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Development of Vibroacoustic Stimulation Seat for a Movie Theater Chair
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Abstract: The global movie industry is continuing rapid growth through application of the latest
technology. 3D movies are being produced and shown for a more effective viewing experience. Special
chairs for audiences are being experimentally manufactured and installed for the greatest viewing effect.
This special chair has a structure that applies vibrating stimuli to specific parts of the body by attaching
vibration transducers to theater chairs and synchronizing it with each scene of the movie. In a previous
study, it has been confirmed that we can analyze the vibration transfer characteristics of sponge seats
through the application of an experimental modal analysis method and obtain design variables easily. In
this paper, we examine the major design parameters needed in the development of a foaming sponge
seat in which auxiliary springs are inserted to improve the vibration transfer effect of a chair seat.
Through analyzing several prototypes by applying experimentation as well as the experimental modal
analysis method, it was confirmed that the effect of vibration transfer can be improved through the use

of an auxiliary member.

Key Words : Experimental Modal Analysis, Foaming Sponge Seat, Global Curve Fitting, General Viscous
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Fig. 1 The auxiliary member
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Fig. 2 The schematic diagram of foaming sponge
seat with spring
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Fig. 3 The schematic of experimental apparatus

Table 1 The properties of sponge seat samples with
and without spring

Type Hardener Mass Spring
n 1.35 k i
Is ' g O
M50
2n X
1.25 kg
2s O
3n x
1.35 kg
3s ©)
M47
4n X
1.25 kg
4s o
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Fig. 4 The frequency output characteristic of seat
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Table 2 Natural frequency of spring which calculated
by CATIA V5

Order Natural frequency|[Hz]
10.49
14.40
20.30
24.08
27.77
30.95
32.65
33.79
94.94
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Fig. 5 Impulse response of auxiliary spring
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Table 3 The ESD ratios of each points to excitation point

Type Point #1 Point #2 Point #3 Point #4 Point #5 Point #6 Point #7 Point #8 Point #9
In 8.19%  100.00%  27.08% 8.96% 49.24%  18.26% 3.97% 9.03% 8.04%
Is 43.25% 100.00% 86.35%  28.24%  51.66%  41.32%  45.67% 74.94%  66.27%
2n 14.19%  100.00%  26.35%  13.43%  46.78%  10.94% 2.53% 2.34% 1.08%
2s 30.47% 100.00% 43.87%  23.83%  49.63%  22.770% 17.64%  22.77%  15.25%
3n 7.99%  100.00%  9.04% 5.23% 46.37% 6.49% 2.66% 3.37% 2.73%
3s 43.52% 100.00% 24.13% 17.28%  49.76%  15.06%  2.64% 6.94% 2.17%
4n 13.37%  100.00%  22.37% 6.57% 40.59%  13.80% 1.81% 4.70% 5.27%
4s 21.86% 100.00% 42.59%  10.82%  41.32% 18.07%  4.71%  11.08%  5.19%
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Fig. 6 Comparison between foaming sponge seats without and with spring
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Table 4 The modal parameters of 8 samples which
were curve fitted to 4th order

Order
Type | Parameter
1 2 3 4
w,[Hz] | 314 34.8 522 80.2
In
¢ 0.10 0.12 0.10 0.15
w,[Hz] | 237 253 42.1 59.3
1s
Cn 0.09 0.08 0.06 0.25
w,[Hz] | 326 408 50.3 54.1
2n
C 0.11 0.15 0.14 0.17
w,[Hz] | 340 499 67.8 93.8
2s
G, 0.09 0.08 0.02 0.08
w,[Hz] | 259 290 422 80.9
3n
Cn 0.09 0.09 0.15 0.40
w,[Hz] | 335 58.6 62.8 80.9
3s
Cn 0.09 0.37 0.06 0.10
w,[Hz] | 305 373 437 51.9
4n
¢ 0.09 0.11 0.20 0.13
w,[Hz] | 343 512 65.5 863
4s
C 0.08 0.11 0.04 0.08
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