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Abstract

Smoothed Particle Hydrodynamics (SPH), a pure Lagrangian numerical method, is applied to analysis
of penetration phenomenon of bumper plate which is installed outside of spacecraft hull to protect the

spacecraft against hypervelocity meteorite impact.

Effects of SPH parameters, such as artificial

viscosities, smoothing lengths, numbers of particles and time increments, are analysed by comparing the
SPH simulation results with experimental ones with regard to subsequent formation of debris cloud.
An optimum range of parameter values is determined by error analysis and various SPH numerical

results are compared with experiments.
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Fig. 1 Debris cloud produced by hypervelocity
impact on bumper plate (from the paper
by Piekutowski"™)
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Fig. 2 Configuration of a sphere impacting on a
plate and debris cloud after impact

Table 1 Experimental results of debris cloud radii
and lengths by Piekutowski'?

At 6 us after impact At 19 us after impact
Ry (mm) Ly (mm) Ry (mm) Ly (mm)
153 317 375 98.0
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Table 2 Material properties and constants of Mie-
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Cp Py Ho Yo K,
(m/s) (kg/m’) | (GPa) | (MPa) | (GPa)

5350 | 1.49 | 1.7 [ 2710 25 55 72

k| Iy

Table 3 Constants of Tillotson EOS for Al

2l B A B E, E, E,
(GPa)|(GPa)|(MJ/kg) | (MJ/kg) [(MJ/kg)
0.5/1.63|78.50[65.0| 5.0 | 2.76 | 14.10 |5.0|5.0

a| Vv

Table 4 Basic analysis conditions for hypervelocity
impact simulation by SPH

Analysis coordinate Cylindrical coordinate
Constitutive relation Elastic-perfectly plastic
Equation of state Mie-Griineisen EOS
NPR 6

NPH 20

Time increment 1.0 ns
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Fig. 3 Effect of artificial viscosity and smoothing
length on Ly
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Table 5 The range of SPH parameters for total error below 10%

NPT 1.0 12 15 1.8 2.0 25
4 N/A N/A 0.5< a= g<1.0 | 03<a= 5<0.6 N/A N/A
5 | 3.5<a= <45 | 2.5<a= A5 | 20<a= <35 | 1.0<a=p<25| 1.0<a= <20 | 03<a <06
6 | 45<a=48 45< 0= B 3.0<a= B<95 | 20<a= f<10| 15<a=p<5.0 | 1.5<a=p<2.0
7 | 45<a= 8 45<a B 35<a= 8 30<a=f 25<a=p 15< &= B<6.0
8 | 50<a=8 50<a= 8 35<a=f 30<a g8 25<a= 8 20< o= 8
9 | 95<a=§ 75<a= 8 6.0< a8 4.5< =B 40<a= 8 25<a- 4
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4-1283 6.72 0.968
4-1291 6.71 1.549
4-1352 6.64 2.225

Table 7 Results of experiments and SPH simulations

Model | Exp. (mm) | SPH (mm) Error (%)

no. Ry Ly Ry Ly Ry Lo
4-1283 1 223 1 477 1 212 | 502 | -49 52
4-1291 | 20.8 {436 | 19.8 | 439 | 4.8 0.7
4-1352 | 17.7 | 364 | 17.7 | 385 0.0 58
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