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The Identification of Generation Mechanism of Noise and Vibrtaion and

Transmission Characteristics for Engine System
- The Source Identification and Noise Reduction of Compartment by
Multidimensional Spectral Analysis and Vector Synthesis Method -
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Abstract

With the study for identifying the transmission characteristics of vibration and noise generated
by operating engine system of a vehicle, recently many engineers have sutdied actively the
reduction of vibration and noise inducing uncompfortableness to the passenger. In this study,
output noise was analyzed by multi-dimensional spectral analysis and vector synthesis method.
The multi-dimensional analysis method is very effective in case of identification of primary
source, but this method has little effect on suggestion for interior noised reduction. For compensa-
tion of this, vector synthesis method was used to obtain effective method for interior noise
reduction, after identifying primary source for output noise. In this paper, partial coherence
function of each input was calculated to know which input was most coherent to output noise,
then with simulation of changes for input magnitude and phase by vector synthesis diagram, the
trends of synthesized output vector was obtained. As a result, the change of synthesized output
vector could be estimated.
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"Fig. 2 Multiple inputs/single output model for con-
ditioned inputs
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Table 1 The classifiction of reordered number of inputs in 3-inputs and single-output system at 25 Hz in

idle state

Reordered No. #1

#2

#3

Left engine mount in up
Input . .
& down direction

Left support mount of
exhaust system in front
& rear direction

Transmission mount in

left & right direction

Table 2 Values of partial coherence function and multiple coherence function at 25Hz in idle state

Input position .
Coherence function — -
At body side At engme side Relative acc.
" 0.999 0.988 09%
o 0.843 0458 0.845
s 0.618 0.704 0.966 N
B 0518 0.043 . 0092
s 0063 | 0.883 0616
Pox 0.826 0.967 "5588 """" )
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Fig. 6 Values of partial coherence function and Fig. 7 Comparison of partial coherent output spec-
multiple coherence function at 25Hz in idle trum and measured data at 25 Hz in idle state

state

Table 3 Comparison of partial coherent output spectrum and measured data at 25 Hz in idle state (dB)

Partial coherent Input position
spectrum output At body side At engine side Relative acceleration
Yi,2.39yy.2.3 34.4 35.9 34.3
Y3 1,3Syye13 23.8 25.8 23.1
75 1,29yy1.2 20.8 36.9 32.3
y2.xSyy 43.8 44.5 44.6
Measured data 44.7

Table 4 Shield effect at 25 Hz in idle state

Shielded transfer Magnitude of reduction(dB)
Shielded path .
function At body side | At engine side | Relative acc.
Left engine n?ount' in up A 3 " -
& down direction
Left support moun.t of B 19 P 29
exhause system in
Transmission mount C 24 4.8 4.7

A:Syy(f> ‘Syy(Hl:())y B:Syy<f> *Syy(HZZO); CZSyy(ﬁ '—Syy(H:i:O)
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Table 5 Sound pressure level by structural vibration of each input at 25 Hz in idle state

Inputs Equation of calculation { Magnitude of SPL (dB)
Left engine m.ount.m up & down A 44.53
directin
t t
Left support mount of e.xhau's B 1468
system in front & rear direction
T issi in left
ransm1§51on r.noun.t mn le; c 43.93
& right direction
Measured data - 44.74

yy“{(?’lzy-z.a * Syy-z,a) Eng ™ (7’12y~2,3 .

A=S
B:Syy*{ (722y-1.3 N
C=S

yy‘{ (7’32y-1,2 .

Syy-z.a) Eng (7’%-2,3 M

Syy'l.z) Eng ( 732y- 1,2 °

Syy-2,3) Body}

SYY-I,3> Body}

Syy~ X.Z) Body}

Table 6 Sound pressure level by structural vibration of each input at 107 Hz in booming state

Inputs Equation of calculation Magnitude of SPL(dB)
T . . .
ransmission I.TlO\.lI‘.lt mn pu D 64.67
& down direction
Measured data - 64.73

D=5yy—{(712y - Syy)Ene— (712y '

Syy) soay}

Table 7 The magnitude of frequency response function (H?H;S,)

No. Magnitude (dB) No. Magnitude (dB)

input Body Engine Relative input Body Engine Relative
1 64.41 64.44 62.52 10 64.41 64.44 62.52
2 64.40 64.39 62.51 11 64.11 64.39 62.36
3 64.40 64.35 62.49 12 64.34 64.42 62.40
4 64.32 64.46 62.50 13 64.23 64.45 62.45
5 64.41 64.46 62.48 14 64.28 64.48 62.44
6 64.37 64.46 62.46 15 64.21 64.43 62.42
7 64.44 64.46 62.52 16 64.25 64.45 62.45
8 64.44 64.44 62.52 17 64.27 64.40 62.37
9 64.42 64.42 62.52 18 64.29 64.46 62.48
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Table 8 The magnitude of effectiveness of each input
State Input Effectiveness
Left engine mount in up & down direction at body side 0.497
Idle Transmission mount in left & right direction at engine side -0.128
Left engine mount in up & down direction of relative accealtion 0.851
Transmission mount in up & down direction at body side -0.225
Booming Transmission mount in up & down direction at engine side 0.262
Transmission mount in up & down direction of relative accelation -0.050
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{b} SPL reduction of middle seat

Fig. 8 Syn. Vector loci of middle seat corresponding to change form mag. of LH E/G MTG. (Up/

Down direction) at body side in idle state
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Fig. 12 Syn. Vector loci of middle seat corresponding to change for mag. of LH E/G MTG. (Up/
Down direction) at engine side in booming state
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Fig. 18 Syn. Vector loci of middle seat corresponding to change for mag. of LH E/G MTG. (Up/
Down direction) of relative acceleration in booming state
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Fig. 14 Syn. Vector loci of middle seat corresponding to change for phase of LH E/G MTG. (Up/
Down direction) at body side in idle state
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(b) SPL reduction of middle seat

Fig. 18 Syn. Vector loci of middle seat corresponding to change for phase of TM MTG. (Up/Down

direction) at engine side in booming state
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Table 9 Comparison of measured pressure between before and after attaching dynamic absorber at

transmission mount position [Unit : dBA]

Before attaching dynamic absorber 82.0
After attaching dynamic absorber 78.0
Noise reduction level 4.0
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Fig. 19 Syn. Vector loci of middle seat corresponding to change for phase of TM MTG. (Up/Down
direction) of relative acceleration in booming state
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Fig. 20 Noise at the ear position of middle seat
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Photo 1 Scene of dynamic absorber attachment at T/
M mount
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