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Analysis of Bunker Shot Using Parallel Particle Element Method

HIROSUKE HORIIL,* TAKAYUKI KOI1ZUMI, it NOBUTAKA TSUJIUCHI,
MITSUNORI MIKI,t JUSUKE HIDAKAft and KEITA ORITO?

In this paper, a computational simulation model of the bunker shot is constructed by the
Particle Element Method (PEM). The PEM simulates particles’ behavior by computing the
interaction of the force among particles. The simulation model is composed of a club head,
a golf ball and a large number of particles of sand. Analyzing the bunker shot on various
conditions, such as shape of the club head and position of the shot, indicates the utility of this
simulation model. Furthermore parallelization of the PEM algorithm and implementation on
a parallel computer improve the computing speed.
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Fig.1 Description of inter-particle forces by the Voigt
model.
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Fig.2 Partitioning the calculation domain into cells and
the range of the contact detection of a particle.
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Fig.3 Partitioning the calculation domain by the domain
decomposition method and the region of the inter-
PE communication.
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Fig.4 Flowchart of the parallel PEM algorithm.
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Fig.5 Design of the club head.
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Table 1 Physical properties of the elements.

Club Head Ball Sand Wall
Diameter [mm)] - 43.0 0.6 -
Density [kg/m?] - 1000 2480 -
Young’s modulus [Pa] 2.06 x 10 3.0 x 108  4.9x 10 3.9 x 10°
Poisson’s ratio 0.3 0.4 0.23 0.25
Coefficient of friction with Sand 0.2 0.2 0.25 0.17

02 000000000000000O0
Table 2 Design of the club head and position of the shot.

Shaft length [mm)]

Initial angular velocity [rad/sec]

Bounce angle [deg.]
Loft angle [deg.]

Distance from initial position [mm]
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Fig. 6 Verification of the influence of the fixed boundary on the analysis.
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Fig.7 Velocity of a ball at an impact.
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Fig.8 Upward impluse for a club head.
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Table 3 Influence of the loft angle and the position of the
shot on the movement of the ball.

Releace angle [deg.]

Loft angle [deg.]
56 58 60 65
Distance 0.0 | 51.6 52.5 54.1 57.8

from 2.5 | 56.1 57.1 58.4 60.8
initial 5.0 | 583 59.0 60.3 63.2
position 7.5 60.2 60.1 61.5 63.9
[mm)] 10.0 | 59.7 61.6 61.9 64.4

Releace velocity [m/sec]

Loft angle [deg.]
56 58 60 65
Distance 0.0 16.0 15.9 13.8 13.6

from 2.5 12.4 11.9 11.5 9.8
initial 5.0 11.2 10.7 10.1 8.6
position 7.5 10.4 10.1 9.7 8.4
[mm] 10.0 | 10.1 9.5 93 82
—— 0.0

// —

=1

25 g

/

|58 oy

50 =

/ g

60 g

62 / 2

f 75 8

(=1

s

2

\ / A

10.0

56 58 60 65
Loft angle [deg.]

(a) Release angle [deg.]

0.0
I — —
——

£
5%_’/ E
e )
= 25 8
21— ¢
11 o
50 &
g
/ E
10 &
75 3
8
z

10.0

56 58 60 65

Loft angle [deg.]

(b) Release velocity [m/s]

09 ODOooOOOO0O0O0OOOODOOOOOO0OOO00O
Fig.9 Influence of the loft angle and the position of the
shot on the movement of the ball.
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Table 4 System of IBM RS/6000 SP.

CPU Power3 375 MHz
Number of PEs 16 (4 Nodex 4 PE)
Memory 4 GB/Node
Network Bandwidth 150 MB/sec
O8 AIX 4.3.3
Compiler XL Fortran V7.0
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Fig.10 Computational time for the individual tasks of

the parallel PEM.
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Fig.11 Speedup ratio by parallel computation.
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