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ABSTRACT

This paper presents a method for predicting and improving the response of the engine mount us-
ing hybrid modeling technique and Bayesian optimization. The hybrid modeling technique based on
the FRF based substructuring (FBS) theory can improve the accuracy of results and reduce the re-
quired time and cost compared to full-FE analysis using both experimental and finite element results.
Using FBS theory, a transfer function of complex system can be changed to transfer function of sev-
eral simple substructures. At this time, the hybrid modeling technique replaces the transfer function
of a specific substructure with the result of FE analysis. Using this method, it is possible to predict
the effect of the design change in the entire system by changing the CAD model design for the
substructure applied to FE analysis. Furthermore, an optimal design is proposed by applying the

Bayesian optimization technique.
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Fig. 2 Waterfall result of alternator in Z-direction
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Table1 Comparison of the time required to calculate

[HS} ola).i(b)

Analysis method| Required time for calculate [HS]o(a) i)

Full-FE 39600s

Hybrid modeling 300 s
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Table 2 Material property of aluminum and steel

Young’s Poisson’s Structure Mass
Material | modulus ratio damping density
[GPa] coefficient | [kg/mm’]
Aluminum = 5 033 0.03 2.7¢-06
alloy
Steel 210 0.29 0.02 7.9¢-06

Table3 Comparison of overall response level (applying
aluminum alloy rod, 350 Hz to 450 Hz)

OVEIAl RO Overall response level
Diameter of rod level (original dified brack
[mm] bracket) (modified bracket)
[dB] [dB]
7.5 114.7
10 119.4 111.4
12.5 108.8

Table4 Comparison of overall response level (applying
steel rod, 350 Hz to 450 Hz)

Tl TRk Overall response level
Diameter of rod level (original .
i ) (modified bracket)
[dB] [dB]
7.5 110.2
10 119.4 108.0
12.5 105.7

gAY F274d WA BEls vehd Foth
Rod= & 9707k ARGl o K5 75 Wake] 219
oAE st AAE AAEAL, AFS 75
10 mm, 12.5 mm, A& 7|& B} E?:_]ff} alu-
minum alloy Z12]31 steel?] 735l 3]
Table 2= 7t A& e] E4AE HERd 2|tk Table
3% aluminum alloy rod& AFHE-3F31& W 7+ rod9]
Agol sl #a Fakgs el dAA S W
she} 7] Hepllo A o] HA SEdES vugk A
©]", Fig. 6= aluminum alloy rod®] 7 ¥3}el] w}
g AATEEe (4 E A5 Aotk

Table 4= &Y 771] JZ.Zj 2 steel rodEAHE38}
S w AA S-S vl Zlolw, Fig 7 steel
rod®] 7] Wste] whe} A FEEe Hs] I

mm,

P

_&

),i(b) =

O(E
238 Zlolt}. o] Ea Bl FxR7 WA Al <
A rkeES] S dElS pd A2 ? A 24l

stet.

13

(b) Modified
Fig.5 Alternator bracket

(a) Original

0 100 200 300 400 500 600
Frequency [Hz]

—— Experimental [H]o(a),i()
S [Hs]axa),ub) (applying 7.5 mm aluminum alloy rod)

—————— |Hs|o(a).r(b‘/ (applying 10 mm aluminum alloy rod)

----------- [Hslo(a),ipy (applying 12.5 mm aluminum alloy rod)

Fig. 6 Comparison of [#] . in Z-direction accord-

ing the diameter of alummum alloy rod

Trans. Korean Soc. Noise Vib. Eng., 30(6) : 546~552, 2020 | 549



Seong Ho Kang et al.; Engine Mount Response Improvement Using Hybrid Modeling and Bayesian Optimization

845 surrogate model ZF-E W27 HHH S &
Aer] FANE H90l B4 Aol w9
A8 BAs= 47 HQashH, )= acquisition
function®.Z AoHET}. o] AFAE 7 da] A}
45 & expected improvement(El) <& ©]83}5]

ol 4 (5)sh 2ol AelH?,

Ellw)= Elmax(f(z)-fz"), 0)] ®)
. . . \ L + =

0 100 200 300 400 500 600 0:17]}\1 f(il' ? 6:] ZH”I—X Z}\]—ﬁ]‘ J’}— %)\— ° Z] EH 6]—
Frequency [Hz] TS 9l EIE |83k acquisition functions
——  Experimental [Hg] (0,15 @_Zﬂﬁ};q T‘:/j]'}‘—q% Eﬂ ] 1§—— 7] ko g Z] 2 Lo E7]_
——  [Hsloa),iw) (applying 7.5 mm steel rod) %_ZH UE]- 7}-—‘6—‘—/‘(‘)] O] E'_J::—_‘%_ _A ‘] % 01—111 H\’/]— A 0 E
______ [HS]D(@J-“,]_ (appl‘\fng 10 ljlm steel rod) 9/] 3&%% lgé_ —H Surrogate model O] 7§ ‘_%E]' ] 3‘1 .(‘Sl_

