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Restitution Performance and Vibration Properties
of Dakekanba (Betula ermanii) Baseball-bats*!
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In our previous study, the wood from the dakekanba tree (Betula ermanii), which is native to Japan,
was found to be a material suitable for baseball bats. We hypothesized that the ‘tapping sound’ of a
dakekanba bat is related to the grain angle (SoG, slope of grain) of the wood. In this study, we
examined the vibration properties of dakekanba bats and investigated the effects of SoG on the
vibration properties. Additionally, we measured the ball-bat coefficient of restitution (BBCOR) of the
dakekanba bat and other bat types. The primary natural longitudinal vibration frequency was found to
be related to the SoG and correlated with the function of grain angles derived based on the orthotropic
elastic theory. The tapping sound may be a useful factor for evaluating the performance of a baseball
bat. When a ball impacted the bat at 120 km/h, the BBCOR of the dakekanba bats was higher than
that of both the maple and ash bats. Moreover, the loss tangent of longitudinal vibration exhibited a
negative correlation with the BBCOR of the dakekanba bats in comparison with the other bat types.
Loss tangent reflects energy loss in vibration. Thus, it can be concluded that the energy loss that
occurs during ball impact may affect the restitution performance.

Keywords :  baseball bat, dakekanba, vibration property, SoG, BBCOR.
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Fig.1. Schematic of apparatus used to measure
longitudinal vibration.
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Fig.2. (a) Air cannon testing system for Ball-Bat
Coefficient of Restitution (BBCOR), (b) sabot to
fire a ball, (¢) collision and speed measurement
section. A wooden bat imitation is shown for
demonstration.
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Table 1. Primary natural frequency and SoG of baseball-bat specimens.

Primary natural

Species N Weight frequency tan o TrueSoG
(g) ?Hz) (degree)
Ash 1 886.7 2430 0.0250 50
Maple 1 865.6 2423 0.0146 1.0
§ 8795 2583 0.0141 36
Dakekanba 20 +265" +64° +0.0038° +22°
Min. 830.5 2453 0.0107 1.0
Max. 916.0 2684 0.0257 78
*standard deviation.
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Fig. 3. Relationship between slope of grain (SoG) and
primary natural frequency. circle : measured
data, line : fitted curve.
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Fig.4. Relationship between primary natural
frequency in longitudinal vibration and BBCOR
of baseball bats. BBCOR is the average of
three collisions at 120 km/h.
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Fig.5. Relationship between loss tangent (tand) in
longitudinal vibration and BBCOR of baseball
bats. BBCOR is the average of three collisions
at 120 km/h.
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