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Vibration Performance of Xylophone Bars and Study
of Alternatives Involving Satoyama Hardwood Species*!

Koji MURATA*2 Kaya MATSUMOTO*23 and Masashi NAKAMURA *2

Xylophones are fabricated using valuable tropical hardwood. Considering the effect of xylophone
shape on flexural vibration, we examined the possibility of using hardwood from Satoyama as a
substitute material for tropical hardwood. Focusing on the first-, third-, and fifth-order flexural vibration
modes, we compared rosewood and Satoyama hardwood in terms of the ascending vibration region
and the damping behavior thereafter. The first, third, and fifth flexural vibrations are excited
immediately after the start of the vibration, and the third and fifth vibrations disappeared immediately.
The amplitude of the third vibration exceeds that of the first vibration and is 1.5 to 2 times larger in
the xylophone-shaped bar. The amplitudes of the fifth vibration of the rectangular and xylophone-
shaped bars are approximately 1/4 and 1/2 of that of the first vibration, respectively. The logarithmic
decrement in the first vibration of rosewood is less than that of Satoyama hardwood, and rosewood
cannot be replaced easily with Satoyama hardwood to achieve the desired vibration damping.

Keywords : vibration performance, xylophone bar, alternative wood species, Satoyama hardwood.
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Fig.1. Side view of wood specimen; (a) rectangular type, (b) marimba type, (c)

xylophone type.
R: curvature radius.
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Fig. 2. Experimental setup for impact vibration test; (a) setup for impact test, (b) impact section.
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Table 1. Mechanical properties of wood specimen obtained via impact test.
Species N Density M.C* Elastic modulus Shear modulus
(kg/m?) (%) (GPa) (GPa)
Rosewood 5 1163 + 23 14 185 = 0.8 2.19 = 0.06
Shirakashi 5 945 + 22 6.9 164 + 14 1.70 = 0.06
Konara 5 720 = 51 6.1 132 + 20 1.12 = 0.06
Yamazakura 5 663 + 18 47 146 = 1.7 120 = 0.18

*Moisture content calculated based on oven-dried weight under vacuum at 60 °C.

Table 2. Vibration frequencies of deflection vibration mode obtained via FEM analysis.

Specimen Type Species S (Hz) | f5 (Hz) f3/f1 S5 (Hz) S5/f1
Rosewood 906.6 4809 53 10296 114

Rectangular Shirakashi 945.6 5016 53 10738 114
Konara 979.6 5296 54 11081 11.3

Yamazakura 1073.0 5798 54 12140 113

Rosewood 386.8 2698 7.0 7188 18.6

Marimba Shirakashi 4034 2814 7.0 7497 18.6
Konara 414.7 2892 70 7707 18.6

Yamazakura 454.2 3169 7.0 8444 18.6

Rosewood 453.3 3695 8.2 8651 19.1

Xylophone Shirakashi 472.7 3854 8.2 9023 19.1
Konara 486.0 3961 8.2 9275 19.1

Yamazakura 532.5 4340 8.2 10162 19.1

*f1. [ and f5 indicate the vibration frequencies of the first, third, and fifth modes, respectively.
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Fig. 3. Deflection vibration mode; (a) first mode, (b) third mode, (c) fifth mode.
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Table 3. Vibration frequencies of deflection vibration mode obtained via vibration test.

Specimen type Species fif Hz) | /5 (Hz) S3/f1 f5 (Hz) S5/f1
Rosewood 925.2 4430 48 9169 9.9

Rectangular Shirakashi 9334 4363 4.7 8844 95
Konara 1025.6 4568 45 8843 8.6

Yamazakura 1157.2 5098 44 9605 8.3

Rosewood 386.5 2405 6.2 6265 16.2

Marimba Shirakashi 391.0 2316 59 5748 14.7
Konara 413.1 2428 59 5963 144

Yamazakura 459.0 2725 59 6496 14.2

Rosewood 481.6 3366 7.0 7933 16.5

Xylophone Shirakashi 4434 3259 74 7428 16.8
Konara 4777 3389 7.1 7429 15.6

Yamazakura 543.2 3769 6.9 8052 14.8

*f1. f3 and f5 indicate the vibration frequencies of the first, third, and fifth modes, respectively.
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Fig.4. Spectrogram of rosewood specimen obtained via STFT; (a) rectangular type, (b) marimba

type.
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Fig.5. Time-series variations in acceleration signal extracted from spectrogram (rosewood) ; (a) rectangular

type, (b) marimba type.
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Fig. 6. Time-series variations in acceleration signal extracted from spectrogram (shirakashi) ; (a) rectangular

type, (b) marimba type.
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Fig.7. Normalized peak level of acceleration signal based on first deflection vibration mode; (a) third vibration

mode; (b) fifth vibration mode.
Error bars indicate standard deviations.
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