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Abstract: In this study, a dynamic simulation model that considers many spherical particles and multibody dynamics (MBD)
entities is developed. Plenteous spherical particles are solved using the Discrete Element Method (DEM) technique and
simulated on a GPU board in a PC. A fast algorithm is used to calculate the Hertzian contact forces between many spherical
particles, and NVIDIA CUDA is used to increase the calculation speed. The explicit integration method is applied to solve the
many spheres. MBD entities are simulated by recursive formulation. Constraints are reduced by recursive formulation, and
the implicit generalized alpha method is applied to solve the dynamic model. A new algorithm is developed to simulate the
DEM and MBD models simultaneously. As a numerical example, a truck car model and gear model are developed. The
results show that the proposed algorithm using a general-purpose GPU in a PC has many advantages.
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Table 1 Comparison of CPU and GPU code
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void division(float *a, float b, int n)
{
for(int i=0; i<n; i++)
afi] = ali] / b;
}
void main()
{
float *cpu;
cpu = (float *)malloc(sizeof(float));
CPU free(cpu);
delete x_cpu;
if(b != 0){
division (a,b,16);
}
else{
b =0.5;
division (a,b,16);
}
}

__global__
n)
{
int i= blockIldx.x*blockDim.x+threadldx.x;
ali] = a[i] / b;
}
void main()
{
float *gpu;
cudaMalloc((void**)&gpu, sizeof(folat));
cudafree(gpu);

void division(float *a, float b, int

GPU

if(b !=0){
division <<<8,2>>>(a,b,16);
}
else{
b =0.5;
division <<<8,2>>>(a,b,16);
}
}
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Table 2 The error according to the diameter of sphere

e | we o] =%k FANME eakE
As | e N) N) (%)
0.030m | 1000  1081.4169  1081.4001 1.6e-3
0.025m | 1000  625.81998  625.78877  5.0e-3
0.020m | 1000  320.41983  320.41694  9.0e-4
0.015m | 1000 13517712 13517630  6.le-4
0.010m | 1000  40.05248 40.05032 5.4e-3

Table 3 The error according to the number of sphere

9] 9 ol&gt  FAMME  oAks
N A5 (N) (N) (%)

1000 0.025m 625.8199 625.7887 5.0e-3
2744 0.025m 1717.2500 1717.2778 1.6e-3
4840 0.025m 3028.9687  3028.8804 2.9e-3
10648 0.025m 6663.7312 6663.6976 5.0e-4
20700 0.025m 12954.474 12954.161 2.4e-3
54872 0.025m 34339.994  34339.499 1.4e-3
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Fig. 6 Co-simulation procedure of MBD and particle
pynamics

Fig. 7 Total sphere weight in a box model
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Fig. 14 Simulation results of gear model
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