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SPH Algorithm for an Elasto-Plastic Contact Analysis
on a Rigid Surface with an Arbitrary Shape
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Abstract

There is few research about contact problem for a rigid surface with an arbitrary shape in SPH. The
variational equation based on the virtual work principle is derived and its solution is obtained by the
penalty method. It is proposed a new method that can determine the parameters for a penetration and a
penetration rate used in the penalty method. The reproducing condition is adopted to cormrect the
deficiency of kernel on the boundary. In order to calculate a penetration of particles, after checking
boundary particles for deformable body, boundary normal vectors were determined on the rigid surface.
Numerical simulations for models which have rigid surface with an arbitrary shape were conducted to
validate the proposed method in 2D Cartesian and cylindrical coordinate. The results of those analysis
represent that the contact algorithm proposed in this study works properly.
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Fig. 2 Comparison of kemel's derivative summation
for flz,y)=(z+1)(y+1); (@) the
derivative of original function (b) the sum
using the first derivative of original kernel

(c) the sum using the first derivative of

corrected kernel for x
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Fig. 3 Contact normal vector and penetration when the
contact between particle and surface occurs
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Table 1 Material properties and constants for Mie-
Gruneisen EOS of steel and copper

Moterial jey (m/s)| s | Iy |pelkg/in®) |ue(GPa)| Yy (MPa)
steel 4580 | 149 {202 7850 77 600
copper | 8930 [ 1491(1.96 3940 47 250

i

(b) 300us

{c) 60.0us

(d) 90.0us

(e) 1200 s

Fig. 4 Simulated impact to a rigid surface with a
wave shape according to time
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Fig. 5 Simulated impact to a rigid surface with a
concave edge shape
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(a) 0.0 ms (b) 0.2 ms
Fig. 6 Impact to a rigid surface with a half circle
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Fig. 7 Particle allocations and model dimensions of
rod impact models

Table 2 Material properties and constants for Mie-

Gruneisen EOS of Fe-5%Mn
o (m/s) s I po(kg/m®) | 1o (GPu)
4580 1.49 2.02 7850 77

Table 3 Constants for Johnson-Cook model and
bulk modulus of Fe-5%Mn

A(MPa)

B(MPa)

m C K(GPu)

634.42

147.98

0.0216 0.0170 169.21
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Table 4 Results of experiment and simulation by
SPH, AUTODYN-2D for Fe-5%Mn

Error(%)
(L/0). {(D,/D) (W, /D) Total,

L/ |\p/D \W;/D

Experiment | 0.9291 1.283 1.043 - - - -
AUTODYN | 09203 1.260 1.070 -0.95 -1.79 2.62 1.79
Ghost 0.9160 1.308 1.058 -1.41 1.95 147 1.61

Contact 09210 | 1284 1.052 -0.87 0.08 0.89 0.61

(a) Ghost particle (b) Contact algorithm

Fig. 8 Final deformed shapes and total effective
strain contour according to analysis condition
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Fig. 9 Deformed shape of rod impact test produced
by experiment and simulated by AUTODYN,
SPH in cylindrical coordinate
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