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Model Updating of a Car Body Structure Using a Generalized
Free-Interface Mode Sensitivity Method

Kyoung-Jin Chang and Young-Pil Park

Key Words: Model Updating(’227]/1), Component Mode Synthesis(7 %= =3%4]), Free-Interface
Method(AH7 Al H), Modal Sensitivity(R =7 %)

Abstract

It is necessary to develop an efficient analysis method to identify the dynamic characteristics of a

large mechanical structure and update its finite element model.

That is because these processes need

the huge computation of a large structure and iterative estimation due to the use of the first- order
sensitivity. To efficiently carry out these processes, a new method, called the generalized free-interface

mode sensitivity method, has been proposed in the authors' preceeding paper.
substructuring approach such as a free-interface method and a generalized synthesis algorithm.

This method is based on
In this

paper, the proposed method is applied to the model updating of a car body structure to verify its
accuracy and reliability for a large mechanical structure.
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COMPUTE A TRANSFORMATION MATRIX AND A STATIC RESIDUAL
ATTACHMENT MODES —- q (17) and eq (20) in ref (11)

COMPUTE THE MODAL STIFFNESS MATRIX OF A SYNTHESIZED SYSTEM
— eq(32)inref(11)

MODIFICATION COMPONENT — ¢ (35} and ¢q (40) in ref (1 1)

COMPUTE A STATIC RESIDUAL ATTACHMENT MODE SENSITIVITY
—eq(8)

l COMPUTE EIGENVALUE AND EIGENVECTOR SENSITIVITIES FOR EACH
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—— 2q(2)

¥

’ ‘COMPUTE EIGENVALUE AND EIGENVECTOR SENSITIVITIES OF ]

A SYNTHESIZED SYSTEM - oq (35} and oq (40} in ref (11}

CONVERT MODAL COORDINATES INTO PHYSICAL COORDINATES
—— eq(57)inref (1)

ESTIMATE PARAMETER CHANGES USING S.V.D.
- eq(63) in ref (11)

Fig. 1 Flow chart of a model updating theory
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Fig. 5 MAC comparison between the initial FE and
the test model

Table 1 Natural frequencies obtained from the
modal testing of a BIW (unit: Hz)

Elastic| Natural
Modeshape
mode |frequency
1 27.24 Ist torsion
Ist torsion +
2 .99 .
29.9 B-pillar bending
3 42.33 Ist bending
4 49.30 2nd bending
5 52.20 rear end bending
6 55.37 rear floor bending
7 59.37 | roof + floor bending
ol
8 65.48 roof tu.llp area
bending

Table 2 Natural frequencies obtained from the
initial FE model of a BIW (unit: Hz)

Elastic| Natural
mode |frequency Modeshape
1 33.29 Ist torsion
2 39.95 Ist bending
3 47.19 2nd bending
4 4747 2nd torsion
5 56.30 front body bending
6 62.43 rear floor bending
7 64.19 roof bending
8 68.06 tulip area bending

Fig. 6 Measuring points of the modevectors
for model updating
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Table 3 Natural frequencies of an initial FE model
calculated in CMS (unit: Hz)

Mode Full FEM CMS

1 0.43 0.43

2 0.49 0.49

3 0.54 0.54

4 1.87 1.87

5 3.15 3.15

6 3.33 3.33

7 33.29 33.52

& 39.95 40.27

9 47.19 47.43

10 47.47 48.15

11 56.30 56.45

12 62.43 62.69

13 64.19 64.92

14 68.06 69.08

DOFs 19326 60
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Table 4 Updating parameters estimated in a generalized free-interface mode sensitivity(GFIMS) method

dubs ARAA REFEHE o &

3

S

-

AATFZES 2N

1141

(unit: m)
P1 P2 P3 P4 P5 P6 P7 Pg
Initial 0.1470 0.0430 0.0940 0.0170 0.0210 0.0510 0.0130 0.0230
Estimated 0.0432 0.0283 0.1925 0.0192 0.0096 0.0499 0.0356 0.0224

BdRE, & Table 39 7, 8, 93k B0 glojA,
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A debged, ol J9RE Al e =
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(a) A modification component
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Fig. 11 Substructures and updating parameters of a
BIW

Fig. 12 MAC comparsion between the full FE and
the CMS results of an initial FE model
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Fig. 15 Modevector comparison between the initial,
the curve-fitted target and the estimated
values in a GFIMS method
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Table 5 Error comparison of the natural frequen-
cies estimated in a GFIMS method(unit:

Hz)
w; s w; | doll 5
Initial 33,29 | 3995 | 47.19 6.8835
Target
(test data) 27.24 | 4233 | 49.30 | 0.4633
Modified
(testf;sg::me 4| 2747 | 4265 | 4954 0
errors)
Estimated 27.19 | 4231 | 49.27 0.5220
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Fig. 16 MAC comparison of three principal modes
between the target test and the FE model
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Table 6 Error comparison of the modevectors estimated in a GFIMS method

I 4@, 1 , I 40,1 , I 4031 taol laol 3"
Initial 0.1298 0.1643 0.2671 0.3394 0.2976
Target 0 0 0 0 0
Estimated 0.1286 0.1123 0.2112 0.2716 0.2195
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