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ABSTRACT

NVH engineering has become a hot issue due to radical technology changes and development in

automotive industry since customers’

expectations and needs for their vehicle is taken to a higher

level. However, the source identification and quantification of the road noise within a vehicle is still

not at the level where it needs to be to meet their expectations due to its’

complex transfer path

and difficulties in path optimization. The primary focus of this research is on direct force obtaining

method at suspension hard points using suspension test rig. Directly obtained forces at suspension to

body mounting points are critical and crucial for determining the effects of design changes of the

suspension has on road noise performance. Direct force obtaining method has its limitation in sensor

installation within an actual vehicle therefore, many has been indirectly calculating forces using full

matrix inversion method or dynamic stiffness method. In this study, to circumvent this limitation, a

suspension rig is used. Then, the suspension rig is verified through a comparative analysis of its dy-

namic behavior between the actual vehicle by cleat test on chassis dynamometer.
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Fig. 1 Schematic diagram of suspension rig tester
with chassis dynamometer
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Fig. 2 Experimental setup to measure the excitation
force acting on bush using force sensor

Fig. 3 Experimental setup to calculate the excitation
force acting on bush using dynamic stiffness
method

Table 1 Devices of excitation force measurement

Device name

Cleat (710 mmx25 mmx10 mm)

Device

Excitation source

PCB 260A02 ICP triaxial
PCB 356A15 ICP triaxial
LMS Test.lab 12A
LMS SCADAS 1II

Accelerometer

Force transducer

FFT analyzer

Data acquisition module
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Fig. 4 Comparison of measured forces acting on the
front left bush of front subframe between direct
measurement and dynamic stiffness method
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Table 2 Level difference of measured forces between
direct measurement and dynamic stiffness
method at the front left bush of front sub-

frame
X-direction Y-direction
Frequency AN(dB) Frequency AN(dB)
66 5.57 64 13.52
80 6.12 84 16.35
87 6.97 104 19.71
92 4.51 127 15.08
101 7.11 148 17.41
127 3.21 174 17.51
157 4.73 204 15.30
172 4.61 217 14.10
190 2.84 244 15.84
205 5.22 248 16.59
215 4.67 273 16.93
248 4.81 285 14.66
273 5.20 295 15.11
281 4.90 304 13.97
285 5.24 331 10.41
326 4.66 354 14.85
331 4.61 380 13.84
409 3.91 420 8.99
458 5.56 429 5.99
484 3.45 460 13.75
Average 4.90 Average 14.50
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Fig. 5 Schematic diagram of cleat experimental setup
for vehicle

Fig. 6 Experimental setup to calculate the excitation
force acting on bush using dynamic stiffness
method
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Fig. 7 Comparison of calculate forces acting on the
front left bush of front subframe between sus-
pension rig tester and actual vehicle

Atk 2 HaHE AMadd

Aoz AAWNY] wzel A As
3 QA FEshrh g2 HAHE w2 A4
700 Hz ©]3}<] TﬁJr-r
o)A oA AAH
ol Fuk FHolA AF —‘TL%Q X
ol de T AUtk 7RELS Fig 7914
wsh o] Fa5t ALGE 715 Hob ]
of a7t AdFE ogfd A e o
AA SAp7F WA st Ao FAEYG T ¢
A fsiA F7HAQl A9 2 ZloR A
A L B FCP T
A Aol Hsiel 7] ol A% FFoz 129
P07} SH W b ABRE WA
=6l Fig. 79 (b)Z RBH Elolo]
cavity resonance)oll &gt -o]=d] F
o] A7k @7PA 2l HAEE o

C6HE OEREE Bt % F A

mlo
>
B
ol
Ol
rir

S N -KN'
(o o

shol

o
&

£ @ fo

mx ook O Mo opf ok fff ol O of o

13

oot

112)

5. 4 E

o] ATeAE BENIZ A% A5 5
7R sle ¥OlEd sl 7FH
8l7] flstel A7HEAIE Sl éﬁﬂ

g3tk o 4AE olgdtol AL HHdkn
A ABH A Rt sl S

Takgn A daHE csd 40 39ve
FARE A8 F gl SUE TeEdE Ag
@ 5 ga qAERelA e & gdE FHH
@8 24 @] whzel el el ula A
Hu g 574

—Si 4L @ & 9k
SAT 7REI AA Ageld A4 7HE
% Aol A7 300 Hz olste] 9

TARHA debsteu 7P| 2l HAE ¢
Aok 2pge] FA| Aol = Qlste] XA} vk
o] Fakaeol 5Hz W9lel st Azl

A AFelA SATE Adel wusigle 9 7t

el A7]ellA zpel7h EAEl o d7FEA|
AA wAol FAlel 54 vl e Ais
&34 golsts oz g8 Jhed Aol Azt
e,

w1 2 (o

B

> 1o

Trans. Korean Soc. Noise Vib. Eng., 25(3) : 184~190, 2015 | 189



Yeon June Kang et al.; Experimental Evaluation of Direct Measurement for Excitation Forces Acting on ...

o] ATel & g8 = EIES KIES
nlElo 2 2rwo)2E o AiE o= 4 9
S sk glvk

7|

1o

References

(1) Park, S. G., Kang, K. H., Hwang, S. W., Oh, K.
S., Rho, K. H. and Oh, J. E., 2008, Transfer Path

Analysis and Interior Noise Estimation of the Road

Noise Using Multi-dimensional ~ Spectral ~ Analysis
Method, Transactions of the Korean Society for Noise
and Vibration Engineering, Vol. 18, No. 11, pp.

1206~1212.

(2) Park, J. H., Hwang, S. W. and Lee, S. K., 2012,
Road Noise Prediction Based on Frequency Response
Function of Tire Utilizing Cleat Excitation Method,

190 | Trans. Korean Soc. Noise Vib. Eng., 25(3) : 184~190, 2015

Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 22, No. 8, pp. 720~728.

(3) Harrison, M., 2004, Vehicle
Controlling Noise and Vibration in Road Vehicle, SAE
International, pp. 179~181.

(4) Fujikawa, T., Koike, H. and Oshino, Y., 2003,
Relation between Road Roughness Parameters and Tyre

Refinement:

Vibration Noise — Examination Using a Simple Tyre
Model, Inter-noise Congress, pp. 862~865.

(5) Heifing, B. and Ersoy, M., 2011, Chassis Hand-
book, Springer Vieweg, Germany, pp. 267~268.

Yeon June Kang is a professor at
School of Mech. and Aero. Eng.,
Seoul National Univ. He received
his B.S., M.S. degree from Seoul
and Ph.D.

acoustics from the Purdue Univ.

National Univ. for
His research interests are acous-
tical materials, automotive NVH and sound quality

of korean bell.





