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Sound design of the structure borne sound induced by impact

Wan-Ho Cho, Yohei Asahi, Akihiko Arimitsu, Takeshi Toi

Abstract

Sound design process by modifying the excitation input was suggested as a method for impact sound. Because
the sound induced by impact on a structure can be described as a convolution of an impulse response function
of a vibro-acoustic system and the excitation function by impact process, the radiated sound is controllable by
modifying the impact excitation function without changing of the structural response. Typical waveforms of
filter in time domain can be employed as reference for selective excitation of frequency range and an impactor
should be electrically controlled to excite a complex waveform such as high and band pass filter. The selective
excitation of modal frequencies for bell was conducted with shaker system. The result shows that the
suggested approach is successfully applied for the structure with low modal density. Moreover, the
comfortable sound design of a punch press machine was conducted as an example of more practical
application. Even though the complicated structure and limitation for modifying the input function, the sound
quality of machine can be improved by combining the punching process into several steps with different stroke
speeds.
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Fig. 1 Conceptual transmission path and waveform through the transfer functions from input to auditory perception
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Fig.2 Comparison of the conceptual waveforms for each model describing force induced by single contact
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Fig.3 Comparison of the typical waveforms generated by single contact and double contacts
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() Bell with the electric exciter (b) Test setup for sound measurement

Fig.4 Experimental setup
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Fig.5 Radiated sound pressure with different excitation interval
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Fig. 6 Comparison of the SPL of radiated sound with different excitation interval
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Fig. 7 Typical shape of the filter functions
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(a) Dimension of the bell (b) Test setup to measure the bell sound excited by shaker (c) Frequency spectrum of the bell sound excited by hammering
Fig. 8 Experimental setup to measure the bell sound and the frequency spectrum
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Fig. 9 Designed excitation force to be applied to the shaker and its response
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Table 1 List of the sound samples used in the subjective test
Name Sound
1-0 Original Sound
1-A -19dB @ 134 Hz
1-B -3 dB for whole freq. range
1-C High pass filtering with 150 Hz cutoff
1-D Increasing the decay rate
1-E Low pass filtering with 7 kHz cutoff

Headphone

(@) Setup for the subjective test
Fig. 11  Evaluation setup
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BIWEL SNDEDIFE LNE T2 D720, A4 EAMIATUIEFE LWEEBZOND. ZORBRLY, —BREWEEST &R
ORGYE BB T CH, HIBUZIIHE VRN EAvsnnd. £77, REIE T2 % TP 5 A1 MG 72 5 2
LAMBIELTE D, Fig 120)3EEE &L Dz R L, MERY T WEORTT, SERCENECTOD 2 Enhd. 1B
B O A XS oy A AR LB O, ARS8 AY BT OB A AR <, ZAUTVEED ER<AThI QW AR L Bis LT

WHHDEEZHND.

Neither

Loud 1 2 3

N

5

Very Quite Slightly Nor Slightly Quite Very

6 Z Low

Orderly 1

o
o
N

Lo

L o

Z Disarrayed

Inconspicuous 1 % ? 4I' 5- 6: Z Noticeable
Thin 1 2 3 4 5 6 7 Thick
L L L N 1 1 |
Light 1 2 3 4 5 6 7 Heavy
L L L H 1 L |
Dislike 1 2 3 4 5 6 7 Like
L L L 1 1 1 |
Groan 1 2 3 4 5 6 7 Not groan
L L L H 1 L |
Quiet 1 2 3 4 5 6 7 Clamorous
L ) L H 1 L |
Rough 1 2 3 4 5 6 7 Smooth
L I L H 1 1 |
Dull 1 2 3 4 5 6 7 Sharp
L I L H 1 1 |
Beautiful 1 2 3 4 5 6 7 Dirty
L ) L H 1 1 |
Pointed 1 2 3 4 5 6 7 Roundish
L I L H 1 1 |
Cheap 1 2 3 4 5 6 7 Expensive
L ! L H 1 1 )
High 1 2 3 4 5 6 7 Low
L L L N 1 L )
Intense 1 2 3 4 5 6 7 Calm
L L L N 1 L |

