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A Study on the F.E. Model Updating and Optimization for Vehicle Subframe
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ABSTRACT

This paper describes an integrated approach process to carry out pre-test, model correlation and updating
analysis on the sub-frame of a vehicle. In this study, it was found that the modal test could be more efficient

when the exciting point was selected on the area with high driving point residue. Such area could be located

with the aid of finite element modal analysis. The model correlation was appraised in conjunction with the

modal parameters between modal test and finite elements analysis. Also, the finite element model updating

was obtained the good resultant using the iteration method based on sensitivity analysis results that carried out

the variation of natural frequencies and MAC for the material properties. Finally, optimization of vehicle
subframe was carried out the analysis of core location and physical properties by tow steps.

F827]%8°] : Finite element model(3F 2.4~ Fd), Pre-test(af 1] A] &), Driving point residue(F3%5 %
) A7), Modal assurance criterion(’2% 2 gh), Mode pairing(®= %32 7]), Correlation

(%A A, Model updating(:2 49 7] A1), Modal parameter( 2=

Nomenclature

mass, or modal mass

velocity

eigenvector from modal test
eigenvector from finite element analysis
angular natural frequency

displacement

force

modal participation factor

model updating parameter
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e : residual vector

T : sensitivity matrix

H : frequency response function
[ 1 : matrix

{1} vector
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Normal Mode Analysis of F.E Model
(Calculation of Kinetic Energy)
Selecting the Measurement Points

Evaluation MAC Matrix
of Candidated Measurement
Points
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Sensitivity Analysis
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Optimization for Core Location
and Design Target
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Fig. 1 Analysis flowchart of the vehicle subframe for the
model updating and optimization
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Fig. 2 Finite element model of subframe

Kinetic Energy

Fig. 3 Sum of scaled kinetic energy from 1st to Sth mode
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Table 1 MAC matrix for candidate measurement points

No. 1 2 3 4 5
Freq. (Hz) | 190.94 | 235.32 | 290.45 | 325.26 | 377.90
1 1190.94| 1.000 | 0.000 | 0.001 | 0.000 | 0.000
2 {235.32] 0.000 | 1.000 | 0.000 | 0.000 | 0.002
3 [290.45| 0.001 | 0.000 | 1.000 | 0.002 | 0.001
4 [325.26| 0.000 | 0.000 | 0.002 | 1.000 | 0.001
5 {377.90| 0.000 | 0.003 | 0.001 | 0.001 | 1.000

Table 2 Modal participation factors from modal test

Mode No. | Freq. (Hz) Input subf:13+z
1 190.94 21
2 23532 29.9
3 290.45 29.4
4 325.26 8.6
5 377.90 11.2
A ;\

. 39(10980)

Fig. 4 Driving point residue for candidate exciting points
and test geometry
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Table 3 MAC matrix and frequencies error for initial
finite element model(Freq. : Frequency)

Modal Test Freq.

No. | 1 [ 2] 3] 47 5 |Emor
Freq. (Hz){190.66[200.76|284.561295.54340.34 (%)

F 1[190.94/0.497 | 0.637 | 0.015 | 0.004 | 0.001 | 23.42
E | 2[235.32/0.354 |0.278|0.002 | 0.128 | 0.008 | -4.89
M | 31290.45/0.014 | 0.006 | 0.001 | 0.845 | 0.000| 14.23
4325.26/0.012 | 0.006 | 0.895 | 0.004 [0.001| -1.72
51377.900.012|0.005 | 0.000 | 0.000 | 0.900 11.04%

o, Table 36l 4] ¢ 5 QA3o] 271 fr a8k 2

S ABLyele F54E T ERAA £
St 9088 & % Uk % 47)el Rl 06
SR gEtuglon] B M
o) 284 ok gluh. ek o] B o] 1§ upe]
W& 9 AE 23% RER U E ks 2 A
2o Atk B fHes A AN
BR7hASE T 5 AT B =R mEA
A3 fasa el Qojxl DHHHE o
gebol Ak AR S A ov], H®)3 2
o] WA} Weld o) 2Ae T oA
A E 2 T sk
ffEM_—flrEST
flTEST
]_ —MAC L FEM | TSt
fé“EMng‘EST
E( Zl) current = -_;IWST (8)
1 —MAC QFEH 9 ThST

