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Head Club Head Club

Err Err
Freg. Freq. MAC Freg. Freq. MAC
Mode | o |Mode| ok | % Mode| ¥ |Mode| ¥ | %
(Hz) (Hz2) (Hz) (Hz)

E02 |1730.7| E12 | 1726.9|-0.22| 0.974| E38 |5361.2| E43 | 5360.7 |-0.01|0.953

EO3 |1869.4| E13 | 1869.1|-0.02|0.951| E39 |5436.2| E44 |5447.7|0.21| 0.7

EO4 |2000.9) E14 1 1993.5|-0.370.984| E40 |5534.7| E45 |5534.6| 0.00 | 0.93

E05 (2285.2| E15 | 2280.3|-0.21|0.835) E41 |5693.8| E46 |5693.6| 0.00 | 0.94

EO06 |2404.7| E16 1 2404.5|-0.01| 0.98 | E42 |5751.1| E47 |5764.0| 0.22 | 0.866

EO07 |2550.5| E17 | 2551.8| 0.05|0.868| E44 |5875.4| E48 |5866.1|-0.16|0.816

E08 |2649.8| E18 | 2650.5| 0.03 |0.975| E45 |5934.2| E49 | 5905.9 |-0.48|0.563

E10 |2877.3] E19 2877.1|-0.01|0.881| E47 |6048.6| E50 |6021.4|-0.45|0.978

E11 |2943.0) E20 1 2939.2|-0.13|0.933| E48 |6124.4| E51 |6117.9|-0.11|0.817

E12 |3048.1) E21 ' 3048.5|0.01|0.971) E51 |6311.8| E52 | 6305.1|-0.11|0.982

E13 |3151.7) E22 1 3153.4| 0.05|0.961| E52 |6441.2| E53 |6439.5|-0.03|0.828

E14 |3229.8 E23 1 3231.0| 0.04 | 0.918| E53 |6489.4| E54 |6488.7-0.01|0.982

E15 [3323.6) E24 | 3325.5| 0.06 | 0.888) E54 | 6571.7| E55 | 6571.6| 0.00 | 0.965

E16 (3383.2] E25 |33855| 0.07 | 0.93 | E55 |6670.0| E56 | 6674.7 | 0.07 | 0.849

E17 |3651.5| E26 1 3641.2|-0.28|0.986| E57 |6905.0| E57 |6905.8| 0.01 |0.977

E18 [3841.4| E27 ' 3840.7|-0.02|0.951) ES59 | 7022.7| E58 |7033.9| 0.16 | 0.719

E19 (39265 E28 3916.4|-0.26|0.821| E61 |7141.3| E59 |7124.3|-0.24|0.809

E22 |4135.8| E29 4122.6|-0.32|0.958| E63 |7281.3| E60 |7273.0|-0.11|0.697

E23 |4238.1) E30 1 4238.6| 0.01|0.994) E64 | 7340.1| E61 | 7325.0(-0.21|0.867

E24 |4318.3| E31 4318.1| 0.00 |0.815) E65 | 7402.0| E63 | 7400.1|-0.03| 0.698

E25 |4384.0| E32 | 4366.4|-0.40|0.872| E70 |7868.9| E66 |7890.4|0.27 |0.742

E26 |4461.8| E33 | 4459.5|-0.05|0.996) E73 |8194.7| E69 | 8188.5(-0.08|0.734

E27 |4612.6| E34 1 4608.9|-0.08|0.977| E74 |8327.7| E71 |8320.2|-0.09|0.895

E28 |4668.5 E35 4658.0|-0.22|0.873| E77 |8644.3| E74 |8629.7|-0.17|0.537

E29 |4720.2| E36 | 4720.5| 0.01|0.949) E79 |8857.8| E76 |8874.1| 0.18 | 0.535

E31 |4835.7| E37 1 4833.9|-0.04|0.862) E83 | 9222.1| E79 | 9220.2|-0.02|0.782

E32 |4885.2| E38 4881.4|-0.08|0.971| E85 |9436.1| E80 |9435.2|-0.01|0.927

E33 [5005.2| E39 |4998.3|-0.14|0.826| E88 |9666.1| E82 | 9659.1|-0.07|0.782

E34 |5030.6| E40 1 5032.4| 0.04 |0.934| E91 | 9881.4| E84 | 9838.6|-0.43|0.646

E36 |5278.4] E41 15265.0|-0.25|0.915| E92 |9964.5| E86 |9965.8| 0.01 | 0.868
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\
| | prix o A
Face(1,1)
1181.2 | 66.82| Crown(1,3) |E26(3641.2] 3640.6 | 56.38
Sole(3,1)

Shaft-
bending

Crown(1,1)
Sole(1,1)
Crown(1,1)
Sole(1,1)
Face(1,1)
Crown(1,3)|[E26| 3641.2 | 3640.6 | 61.3 | Face(1,1) |E33/4459.5| 4459.4 |54.21
Sole(3,1)
Face(1,1) [E29| 4122.6 | 41219 |62.55| Face(1,1) |E36/4720.5| 4725 |51.82
Face(1,1) |[E30| 4238.6 | 4215.6 |59.95| Face(1,2) |E40/5032.2f 5034.4 (55.21
Face(1,1) |[E33| 4459.5 || 4459.4 |61.68| Face(2,1) |E51/6117.9| 6121.9 | 53.8
Face(2,1) |E54/6488.7| 6490.6 |52.77
Face(3,1) |E76/8874.1f 8853.1 |56.91
Face(3,1) |E79/9220.2| 9.2312 |52.64
Face(3,1) |E80/9435.2 9440.6 |55.77

LREFEZ Z NS

E10| 1726.9 | 1728.1 |68.99( Face(1,1) |E29/4122.6] 4125 |55.52

E14| 19935 | 1993.7 |63.74| Face(1,1) |E304238.6) 4228.1 |54.44
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Abstract

This work applies experimental modal analysis
(EMA) and sound measurement techniques to study the
sound and vibration characteristics of the golf club
made by the titanium club head and fiber-reinforced
plastic shaft. The club head and golf club are tested in
free boundary conditions. The structures are excited by
the impact hammer and measured by the accel erometer
and microphone, respectively, to perform vibration and
sound measurement. Both the characteristics of the club
head and golf club are compared. The outdoor sound
measurement for the golf club in practical swing is also
carried out to understand the impact sound of the golf
club. Results show that the vibration properties are
similar between the club head and golf club. The peak
frequencies of the golf club impact sound are strongly
correlated to the vibration modes. In particular, the golf
ball induced sound spectrum in the laboratory reveals
the same tendency as that in the outdoor test. This work
develops the sound and vibration measurement
techniques to study the golf club characteristics and can
be adopted for others as well. The present study will be
beneficial to the design of the golf club.

Keywords: experimental modal analysis (EMA), sound
measurement
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