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Identification of Transfer Characteristics of Engine Noise by
Multi-Dimensional Spectral Analysis
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ABSTRACT

With the advance of the standard of living, the demand on automobile goes beyond the simple

transportion equipment, therefore the interior noise reduction has been the important factor for im-

provement of the ride quality. Idling noise is a major vehicle characteristic determining occupant

comfort. In the present research two approaches for noise source identification based on theory for

multi-input system have been investigated. The concept of the frequency response function and

the multi-dimensional spectral analysis were used to estimated the spectra of the noise source
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Table 1 Value of partial coherence fL;nction
at peak frequency 30.2Hz(dB)
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Table 2 Value of partial coherence function
at peak frequency 60.4Hz(dB)

Seat Input , . . , Seat Input \ . \ \
No Position Tiy2aa(Tyvase|Tav2a4|T4y.23.4 No Position Tivaaa|Tiyesa|Tayese|Tiaia
1 Engine side | 0.617 | 0.370 | 0.419 | 0.456 ! Engine side | 0.412 | 0.319 | 0.168 | 0.384
Body side | 0.591 | 0.478 | 0.168 | 0.384 Body'side | 0.280 | 0.356 | 0.051 | 0.614
5 Engine side | 0.433 | 0.322 | 0.283 | 0.192 9 Engine side | 0.261 | 0.370 | 0.478 | 0.403
Body side | 0.891 | 0.303 | 0.478 | 0.615 Body side | 0.510 | 0.447 | 0.236 | 0.279
3 Engine side | 0.351 | 0.188 | 0.279 | 0.314 3 Engine side | 0.161 | 0.455 | 0.452 | 0.492
Body side | 0.619 | 0.622 | 0.475 | 0.565 Body side | 0.295 | 0.553 | 0.404 | 0.553
. Engine side | 0.598 | 0.336 | 0.458 | 0.356 s Engine side | 0.394 | 0.345 | 0.572 | 0.380
Body side | 0.207 | 0.607 | 0.776 | 0.513 Body side | 0.292 | 0.672 | 0.442 | 0.520
Engine Side Body Side Engine Side Body Side
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Seat #1 Saat #1
Seat #2 Seat #2
Seat #3 Seat #3
Seat #4 Seat #4

Relative Rank
larger smagar

(a) at 30.1 Hz

Relative Rank

fargor

(b) 60.4 Hz

Fig.9 Comparison of partial coherence function value at each peak frequency
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Table 3 Overall level of residual coherent
spectrum at each seat (dB)

Seat I t

ol AlB|c|oD
No Position
Engine side | 60.64 | 50.27 } 53.51 | 54.13
Body side | 59.42 | 57.74 | 51.31 | 52.06

Engine side | 59.83 | 52.14 | 49.07 | 60.12

1

2 Body side | 53.99 | 59.14 | 51.89 | 55.90
3 Engine side | 58.83 | 50.24 | 53.63 | 51.27
Body side | 57.22 | 57.75 | 52.03 | 55.04
'4 Engine side | 57.52 | 49.87 | 50.25 | 51.49
Body side | 55.26 | 52.88 | 54.85 | 50.18

where,
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D=[7022(PSy 250N

S ETRCE RS

FHAAM 713 =4 YERGD, A0S 9Y #1
o AH&Y 2FX(seat #1, #4)lX Y #2
7t &8 F(seat #2, #3)olA 7% & &4y
#*e 2y

44 FEe| SEYHY S0l ozt Bt

2] F3d AANAM ST ez 7Y
o L, AdlAMe] FYREE AA e L/
SHoEA EF 93¢ @E 20T € W,
AEol +HoE Adde duE BYHAER
Fig.110] vehfgich.

olstto] AFol Nf{H FFAEPFTE Bl

Body Side
2 3 4

Engine Side
12 3 4 1

Seat #1

Seatz2 X

Seat 43

Seat #4

Reiative Rank

largar smalaor
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Table 4 Qveral lavel of sound by structursl
vibration at each seat(dB)

Table 5 Qverall level contributions estimated
by shield effect(dB)

Seat No.| A’ B’ C’ D’

1 67.64 | 75.73 | 66.06 | 66.19

Seat Input
ea nr.)"'l A r B ” Cﬂ D .
No Position

2 61.13 | 73.99 | 69.81 | 62.77
3 64.77 | 73.64 | 64.78 | 70.15

4 64.38 | 69.60 | 71.24 | 65.96

where,

A =[S0~ 135 NSnzs (DA
~ a3 DS 25N s,

B = [0 1 [ 1154NSp15 (NP e
= 1115 DSp 154N AP,

C'= [ SN~ [ 101240 P S0 240N
~ [ T2 D812 NP s,

D= [ S0~ [ Frs25NSn12 (N
~ ([ ronas(HSaral DAfua),

Seat #1

Seat #2

Seat 43

Seat #4

Relative Rank
larger smallar

Fig.12  Comparison of the rank of sound by
structural vibration at each seat posi-
tion

Engine side | 77.49 | 67.51 | 72.05 | 76.06
Body side | 73.57 | 69.79 | 71.33 | 74.33
Engine side | 77.64 | 69.51 | 70.18 | 66.05

1

2 Body side | 77.31 | 69.17 | 71.03 | 3.39

Engine side | 77.50 | 69,72 | 70.44 | 77.11

8 Body side | 72.04 | 68.45 | 70.03 | 72.87

Engine side | 72.75 | 67.05 | 67.54 | 72.70

4 Body side | 68.89 | 69.22 | 69.98 | 70.06
where,

S,(N=2 3 HP HN SKH
A= [ s,(Hm=0df
B = [ 8,(H=0df
C= [ Sy (H=0)d
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Fig.13 Comparison of integrated level by
shield effect
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