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ABSTRACT

In the case of performing experimental modal analysis(EMA) and finite-element analysis(FEA)
for a whole structure of automotive body that is composed of many complex parts, a trouble may arise
from the calculation time, the capacity of memory in computers and the experimental conditions, etc..
In this paper, for the vibrational analysis of automotive body model, the efficient modal synthesis
method by means of dividing the whole structure into two parts and performing EMA and FEA for each
part is studied. In addition, the method based on Lagrange interpolation is proposed for approximating
rotational degrees-of-freedom information and linking FEA with EMA. In result, by measuring trans-
lational degrees-of-freedom information of only few points and adopting only few modes, the linking
method based on Lagrange interpolation turned out to be efficient and accurate in the low frequency

range.
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Table 2 Natural frequency (Hz) of plate by simulation of 2nd order IMS
FULL Simulation(using 2nd order polynomial)
FEM Mode : 4 Mode : 6 Mode : 10 Mode : 20 Mode : 30 Mode : 50
1 4.54 4.62 | 4.58 4.56 4.54 4.54 4.53
2 28.12 28.57 28.57 28.46 28.23 28.09 27.86
3 28.38 32.57 30.37 29.40 28.37 28.19 28.14
4 79.88 84.97 32 .86 82.01 80.89 80.52 80.25
5 88.58 95.05 95.05 91.14 89.73 89.16 88.68
6 157.36 164.87 164.86 160.79 157.43 156.51 155.83
7 160.77 249.31 165.87 162.99 161.84 160.97 160.65
8 250.41 307.88 273.30 256.81 253.19 251.82 250.71
9 257.74 344.63 293.92 270.62 264.25 262.07 260.23
1
10 274.98 546.61 344 .63 282.64 278.12 277.24 4‘ 276.84
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Table 3 Natural frequency(Hz) of plate by simulation of 3rd order IMS

FULL Simulation (using 3rd order polynomial)
FEM Mode : 4 Mode : 6 Mode : 10 Mode : 20 Mode : 30 Mode : 50
1 4.54 4.63 4.60 4.58 4.56 4.55 4.53
2 28.12 28.57 28 .57 28.46 28.23 28.16 27.57
3 28.38 33.03 31.03 30.12 28.73 28.21 28.13
4 79.88 84.21 82.36 81.63 80.10 79.32 78.62
5 88.58 95.36 95.36 91.52 90.17 89.53 88.75
6 157.36 164.27 164.27 162.61 158.34 156.85 155.57
7 160.77 248.20 167.68 162.93 161.62 160.08 159.36
8 250.41 307.78 272.55 257.68 254.13 252.64 250.54
9 257.74 343.99 289.32 269.60 259.34 254.79 250,88
10 274 .98 546.56 343.99 280.01 276.15 275.41 275.14
Table 4 Natural frequency (Hz) of plate by IMS
IMS
FULL
FULL v 2nd order 3rd order
FEM TEST
Mode : 4 Mode : 6 Mode : ¢4 Mode : 6
1 4.54 4.54 4.23 4.20 4.25 4.22
2 28.12 24.95 28.91 28.91 28.91 28.91
3 28.38 30.15 33.16 30.82 33.65 31.52
4 79.88 81.69 86.73 84.62 85.95 84.08
5 88.58 84.93 98.10 98.10 98.42 98.42
6 157.36 156.72 167.00 167.00 166.39 166.39
7 160.77 163.31 252.71 169.99 251.58 171.93
DOF 576 J 220 222 220 222
350 c 350 N
a00 4 | © FULL o 3001 | © FULL .
- 250 ¢ simul. 1‘ 8 e g 250 ° 2nd ‘% g °
= 200 \ b 200
é 150 - test 8 <] 5 150 - 3rd ) o]
= 2
< 100 s 2 g 100 . 2
50 s 50 2] )
0 o8
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
mode mode no.
Fig. 5 Natural frequency comparison between simula- Fig. 6 Natural frequency comparison between 2nd &

tion and IMS

3rd order IMS
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Table 5 Specification of Y-car

Length Front width Rear width Height Weight
(mm) (mm) (mm) (mm) (kg)
Spec. 1950 720 720 550 25.55
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Table 6 Specification of experimental apparatus

Apparatus

Manufacturer & type

Specification

Impact hammer & force trans-

ducer

PCB type 086C05

10~5000tb
0.21mV/N

Power unit of impact hammer

PCB type 480E09

ICP SENSOR

Accelerometer

B & K type 4321

x : 1.009pC/ms™?
y 1 0.998pC/ms™?
z:0.991pC/ms™?

