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Low-Frequency Vibration Analysis of a Center Pillar-to-Roof Rail Joint :
Modelling Technique and Problems

A& @Y A A EX, o A ave
Y. Y. Kim, J. H. kang, S. H. Song

ABSTRACT

The modelling techniques of a center pillar-to-roof rail joint for low frequency vibration analy-
sis are examined and some fundamental problems are addressed. To develop a simplified beam-
spring model of the joint, the present work is focused on 1) practical shell modelling techniques
and 2) joint spring stiffness estimation methods. a practical model-updating method to match the
calculated natural frequencies to the experimentally determine ones is proposed, particularly focus-
ing on spot welding modelling. In joint spring modelling, the results from the model with one joint
spring are compared with those from the model with three coupled springs. Finally, some funda-
mental problems in beam-spring modelling are addressed.
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Fig.1 Detailed shell model of a center pillar
with the roof-rail joint.



Adege-22 Y 2AES ANE H4 2Py 24 61

&ul2 wdyo] H4 Ao & G 7AA
gl Ag gal-F2 Hd 2RJAE FA o
R-2zy wd3ye £Psir] A A4
A A A A Bz eFsHL Q7] dE
o, d §3% nddd B o8 8%} o
2 §3 E FAde 4d Aol Ay A9E
AAA7]7] Ha], B 437 2AHE oJ9A A
& UrheAld 23e @3o] 49tz s

AEgt pdyL o A Wege) = HY
£ Sem 7HHo 2 AdEe Q@RS dEggen
Bad 8L B F909 FAE 9 A
o 718l =S st gae CQUADS
¢} CTRIA39) ¥ 248 AM3191, 3 24
e g9 vy $3HEE Y A 2
£ (RBE2) 2 2 sk TA4A U 9 & AH-319
t}. Fig.lell vebd A4 2 d3e)A= CQUAD4
16487, CTRIA3 87/49] A8 847 ALY
t}.
2 wdd dajAde AP wasided, A
GellM= PCB Ale] 52 332} 714548 Al
L3lgon, 22 devE $2& [-Deas =2
%9 Polyrerence W& AMg-sigdvt. A
AL gt 2 YU E e E vy
o tig dex} /5 84 4 Fal= Table 1
ol A] 8] m 5} o}

Table 18] Z7Z dnud F§ wedMe
F& 2 Ao Ay Aor) & ga)she wd
HEY Bodas Agd Alo]& Relx 9t
wets sld Aag 49 AR 2HAF7
& 3 94 2UdE QA8 "art ut of
& A% ez AHs Y ol &% vd
AP T& AR 4= 9o, Alalgke] @1

Table 1 Comparison of the natural frequen-
cies for the model shown in Fig.1

Mode Type | FEM [Experiment| Error
1st Torsion | 37.5Hz | 62.7Hz | 40.2%
1st Bending { 101.0Hz | 102.6Hz 1.56%
2nd Bending| 166.5Hz | 168.0Hz 1.19%
3rd Bending | 270.9Hz | 267.6Hz |—1.23%
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Fig.2 Strain energy density distribution in
the twisting dominant mode
(freq=37.5Hz)

Fig.3 Strain emergy density distribution in
the bending dominant mode
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Fig4 Simple modification of the spot weld
modelling

Table 2 Comparison of the natural frequen-
cies for the mode! shown in Fig.1

Mode Type |[FEM(Before)]FEM(After) | Experiment

1st Torsion 37.5H: 56.6Hz 62.7Hz

1st Bending | 101.0Hz 102.7Hz 102.6Hz
2nd Bending | 166.5Hz 166.0Hz 168.0Hz
3rd Bending | 270.9Hz 270.8Hz 267.6Hz
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Table 3 Comparison of the natural frequen-
cies obtained from the shell and
beam-spring models for the center
pillar-rocker rail joint with both ends
fixed.

Mode Type Shell Beam-Spring]
Bending Mode(x-dir) | 5.15 Hz| 5.03 Hz
Bending Mode(y-dir) {17.83 Hz| 16.59 Hz
Torsion Mode(z-dir) 169.25 Hz| 69.84 Hz
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Table 4. Comparison of the natural frequen-
cies from various modelling tech-

niques.
Shell Beam-One Beam-Three
Mode Type ) . . . .
Modelling | spring modelling | spring modelling
First mode |  5.15Hz 503Hz 5.04Hz
Second mode| 17.83Hz 16.59Hz 14.68Hz
Third mode |  69.25Hz 69.84Hz 51.83Hz
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Table 5. Strain energy concentration at the
joint spring in the beam-spring
mode! for a) the center pillar-rock-
er rail joint and b) the box-beam T

-joint
Real car T-Model
Mx applied 86.8% 61.0%
My applied 99.5% 3.13%
Mz applied 91.8% 19.6%
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