AA
7h dode] GAASE BANAE AT £
Az A s ol % Mol WA o]
st 44970 Mol hE WA AL



2
o
R
iz
1Kl
=
a9
o
Jo
o
=3
2

Fig. 5 Design variables for model updating

FAE DL, AN S o] &ale] W4 Wiglgs
ersick. ot A4 A sfel olek @ Aol
§}E}:9] EF A A28 9)ste] 4(9)3) e Wt
9~] ’d 7l 4(plate flexural stiffness) 2 & o] &3}
gho] o) W sk 313ks 4 3 ok 10% Ul @
& wola lof A=k QA W glel vt

Ro] @A Ael Wk B Ao

4
1!1

9
o2 o
39#’ 4: od

o

L2

b

__J
e
i

_4“::
Mol g

Ay

_ Et®
b= 12(1 - ¢9)

Fig. 6& %7] Belo] wxl wglo] 7
e WA LA w3 f
2} Waj @l fst vl solt) wiREs
ol ol gk el sksl &5, 158 W
I WA eke] Atel o] stof
2l& 11, 18, 199] ¥ =
Vel 34 mde 9 xpr) uka
TEA =AY & AR

_—~
O
~

-

5%
]
Bl

o 4 Jx Ay o

2

NG At

ok

i~
il

it

%r

[N

‘l\l

2

>

o
!

po

o
Mo i 2

—tl—’A'
N

4

R
1>

38,

i

mlm [}
R
N
EAl
g
J=
=
jo=]
oo T
2
ox

EF FYRde] BgAE

T 2.4 3% 01 —8}&’. MAsn wd
Fafol o] &t
A 8- 4=l e, zl Y FEaan

Do) b Wyt 3 {F 9] 22} Table

IS

!
T o ox

2 o
(o] :_0‘_‘;
ih
N
T
o,
=
§
b

l‘

s g Y13
— o Natural freq. 1
—e.MAC(LD)  _..._MAC(22)

—a— Natwnal freq. 2

Fig 6 Sensitivity results of initial finite element model

Table 4 MAC matrix and frequencies error for final up-
dated finite element model

Modal Test

No.
Freq. (Hz)

| 2 3

4

5

190.66200.76284.56

295.54

340.34

Freq. W
Error
(%)

1191.25

0.823]0.034 | 0.006

0.006

0.00t

0.31

202.22

0.0130.805 | 0.003

0.001

0.002

0.73

Zm ™

0.000 | 0.003 | 0.883

0.037

0.006

0.67

294.03

0.003 {0.002:0.044

0.848

0.017

-0.51

2
3286.47
4
5

335.920.002 0.0030.002 | 0.037 | 0.878 -1.30
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Fig 7 Shape of the core for the design change

Table 5 Optimization analysis condition for updated design

Item Condition
Objecti e .
fuﬂl cti(l)‘rlle minimization (weight)
Constraint | 1st natural frequency > 210Hz
Design | 18EA core thickness 0.1 <t < 5mm, initial
variables | value = 1.0mm, out diameter of core = 14mm
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Fig. 8 Optimal core location for the initial and updated

models

Table 6 Comparition of natural frequency between up-
dated design models

Frequency (Hz)
No.| Initial | No updated Updated
Test
test model model

1 | 190.66 227.85 220.61 222.01

2 | 200.76 236.90 241.57 239.54

3 | 284.56 291.15 331.24 299.43

4 | 295.54 326.16 339.37 340.78

5 | 340.34 381.52 381.71 386.12
Core Location|9,10,15,16,17,18)5,6,15,16,17,18(5,6,15,16,17,18
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