Charge amplifier

KISTLER type 5007

3 channel

Multichannel data acquisition
system

B & K type 3551A

2 channel generator

8 channel input module

Work station

Hewlett-Packard
HP715-75

Clock frequency : 7sMHz
Memory . 32MB, Disk : 2GB
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Fig. 13 Schematic diagram of the experimental set-up
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Table 7 Natural frequency (Hz) comparison of Y-car
between test & FEM

TEST | FEM Remarks

1 - 25.14 RP bending

2 24.57 25.59 * st torsion

3 25.61 26.84 % 1st bending

4 - 31.59 Torsion + bending
5 32.04 33.52 * 2nd torsion

6 - 39.53 TA bending

7 41.73 40.63 % 2nd bending
8 - 41.24 RP+FP bending

(RP : roof panel, TA : tulip area, FP : floor pan, *:
global mode)
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Fig. 14 Mode shape of 1st torsion

(2) FEM (26.84Hz2)
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Fig. 15 Mode shape of 1st bending

HZASTESEIX A 54 Al 435, 19953 ,/511



o3
ok
™

- A« wed g

MAC of Y-car T2 AR

000000
AT N®D©O

o000
owNWw

FEM

GHE 1200) & ARET 3% MEEAE 1EE
ol AP AE B

&
5
NS mEE Agstel P2 ¥AE FHar,

B2 2xkgre] shaska] HbEE Abgdla, e, Wel AxE AHEd, HAG IMSe 13}
ol & Slst 7 depi-of AFEAI} e 6709 A REE s S @ Jeded, ol #3
- 2ol el x,y, z WFSE 4om, gem¥ [aBAe] nEolng A fIeasHAN
o]zl A-A& 7Hxlste] 1 RWE] S Faleix] 3] 9 2 ARRAE /A AR AR, w3
A2 Ae-S Bskedvh Fig 18] B.7bel] Ab-8-3} mo] HlweRE 5/)e Re= a3k IMSe R
7] A8 meAde gty A3 HAAREAAES A 7F 527 A Rt e asi o] Aztel A et
Al FRe] Aol dste] veplidch AREE 7} 7L o)Ate] AR Eo| A= mrvt vlH s R sl
o] 3} H= o]FojHx el & F frat FRE7IE e, ol AFEAAAM AL

H o
U
SasiAAsae 2 gake] HAAGEe] Wl

= Beo A7t Ao AHzle] Fabag dfdo vt 9
galal A 1 gle] AtdRAo® T owbgke] @rbg & alols AdE vepll7] wiFelo), i, YL
Aste] ®Abe Assleh o) AFE 1042 Z/H17 A$INE IS A4

2) A3 A= g ArEo a{3ETol e Lxprt pase A
APEAE mEdde ¥, AER=9 ATE 5 & Falstgdoh eyl AAIY s Aste} el v
A, 10708 #3A)7)e 23tgp R B 7ksle] 42 I Holl = 6aF o]l =9 Aol @A A=A
41555 Table 8o 4] A S 3o a2 e} ok, ol EEAdS gk AEANA 10
vl skl s, Fig. 19e4) #lo® wlwslglce}, Table AT R = g APFEA}) fFFoeshwd
goll 4] DOF= a2l A 4] A48 AAfF-=44E v 7 zpo]z} Zl7] wWiFell, IMSe] R EajgAle] o]

z

: M

ty %

(a) Rear body joint (b) Floor joint (c) Front body joi'nt

Fig. 18 Measured TDOF of modal vector for interpolation

512/ 3t2 2SR E5Z8 X /A 54U Al43, 19954



3 HAFE B del o8 By

Full FEM e

(a) 5 modes used

Full FEM =
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Fig. 19 MAC comparison between FULL FEM and IMS

Table 8 Natural frequency (Hz) of Y-car by IMS

IMS
FULL FEM
Mode : 5 Mode : 10
1 25.14 23.31 22.90
2 25.59 25.82 25.74
3 26.84 28.39 28.23
4 31.39 32.36 30.68
5 33.52 34.87 34.55
6 39.53 42.48 37.41
7 40.63 44.02 42.19
8 41.24 46.55 43.99
9 43.40 57.99 47.52
10 46.46 72.59 43.36
DOF 1212 305 310
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