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Fig. 1 The layout of relays in the battery pack
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Tab.1 Comparison between the sound pressure level at the

four measuring points
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wEARE TIPRE
A, 64. 38 74,44
A, 60. 10 71.14
B, 60. 37 71. 20
B, 65.09 76. 62
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Fig. 2 The installation of relay in the battery pack
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Fig. 3 The noise spectrum of the relay B, in hanging state
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Tab. 2 The natural frequency and modal shape of the battery

pack
B AR/ WEEAR/ AR/ RS
Hz Hz % P A
462 450 2. 60
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Fig. 4 Frequency response function
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Fig. 5 The vibration spectrum of the fulcrum and the

shell
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Fig. 6 The improvement in the installation of relay in the

battery pack
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Fig. 7 The curve of transmissibility
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Fig. 8 Frequency response function before and after im-

provement
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Fig. 9 The vibration spectrum of shell before and after

improvement
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Tab.3 Comparison of vibration acceleration in the resonant

= RS R T B3R 30

It

frequency of relay B,

MR A IR B 2 S W AR s TR
COMEE/(mes T HE/(mes ) HAW/Y%

150 0.023 0. 004 82. 6

2 200 0. 050 0. 020 60. 0

2 750 0.081 0. 007 91.3
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Fig. 10  The noise spectrum of the relay B, before and af-

ter improvement
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Tab.4 Comparison of noise amplitude in the resonant fre-
quency of shell
F/H 5 BE i I R BRI N RRIEEE/
R e/ dB fR@{6/dB dB
450 56.0 31.6 24.4
2 200 47.3 33.2 14.2
2 750 51.8 34.8 17.0
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Tab.5 Comparison of sound pressure level before and after
improvement of the installation
5 5 HE i 9 Bk 5
N 7 E%/dB(A) 7 EY/dB(A)
R Tewn wmw mm o
A, 64. 38 74,44 53. 44 68. 64
A, 60. 10 71.14 50.03 65. 40
B 60. 37 71.20 50. 15 65.62
B, 65.09 76.62 54.18 70.76
3 & it

1) FL b P 4 F e 119 4 3 8 el M 5 4 ) IR
He T A 1B 2 24k L 05 RO 1) v B T AL AT BT R
FEPRILAR IF 1] H1 5 55 I A R it B R A R R
KR

2) FEH LT O AR R B 1% b B AR O BT Y
— IR P JE i IR 1 AR e 3t i i 1 4k R 8 P AR Y
PRl fE A b S BT T IR AS R, s G T

PHPFET L6 dB R g B BHRET
M RS AR TR AR TR 11 dB. 3k B T AR B 0 B
MR

z % X ik

[1] Mosquera-Sanchez J, Sarrazin M, Janssens K, et al.
Multiple target sound quality balance for hybrid elec-
tric powertrain noise [ J]. Mechanical Systems and
Signal Processing, 2018, 99. 478-503.

[2] Echeverria I, Arteche F, Iglesias M, et al. Common
mode noise propagation and effects in a four-wheel
drive electric vehicle [J]. TEEE Transactions on Elec-
tromagnetic Compatibility, 2018, 60(1). 132-139.

(3] VL, 72080, 0 2 W, 46 MR} F Y 9 42 0K 2l o L=

BT 4R 8 il 5 12 Wi, 2008, 28 (1)
5-8.
Cai Jianjiang, Zuo Shuguang, Liu Xueming, et al.
Optimization design of fuel cell car’s driving motor
mount [J7]. Journal of Vibration, Measurement & Di-
agnosis, 2008,28(1): 5-8. (in Chinese)

[4] Lin Fu, Zuo Shuguang, Deng Wenzhe, et al. Model-
ing and analysis of electromagnetic force, vibration,
and noise in permanent-magnet synchronous motor
considering current harmonics [J]. IEEE Transactions
on Industrial Electronics, 2016, 63(12): 7455-7466.

(5] T8 & . 22086, M 5 0, 46 5L 25 8 e 48 Bl S 3 etk

O RARE b 37 ZE R 0 (. Bk 3h . 3k 5 12 W, 2011,
31(3):339-343.
He Liichang, Zuo Shuguang, Shen Xiumin, et al.
Noise reduction based on frame improvement of air-
condition of fuel cell vehicle [J]. Journal of Vibration,
Measurement &. Diagnosis, 2011, 31(3): 339-343.
(in Chinese)

[6] Shang W, Yan Y, Shi H. Noise identification and
fault diagnosis for the new products of the automobile
gearbox [ C] // IEEE International Conference on In-
dustrial Engineering and Engineering Management.
Hong Kong, China: IEEE, 2009.

[7] Kadmiri Y, Rigaud E, Perret-Liaudet J, et al. Experi-
mental and numerical analysis of automotive gearbox
rattle noise [ J]. Journal of Sound and Vibration,
2012, 331(13) . 3144-3157.

[8] Brecher C, Schroers M, Loepenhaus C, et al. Experi-
mental analysis of the dynamic noise behavior of a two-
stage cylindrical gearbox [J]. Production Engineering-
Research and Development, 2017, 11(6). 695-702.

