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The optimum design of the golf club contains the uncertainty that is attribute to variability of swing motion. So, in
the purpose of this paper is that analyzing the variability quantitatively and designing golf club that can do the

highest performance even when the swing have variability. Approximating the swing by a function using Fourier

series and cutting down the dimension by analysis of principal component. The motion that includes the uncertainty

is made artificially by adding this function to response surface of movement and design variables. It is use for input

of FEM, and making objective function with the solution. Using this function, maximize the head speed.
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Table. 1 L9 Orthogonal Array

2757 No. | 7Ly 7 & CiER RN
1 0 0 0
2 0 0.5 0.5
3 0 1 1
4 0.5 0 0.5
5 0.5 0.5 1
6 0.5 1 0
7 1 0 1
8 1 0.5 0
9 1 1 0.5
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Fig. 1 Local coordinate system
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Table. 2 Discrimination capacity
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Fig. 2 Measurement and average data of acceleration
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Fig. 3 Variation of swing data
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Fig. 4 the approximation error and the number of Fourier
coefficient
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Table. 3 The relationship between cumulative contribution
ratio and dimension number

Re# |REFESERN| RE# REHZSE
1 41.084 5 87.723
2 62.022 6 92.37
3 74.075 7 95.849
4 81.694 8 98.233
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Fig. 5Club model
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Fig. 6 Design variable and Head velocity
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Fig. 7 Variation and Head velocity
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Fig. 8 Swing Plane

Table. 4 Optimum solution (A is not considering robust of
variability. B is considering robust of variability)
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