Table2 Result of the factor analysis of the subjective test

(b) Questionnaire for the subjective test

Adjective pairs Comfortable Powerful Heavy
Dirty-Beautiful 0.78 -0.29 0.25
Disarrayed-Orderly 0.74 -0.28 0.15
Rough-Smooth 0.70 -0.26 033
Dislike-Like 0.70 -0.31 0.39
Noticeable-Inconspicuous 0.67 -0.48 0.19
Groan-Not groan 0.53 -0.14 0.02
Cheap-Expensive 0.53 -0.35 049
Calm-Intense -0.53 0.55 -0.34
Low-Loud -0.24 0.70 0.08
Quiet-Clamorous -042 0.69 -0.15
High-Low 0.22 -0.51 0.69
Light-Heavy 0.09 0.07 0.82
Thin-Thick 0.03 0.11 0.81
Pointed-Roundish 041 -0.35 0.67
Sharp-Dull 0.09 -0.35 0.59

Contribution ratio 26.2% 15.5% 21.7%

Cumulative contribution ratio 26.2% 41.7% 63.5%
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Fig. 12 Relation between heavy factor and comfortable factor
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Table3 List of the tested punching patterns

Punching speed Punch shape Thickness of plate
Fixed 2-A 500 mm/s Circular (radius=30 mm) 32
punching 2-B 500 mmy/s Circular (radius=30 mm) 6.0
speed 2-C 500 mm/s Squared (edge length =20 mm) 32
Same 3-A 500 mmv/s Circular (radius=30 mm) 32
punch 3-B 200 mm/s Circular (radius=30 mm) 32
shape 3-C 100 mm/s Circular (radius=30 mm) 32
] T) °
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o E
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Fig. 13 Comparison of force pulse, its spectrum, and radiated sound according to the parameters
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Fig. 14  Conceptual diagram of break-through by the punch pressing (TDC: top dead center, TP: tough point, BTP: break through point, BDC: bottom
dead center)

Table4 List of the punching patterns

Name V3 (mm/s) V4 (mm/s) BTP (%)
4-0 400 400 -
4-A 50 400 80
4-B 400 10 45
4-C 400 10 80
4D 400 5 45
4-E 400 5 80
o QO «
10} T o g
D [}
= 3 f 8
£ o Eé . g
S «f
L O aof (o}
2| N °
na [o] :C)
0 I e\ b i’ g “05 00 1000 (8
0.0 .1 0.2 0.3 04 0.5 0.6 0.7 2 Fr uenc ( HZ)
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& — M ,4-0; = = = = & =0 4A; e & ——,4-B;
— & —F—4C;— - — & —4—,4D; & —pE— 4E.

Fig. 15 Comparison of force pulse, its spectrum, and radiated sound according to the parameters with different punching patterns
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Table 5 Result of the factor analysis of subjective test comparing the sound with different punching pattern

Adjective pairs Comfortable Loud Heavy Light
Dislike-Like 0.85 -0.29 0.11 0.09
Noticeable-Inconspicuous 0.78 -0.26 0.15 023
Dirty-Beautiful 0.76 -0.27 -0.12 0.07
Cheap-Expensive 0.72 -0.09 -0.25 -0.21
Disarrayed-Orderly 0.68 -0.03 0.15 0.21
Rough-Smooth 0.66 -0.27 0.00 0.10
Groan-Not groan 0.51 -0.17 040 0.10
Calm-Intense -0.24 0.81 -0.17 -0.26
Quiet-Clamorous -0.32 0.72 -0.17 -0.29
Low-Loud -0.21 0.62 -0.36 -0.21
Sharp-Dull -0.06 -0.13 0.77 -0.11
High-Low -0.03 -0.04 0.72 -0.06
Pointed-Roundish 0.17 -0.40 0.65 -0.03
Heavy-Light 0.34 -0.34 -0.11 0.68
Thin-Thick 0.00 -0.38 -0.18 0.65

Contribution ratio 25.3% 183% 12.9% 8.1%

Cumulative contribution ratio 25.3% 43.5% 56.5% 64.6%

1.0

Comfortable

Comfortable
factor
o

Uncomfortable

-1.0% - >
15 Loud 0 Quiet 1.5

Loud factor
Fig. 16 Relation between loud factor and comfortable factor
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