L9] #& A i 53 . ST 4 . JH 38 25 /0N D 73 46 1AL 31 9 AR AL
MR R LT ], WT VL 22 i T2 R, 2006, 40 (3) £ 404-



1354

/) N

G g

i %39 %

[10]

[11]

[12]

[13]

[14]

[15]

407,428.

Yang Jincai, Hao Zhiyong, Jia Weixin. Using continu-
ous wavelet transform to identify internal combustion
engine sound source [J]. Journal of Zhejiang Universi-
ty: Engineering Science, 2006, 40 (3): 404-407, 428.
(in Chinese)

BRI e 5 T AR S 3R R BURROE B &
LI AR B [T ). Pk 3l 15 b ik, 2013, 32(23) . 75-
81.

Chu Zhigang, Yang Yang. Noise source identification
for an engine based on FFT-non-negative least square
(NNLS) deconvolution beamforming [ J]. Journal of
Vibration and Shock, 2013, 32(23). 75-81. (in Chi-
nese)

INERAN AR L B 45 R L AL R F R ORBOR 1Y & gl HL R
PRSI T L) ] VR4 LA . 2014,36(1) :48-50,106.
Sun Songsong, Li Zhiyuan, Lu Yimin, et al. A study
on the noise source identification of engine based on
sound intensity technique [J]. Automotive Engineer-
ing, 2014, 36(1): 48-50,106. (in Chinese)

Wu Shuanglong, Zuo Shuguang, Wu Xudong, et al.
Vibroacoustic prediction and mechanism analysis of
claw pole alternators [J]. IEEE Transactions on In-
dustrial Electronics, 2017, 64(6) . 4463-4473.

BB A B SR S BB E R R R &
2R A RS LT, R 3 K 5 12 W7, 2009, 29
(3):261-265.

Shen Xiumin, Zuo Shuguang, Cai Jianjiang, et al. Dy-
namic analysis of hydrogen auxiliary system structure
of fuel cell vehicle [J]. Journal of Vibration, Measure-
ment & Diagnosis. 2009, 29(3): 261-265. (in Chi-
nese)

TR T B R TR. AET AR AR RS SR R
HLAR GE e PRI WF5ELT 1. b B Bl L AR 4% 42 . 2008,
28(30) :109-112.

Zhang Chengning. Wang Zaizhou., Song Qiang. Re-
search of noise source identification of traction motor
system for electric vehicle based on microphone array
[J]. Proceedings of the CSEE, 2008, 28 (30): 109-
112. (in Chinese)

Angrosch B, Ploechl M, Reinalter W. Mode decou-
pling concepts of an engine mount system for practical
application [J]. Proceedings of the Institution of Me-

chanical Engineers Part K-Journal of Muti-Body Dyna-

[16]

[17]

[18]

[19]

[20]

(21]

(22]

mics, 2015, 229(4) . 331-343.

SR L P2 B ML TR DR L E R B9 20T 4 Bl
J1 RN B R AR e 0y O B [T ). ¥R T, 2007, 29
(6):507-510.

Tang Xinpeng, Zhou Yao, Zhang Yingxiong. A simu-
lation on the vibration isolation performance of truck
powertrain mount based on virtual prototyping tech-
nology [J]. Automotive Engineering, 2007, 29 (6):
507-510. (in Chinese)

Lee J, Singh R. Critical analysis of analogous mechan-
ical models used to describe hydraulic engine mounts
[J]. Journal of Sound and Vibration, 2008, 311(3/
5): 1457-1464.

Choi S, Song H. Vibration control of a passenger ve-
hicle utilizing a semi-active ER engine mount [J]. Ve-
hicle System Dynamic, 2002, 37(3):193-216.

A AR SRR ML B ) MR R SR P M e A
(V. 4% 3h 55 ik . 2016,35(1) :23-27.

Wu Jie, Li Shi. Optimal design for vibration isolation
performance of a loader’s powertrain mounting system
[J]. Journal of Vibration and Shock, 2016, 35(1).
23-27. (in Chinese)

IR R, BRI R SR B R G R R 1k
REARALLT]. ARBLA 41 . 2010, 28(3) :269-274.

Fan Ranglin, Wang Jianzhong, Lii Zhenhua. Vibration
isolation optimization for automotive engine mounting
system [ J]. Transactions of CSICE, 2010, 28 (3):
269-274. (in Chinese)

Gent A N, Meinecke E A. Compression bending and
shear of bonded rubber blocks [J]. Polymer Engineer-
ing and Science, 1970, 10(1). 48-53.

Lindley P. Engineering design with natural rubber
[M]. 4th ed. London, UK :The Malaysian Rubber
Producers, 1974:1-9.

E—EFEB N WM. 5 .1993 4 8 /]
AL E . FEAR DT M oA EE M
YK AL NVH Kl
E-mail: slhu825@163. com

(£ 39BHL)



WM T+ 45 o 5 T 4% 3o B AR A ) 2 T L it A A