"""""" [Hslo(ay,i(v) (@pplying 12.5 mm steel rod) - ~
HHEA Shro] BAgE A AH R global opti-

Fig.7 Comparison of [Hs]u(a)i(b)in Z-direction ac-

cording the diameter of steel rod

N 3.2 Hjo|x|et =X SIE 0| &8 LE{Uo[H
3. #lo|X| ok &=} sam oz AHE
3.1 HlO|X|oF =5 o= XA 971] rodE ol &3l Bl FREe W
Wolat A A MEe Bas g CE AT T MEHU SudA ta g
= ATH AE = T N -
A weo A7 N :; LOOL_IO i o wbA, A2 rodd] MFRE &S A7 nhE
e ool = 23 A 9id Mol 2421 70 B4l
.59 BARE REAY FeFoR F)lsty - .
SETS black—lbox optimization —,:Zﬂéj F840% 8 ATt 970€] rod T 42l9] 47) rodE A7 3‘&‘3}1 7}
Ast 2= 9o H 7|AES g = oo]laxi et 126719 5P A& 7HE 2ol v
EETM U:] "J 7]]—1H, 331071_01]? A 7 1.0 o= o=l o]o
ob =] 6 Ao Eusk 2 ol thoo] m=Eeld A4 2gE skl s o=
22| 9] hyperparameterE 83402 Fda 4 3l o MEe . Hoo
Fbak g o)tk ol HAsto] sMAl No.1~No. 1267b4]¢} W22 “Fejelsitt. o] 2%
o 21 2 e el sl a o e SIS TS oL EE
oltjol= Hasdke BAoZ HAZS = ok, | C T ol =
o e - 7;L . o 8371 el Ho) x|t ﬂ@i}% g8 Ha =
O]E_HOH AAA] H5E HEE 7|NOoE n|A]e] ke Azato] HHe] 2aS ol Az ol
EXQrE dEHO R F43l= surrogate model S 510 o
o] 8% 99 57 23S inputl 2 0}0% surrogate modelS-

5}<%53F H acquisition functions &8 o2 570 2
FAEET FAE2 57 299 %%Eﬂ‘ﬂ“o o
inputo.Z sfo] e &5A S WS Fig 8
Hzx AA3 o9l 57 Z3(random input 1)°]l
o714 zeR“= input WE, ¢: R“>R':= feature A s B4 =) 7P wre Su s 7k
map, we R weight HE], e Mo,0%) & wEe Z3+8 3keldt Zlojm "o 3t AZ dolele
ootk o] |l M= A (4)9F ol feature  1p67) 2 oF 209 Awel 25719 dHlo|Ele] Eu}a}
map®] inner product’} width7b n¢l 7HAISE AR g Fig. 9 inputo. = AR <1e]e] %3S 2

&3, o] ‘E?Oﬂ/ﬂb 2 (3)3 o] HlolAIgE A
2

y=wlo(x)+e 3

fr 2 rle l o 1ok

F

of PSR AR A sto](random input 2) S WAT Avpoltt,
H 12 Random input 12} W3S wl AA) 2§49 <F
¢(z)T<I>(:r)—eXD(—znf @ 16% 57 207) 23] PEwoRE HA o 23

S S QA 104.7dBE 7HAE HA o 3

550 | Trans. Korean Soc. Noise Vib. Eng., 30(6) : 546~552, 2020



Seong Ho Kang et al.; Engine Mount Response Improvement Using Hybrid Modeling and Bayesian Optimization

Random input 1
115 - .

o] Ke)
@ o .
112+ © O combination of lowest
O response level
0O '] (104.7 dB, No.12)
m
109+
= o 9
OO
106 | o
103 L— e 4 L i
1st 2nd 3rd 4th 5th

Learning step

Fig.8 Learning steps to find the optimal combina-
tion (using first random input)

Random input 2
115
K3 °
112 combination of lowest
response level
o (104.7 dB, No.12)
2 109 1
- | |
° %3 (DO %
106 00 o
103
1st 2nd 3rd 4th

Learning step

Fig.9 Learning steps to find the optimal combina-
tion (using second random input)

'd

Fig. 10 Optimal modified bracket (No.12)

