent with
the typical ballistic limit curve of a Whipple shielding structure.
Keywords: smoothed particle hydrodynamics; debris cloud; hypervelocity impact; Whipple shield
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