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Optimal Design of Acoustical Characteristics

of Passenger Compartment
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ABSTRACT

This study is to make the fundamentals of sound quality evaluation in regard of acoustical characteristics of
passenger compartment. The deviation of frequency response function level within audible frequency is evaluated at
receiving point in the research of room acoustics. In this study, frequency response function is the one between speaker
and driver’s ear positions. The positions of driver and audio speakers are optimized by analysis of acoustic mode of
acoustic cavity. The main reflection planes are determined by analysis sound ray path diffused at optimized speaker
positions. Finally, designer selects acoustical material by analysis of absorption effect of acoustical materials on the
main reflection planes in order to avoid to distortion and fluctuation of frequency response function..
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Fig. 2 Measurement of Frequency Response

Function

X. 1 Acoustic Mode

Natural Frequency [Hz] Mode Shape

FEM A (x,y,2)
1 172 187 1,0,0
2 214 217 0,1,0
3 275 276 1,1,0
4 288 290 0,0,1
5 303 310 2,0,0
6 359 355 0,1,1
7 371 375 2,1,0
8 400 401 1,0,1
9 420 422 2,0, 1
10 428 426 0,2,0
11 453 456 1,1
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Fig. 5 Ray Tracing for Existing Model

Fig 6 Ray Tracing for Improved Speaker Paosition
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Fig. 7 Comparison of Speaker Positions

X 2 Absorption Coefficient of Acoustical Material in
Passenger Car

sma | 7| oEE | oma | am | 20
(Ha) Glass Acryl %T\g:? Carpet gt::k’
83 0.09 0.04 0.3 0.02 Q.2
125 0.08 0.06 0.44 0.03 0.13
250 0.04 0.03 0.8 0.08 0.08
500 0.03 0.02 0.77 0.25 0.08
1000 0.03 0.03 0.88 0.31 0.08
2000 0.02 0.08 0.82 0.38 G.11
4000 0.02 0.08 0.7 0.44 0.11
8000 0.02 0.08 0.71 0.49 0.11
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Fig 8 Comparison of Frequency Response
Functions (Front Speaker)
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Fig 9 Comparison of Frequency Response
Function (Rear Speaker)
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Fig 10 Absorption Coefficient of Main Reflection
Plane (Seat)
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