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Vibration Analysis of CFRP Golf Club Shafts Considering
the Coupling Effect

Kin’'ya MATSUMOTO*', Masaru ZAKO and Norio MATSUMOTO

**Mie University, Fac. of Education, Kamihama-cho 1515, Tsu, Mie, 514-8507 Japan

An FEM eigenvalue analysis program for such sheet winding products as CFRP golf club shafts
is developed. A new cylindrical beam element is formulated considering the coupling effect between
tension and torsion for anisotropic materials. In order to verify the coupling effect of the presented
method, composite cylindrical cantilevers are analyzed. And the non dimensional torsion by the
axial tension of the beam element model is compared with a shell element model. And the influence
of coupling effect on the natural frequencies of CFRP golf club shafts is evaluated for various fiber

angles by eigenvalue analyses.
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Fig.1 Co-ordinate system of laminated composite
cylindrical beam elements
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Fig.2 Local co-ordinate system of cylindrical beam model
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Table 1 Elastic parameters of CFRP cylindrical beams 0

Tensile moduli Er , GPa 150.0
Er 10.0

Shear modulus = GLT , GPa 15.0

Poisson's ratio VLT 0.25
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Fig.4 Relation between rotation and fiber orientation of
CFRP cylinders
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Fig.5 CFRP golf club shaft model
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VINTTALETAOHNBRLOFRBEO Dy SV 7 Table 2 Material parameters of CFRP golf club models
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EFEEOEGMEELRTLOLEELS. Shear modulus  Gir , GPa 11.0 79.2
Poisson's ratio VLT 0.3 0.3
5. &0 Density o ,kg/m' | 1600. 7860.
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Fig.6 Natural modes of CFRP golf club shaft
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