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Abstract

This work aims to design a set of stainless steel pipes containing two octave musical
notes for percussion instrument. The finite element (FE) model of the pipe is constructed by
linear shell elements and performed modal analysis to obtain theoretical modal parameters,
including natural frequencies and mode shapes. Experimental modal analysis (EMA) is also
carried out on the pipe to get structural modal parameters. Base on the experimental data, the
FE model can be validated to determine mechanical properties of the stainless steel pipe. The
percussion sound of the pipe can also be measured and analyzed to calibrate the radiated
sound spectrum, including the fundamental frequency and overtone frequencies. The radiated
sound of the pipe can be interpreted related to the structural vibration modes. The FE model
can then be used to design the exact length of pipe with the correct fundamental frequency
corresponding to the frequency of a specific musical note. The two octave musical notes of
the stainless steel pipes can be designed and manufactured accordingly. The percussion sound
quality for the set of pipes is also evaluated as the percussion instrument. This work shows the
design and fabrication processes for making a set of percussion instrument by stainless steel
pipes.
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F3 174.6 134.8 134.8 175.0 -0.34 +0.34 1.58
F3'IGP 185.0 130.8 130.8 185.0 0 +0.34 0.93
G3 196.0 127.0 127.0 196.0 0 +0.34 1.11
G3IA° 207.7 1235 1235 208.0 0.14 +0.34 2.17
A3 220.0 119.9 120.1 220.0 0 +0.34 0.99
A3/B® 233.1 116.4 116.5 233.0 -0.04 +0.34 2.05
B3 246.9 113.6 1135 247.0 0.04 +0.34 1.06
C4 261.6 110.3 110.3 261.0 -0.23 +0.34 1.12
C4*IDP 277.2 107.3 107.1 277.0 -0.07 +0.34 0.63
D4 293.7 104.2 104.0 293.0 -0.24 +0.34 1.16
D4*/EP 311.1 101.2 100.9 311.0 -0.03 +0.34 0.99
E4 329.6 98.3 98.1 329.0 -0.18 +0.34 0.24
F4 349.2 95.4 95.4 348.0 -0.34 +0.34 2.31
F4*IGP 370.0 92.8 92.6 369.0 -0.27 +0.34 0.37
G4 392.0 90.0 89.9 391.0 -0.26 +0.34 0.72
G4*IA® 4153 87.4 87.4 414.0 -0.31 +0.34 0.03
A4 440.0 84.8 84.6 439.0 -0.23 +0.34 0.92
A4"IBP 466.2 82.3 82.2 465.0 -0.26 +0.34 0.23
B4 493.9 80.0 79.7 493.0 -0.18 +0.34 0.64
C5 523.3 77.6 775 522.0 -0.25 +0.34 0.25
C5*/DP 554.4 74.9 74.9 555.0 -0.25 +0.34 1.40
D5 587.3 72.7 72.8 586.0 -0.22 +0.34 1.16
D5*/E" 622.3 71.0 70.8 622.0 -0.05 +0.34 0.48
E5 659.3 68.9 68.8 658.0 -0.20 +0.34 1.01
F5 698.5 66.5 66.5 698.0 -0.07 +0.34 0.67
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