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E =5.7968x10" (N/m?
E,=5.7715x10" (N/m?)
E,=5.55x10" (N/m?)
G,,=3.1336x 10"
G,,=3.3560x10"

E, =5.8496x10" (N/m?)
PRI | E =58496x10° (N/M?) | E,=1.9825x10° (N/m?)

T v, =0.34537 G,,=1.0186x 10" G, =2.1269x 10"
Vi =0-34537 v, =0.49917
v, =0.44723
v,,=0.26496
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Z:1 827 7 83.303 0.73 82172 -0.64 82.407 035
Yo 1 826 8 83.303 0.85 82.172 2052 82.427 20.20
Z:2 226 9 228.85 1.26 226.82 0.36 22631 0.14
Y2 226 10 228.85 1.26 226.82 0.36 226.40 0.18
73 43 11 44785 1.09 44276 -0.05 44273 -0.01
Y3 444 2 447,85 0.87 442.76 2028 443,05 2021
Z: 4 733 13 739.43 0.88 728.64 -0.59 730.76 2031
Y4 735 4 739.48 0.61 728.64 -0.86 73155 -0.47
Z:5 1090 15 1103.6 1.19 1082.9 -0.65 1090.1 0.00
Y5 1090 16 1103.6 119 1082.9 2065 10918 0.01
Z:6 1520 17 1540.0 132 1503.7 107 15205 0.03
Y6 1520 18 15400 132 1503.7 107 1503.7 0.24
oL (%) 1.05 ~0.49 ~0.08
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Hod i £ pl £pl (%) fi 2 (%) A (%) #H7) (%)
Z>1 20 3 16.941 16.910 16.880
Y1 20 4 16.946 16.915 16.881
Z>2 100 100 0.00 5 100.48 0.48 100.24 0.24 100.11 0.11
Y2 101 100 -0.90 6 100.49 -0.50 100.25 -0.74 100.14 -0.85
Z°3 268 260 -2.90 7 275.64 2.85 274.65 2.48 274.63 247
Y3 270 275 1.85 8 275.65 2.09 274.65 1.72 274.79 1.77
Z 4 528 540 2.27 9 533.25 0.99 530.33 0.44 531.40 0.64
Y4 528 535 1.33 10 533.26 1.00 530.34 0.44 531.87 0.73
Z°5 874 885 1.26 11 867.78 -0.71 861.05 -1.48 865.12 -1.02
Y:»5 877 885 0.91 12 867.88 -1.04 861.16 -1.81 866.04 -1.25
Z>6 1290 1325 2.71 13 1261.2 -2.23 1249.2 -3.18 1257.8 -2.56
Y6 1300 1365 5.00 14 1261.3 -2.98 1249.3 -3.90 1259.5 -3.12
T8 X (%) 1.15 -0.01 -0.58 -0.31
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(a)MAC -free-free-Z

(b)MAC --free-freeY

Mode | 8 10 12 14 16 18 Mode | 7 9 1 13 15 17
v 1 | 0932 | 0.0167 | 0.0253 | 0.0003 | 0.0244 | 0.00004 Z 1 | 0934 | 0.0317 | 0.0328 | 0.00653| 0.023 | 0.00188
Y -2 [0.00423| 0.949 0.0281 | 0.0547 | 0.00102| 0.0214 Z2 0.00001 0.95 0.0322 | 0.0576 | 0.0005 | 0.0178
Y >3 | 0.0007 [ 0.0393 | 0.871 | 0.0232 [ 0.0313 | 0.00006 Z->3 [0.00971|0.00001| 0.886 [ 0.08 | 0.0585 | 0.0113
Y » 4 |0.00593 | 0.00471| 0.0349 0.822 0.0814 | 0.0657 Z 4 |[0.00586| 0.0175 | 0.0281 0.856 0.0502 0.116
Y » 5 |0.00666 | 0.00497 | 0.00234 | 0.0503 | 0.729 | 0.0047 z5 | 00162 | 0.00591 | 0.00122 | 0.0263 | 0.772 | 0.0098
Y - 6 |0.00725)0.00477 | 0.0122 | 0.0039 | 0.0908 | 0.645 z-6 | 00109 |0.00852| 0.0152 | 0.0164 | 0.0443 [ 0.694
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— e - — e p——— AR (%
fi | p R F(HZ) FELA i [ B S (HZ) P FAAR (%)
3 16.880 Zhy 1%E
4 16.881 Y #h % 15
7 82407 Z#hy 15E 5 100.11 Z¥hy 25 21.48
8 82.427 Y g% 1%aE 6 100.14 Y #hy 25 21.49
9 22631 Zhy 2 5aE 7 274.63 Z % 3 5aE 21.35
10 226.40 Y ihy 2 % 8 274.79 Y by 3 5E 21.37
11 442.73 Z#h% 35 9 53140 Zih%s 45 20.03
12 443.05 Y #hy 3E 10 531.87 Y by 4 55E 20.05
13 730.76 Zihy 4 %E 11 865.12 Zhy 5 e 18.39
14 731.55 Y % 45 12 866.04 Y 0% 5 ¥aE 18.38
15 1090.1 Z#h% 5 5aE 13 1257.8 Zh% 6 5E 15.38
16 1091.8 Y #h % 5 $iE 14 12505 Y #h % 6 54 15.39
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Abstract

This paper adopts finite element analysis (FEA) and
experimental modal analysis (EMA) to obtain the
equivalent mathematical model of a FRP golf shaft,
respectively. The FE model of golf club is first
constructed considering three different material models,
including isotropic, orthotropic, and anisotropic.
Theoretical modal analysis is then performed to
determine the structure modal parameters for both
free-free and fixed-free boundary conditions. EMA is
aso performed to experimentaly extract modal
parameters of the golf shaft, including frequencies, mode
shapes and damping ratios. Based on the experimentally
measured model parameters, optimum analysis is
performed to predict the Young's modulus, Poisson ratio
and Shear modulus such that both analytical and
experimental modal parameters agree with each others,
and so forth the equivalent FE model can be validated
and further applied to other stress and vibration analysis

of the golf club with the head.



