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Abstract

This work combines both finite element analysis (FEA)
and experimental modal analysis (EMA) to perform
model verification for a titanium golf club head and
discusses the impact sound characteristics correlated to
vibration modes of the club head. First, the finite element
code, ANSYS software, is used to construct the FE
model and solve for modal parameters of the club head.
The EMA is then carried out to experimentally determine
the modal properties. Base on the experimental results,
the FE model of the club head can be adjusted and
validated. In experiments, the impact sound spectra are
also recorded for different types of impact heads and
studied to realize the correlation between the structural
sound radiation and vibration modes. Results show that
the FE model for the club head can be well verified in
terms of modal parameters comparison. The peak
resonant frequencies of the club head impact sound due
to different impact heads reveal different peak
amplitudes of sound pressure levels and are strongly
related to the club head vibration modes. The validated
club head FE model can be applied to further analysis for

impact sound prediction of different club head designs.
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Keywords: finite element analysis (FEA), experimental
modal analysis (EMA), vibration modes, sound radiation,
modal parameters
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E15 | 3323.6 0.105 F11 3418.1 2.84 110.839] 0.269 [ 0.682| E61 | 7141.3 0.081 F45 | 7074.3 [ -0.94{0.249| 0.063 |0.027
E16 | 3383.2 0.105 F12 3450.4 1.99 |[0.688| 0.203 | 0.387| E62 | 7246.3 0.137
E17 | 3651.5 0.18 F13 | 3655.5 || 0.11 || 0.81 | 0.554 [ 0.59 || E63 | 7281.3 0.078
E18 | 3841.4 0.094 F14 3757.2 || -2.19 |[0.819( 0.645 | 0.292| E64 | 7340.1 0.058 F47 | 72219 | -1.61(0.793| 0.04 |0.111
E19 | 3926.5 0.135 E65 | 7402.0 0.075
E20 | 4019.1 0.061 F15 3959.6 [ -1.48 [|0.956] 0.222 | 0.1 || E66 | 7491.5 0.243 F51 | 7569.4 || 1.04 |[0.516] 0.032 [0.191
E21 | 4107.8 0.08 E67 | 7554.7 0.139
E22 | 4135.8 0.077 F17 | 4170.3 0.83 [|0.933| 0.094 | 0.043| E68 | 7734.9 0.089
E23 | 4238.1 0.07 F18 | 4268.3 0.71 || 0.77 | 0.018 | 0.104| E69 | 7808.4 0.086
E24 | 4318.3 0.078 E70 | 7868.9 0.111 F55 | 8027.1 || 2.01 [|0.767| 0.001 |0.158
E25 | 4384.0 0.139 F19 | 4388.3 0.10 (|0.874] 0.107 | 0.013|| E71 | 7923.3 0.107
E26 | 4461.8 0.073 F20 | 44995 0.84 |10.691] 0.085 [ 0.043| E72 | 8077.6 0.112 F56 | 8158.5 || 1.00 |[0.839| 0.018 [0.119
E27 | 4612.6 0.09 F21 | 4544.3 | -1.48 |[0.929] 0.283 | 0.219( E73 | 8194.7 0.085 F58 | 8252.8 || 0.71 |[0.628| 0.172 | 0.1
E28 | 4668.5 0.128 E74 | 8327.7 0.071 F60 | 8374.7 || 0.56 |[0.626] 0.045 |0.001
E29 | 4720.2 0.094 F22 4746 0.55 [10.534] 0.04 [0.203| E75 | 8399.2 0.074
E30 | 4762.6 0.149 F23 | 4815.6 1.11 |[0.499( 0.066 | 0.232| E76 | 8538.4 0.08 F61 | 8462.4 ||-0.89([0.529| 0.031 | 0.1
E31 | 4835.7 0.11 E77 | 8644.3 0.121 F62 | 8607.3 || -0.43|[0.666| 0.023 |3E-04
E32 | 4885.2 0.1 F24 | 4941.6 1.15 ||0.672] 0.219 [0.001|| E78 | 8789.6 0.08 F63 | 8755.8 || -0.38(/0.656| 0.227 |0.052
E33 | 5005.2 0.101 | F25 | 5003.6 |l -0.03 |/0.727] 0.054 [0.049|| E79 | 8857.8 0.088 | F64 | 8913.3 | 0.63 ||0.687| 0.317 | 0.01
E34 | 5030.6 0.078 E80 | 8912.4 0.12 F65 | 9026.5 || 1.28 || 0.41 | 0.012 | 0.001
E35 | 5069.4 0.073 F26 5059 -0.21 ||0.703| 2E-04 | 1E-04) E81 | 9135.8 0.068
E36 | 5278.4 0.111 F28 5266.7 | -0.22 [[0.621] 0.05 [1E-04| E82 | 9200.2 0.064 F66 | 9117.9 [[-0.89| 0.44 | 0.04 |0.003
E37 | 5324.9 0.121 E83 | 9222.1 0.089
E38 | 5361.2 0.101 E84 | 9290.8 0.082
E39 | 5436.2 0.185 | F29 | 5288.9 |l -2.71]0.653| 0.02 | 0.03 || E85 | 9436.1 0.067 | F70 | 9424.8 |-0.12]/0.636| 0.001 [0.148
E40 | 5534.7 0.092 | F31 | 5572.6 || 0.68 ||0.865| 0.065 [0.175| E86 | 9491.4 0.096
E41 | 5693.8 0.087 F32 5705 0.20 [10.323] 0.044 [ 0.221| E87 | 9622.9 0.145 F73 | 9726.8 || 1.08 |[0.636] 0.08 |0.063
E42 | 5751.1 0.076 F33 5798.7 0.83 [10.702] 0.025 [ 0.001| E88 | 9666.1 0.113
E43 | 5819.5 0.1 E89 | 9701.7 0.1
E44 | 5875.4 0.074 F34 5851.2 | -0.41 [[0.936] 0.007 [ 0.003| E90 | 9730.4 0.103
E45 | 5934.2 0.113 E91 | 9881.4 0.089
E46 | 5985.2 0.104 E92 | 9964.5 0.094 F75 | 9796.3 [|-1.69([0.572| 0.04 |0.004
2 ARFREFLEIEIHEIHRE
Crown(L) | oo | 17307 | 173125| 533 | Facew1) | E20 | 40191 | 401875 | 62.26
Sole(1,1)
Crown(L) | 04 | 20000 | 2000 | 6214 | Facew1) | E22 | 41358 | 41375 | 602
Sole(1,1)
Face(1,1)
Crown(13)| E17 | 36515 || 3646.88 | 53.05 | Face(,)) | E23 | 42381 || 42375 | 70.66
Sole(3,1)
Face(1,1) | E23 | 42381 || 423438 | 56.14 | Face(1.l) | E26 | 44618 || 44625 | 60.28
Face(1,1) | E29 | 4720.2 | 4718.75] 536 | Face(1,1) | E34 | 50306 | 5031.3 | 60.65
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