2R wE A TEE] Xd%ﬁé‘? A3}

pods ol ge ol

_,d
i
=,
2
tlo
W g
2L 30

Ha off
-3

%
)
:_
r&
i
> %
i)
-h
EE
a5
01“4
o
%0,
.,
o,
o

olo
it
=2
of.
ok
o Mo

—_

0 mx
ol
ol
ol
2
ful

e
o

>
T i -

oft
¥ 2 op

N

2 A

o

=3

Ho
w©eom o

ofe] 7HA B¢
sm Mtk ol Al
1318 54 921 pheES)
EvlelE] Beplo] 4 st
oHl <18 248 T4 43
_ :,LZE Zx%x—]oi

4z o g® N ok 2 2x ooff ©Lo K

r>r&£

v

ol
ot 1o
o

7

==

>
)
N
fo o

Y

mf _1>4

H e rﬂ ol
EE—H
E N
O o o)

-

9

ot
rg
1
Mz
AQ
>~

==

h=n) W vmz % oleh ol Rl
oll 21 Bl ]-L]E]- z]-ak zq;q] /\]/\Eﬂoﬂ XLQ.}\];Q 9
o, Aere] NVHEA S22 Arje] Aae)
ANA Jtell Fagk A8 W8-S FA ATHA
7 %5 Qe Aol

% 7|

o) ATE AUATH 2 A Jus1A4
ASEAT2] A9E Fall AN oM INTER-
NOISE 20200 ¥E3h U4< Bdj= 245},

References

(1) Tsai, J. S. and Chou, Y.-F., 1988, The
Identification of Dynamic Characteristics of a Single
Bolt Joint, Journal of Sound and Vibration, Vol. 125,
No. 3, pp. 487~502.

(2) Ren, Y. and Beards, C. F., 1995, On Substructure
with FRF Data, Journal of Sound and
Vibration, Vol. 185, No. 5, pp. 845~866.

(3) Liuy, L., 2003, A Frequency
Substructuring  Approach  for

Synthesis

Response
Function-based Inverse

Trans. Korean Soc. Noise Vib. Eng., 30(6) : 546~552, 2020 | 551



Seong Ho Kang et al.; Engine Mount Response Improvement Using Hybrid Modeling and Bayesian Optimization

Analyzing Vehicle System NVH Response, Ph.D.
Dissertation, The Univerity of Alabama, Alabama, USA.

(4) Jin, S. and Pai, P. F., 2000, Locating Structural
Defects Using Operational Deflection Shapes, Journal of
Intelligent Material Systems and Structures, Vol. 11, No.
8, pp. 613~630.

(5) Snoek, J., Larochelle, H. and Adams, R. P., 2012,
Practical Bayesian Optimization of Machine Learning
Algorithms, Proceedings
Information Processing Systems 25, pp. 2951~2959.

(6) Rahimi, A. and Recht, B., 2008, Random Features
for Large-scale

of Advances in Neural

Kernel Machines, Proceedings of
Advances in neural information processing systems 25,
pp. 1177~1184.

(7) Jones, D. R., Schonlau, M. and Welch, W. J.,
1998, Efficient Global
Black-box Functions, Journal of Global optimization,
Vol. 13, No. 4, pp. 455~492.

(8) Cuppens, K., Sas, P. and Hermans, L., 2001,
Evaluation of the FRF Based Substructuring and Modal
Technique Applied to Vehicle FE Data,
Proceedings
Analysis 3, pp. 1143~1150.

9) Ly, L. and Lim, T. C, 2003, Application of
FRF-based Inverse Substructuring Analysis to Vehicle NVH
Problems, SAE Transactions, Vol. 112, pp. 2006~2012.

Optimization of Expensive

Synthesis
of the International Seminar on Moal

Seong Ho Kang received a B.S. de-
gree from Ulsan National Institute

of Science and Technology in 2017.

—
-
b |

—
‘ -
search

CAE/CAT modeling method.

He is currently a M.S. candidate in
and Vibration Lab. at
Seoul National University. His re-
Hybrid

Acoustic

interests  include

552 | Trans. Korean Soc. Noise Vib. Eng., 30(6) : 546~552, 2020

Sung Soo Yang received a B.S. de-
gree from Sung Kyun Kwan
University in 2018. He is currently
a Ph.D. candidate in Acoustic and
Vibration Lab.
University. His research interests in-

at Seoul National

clude Acoustic materials.

Yeon June Kang received a B.S.
and M.S. degree from Seoul
National University in 1998, 1990.
He then receive his Ph.D. degree
from Purdue University in 1994. He
is currently a professor at the de-
partment of mechanical engineering
at Seoul National University in Seoul, South Korea,
since 1997. His research include Acoustical Materials,
Automotive NVH and Sound quality.



