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( Modal Analysis of Automotive Body Model using Mode Synthesis Method )
( Kyoung-Jin Chang* , Tae-Han Jee* , Young-Pil Park** )
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Table 1 Lagrange interpolationm

order of eq. Yo

2 d

ndzor er (-3yo+dy1-y2)/2h

y=ax"+aix+ap
3rd order
-11yo+18y1-9y2+2y3)/6h

y=asx +apx +ax+ao (“Llyor18y1-9y22ys

4th order

(-50yo+98y1-72y2+32y3-6y4)/24h

2
y=ax+agpC+apxiraix+ao
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Table 2 Natural frequency(Hz) of plate by simulation of 2nd
order IMS

simulation
(using 2nd order pol
6+ | 10* | 20+
458 | 456 | 454
2857 | 28.46 | 28.23
30.37 [ 29.40 | 28.37
82.86 | 82.01 | 80.89
95.05 | 91.14 | 89.73
164.86|160.79|157.43
165.87162.99|161.84
273.30{256.81|253.19
203.92|270.62264.25
344,63 282.64(278.12

FULL
FEM

4.54
28.12
28.38
79.88
88.58
15736
160.77

25041
25774
274.98

nomial) |
30+ | 50
454 | 453
28.09 | 27.86
2819 | 28.14
8052 | 80.25
89.16 | 88,68
15651 | 1565.83]
160,97 160.65
251.82(250.71
2620726023 |
277.24|276.84

4%
462
2857
3257
8497
95.05
16487
249.31
307.88
34463
54661
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( *: The number of used modes)
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Table 3 Natural frequency(Hz) of plate by simulation of 3rd
order IMS

simulation
(using 3rd order polynomial)
6* | 10* | 20* | 30+
460 | 458 | 456 | 455
2857 | 28.45 | 2823 | 2816
31.03 | 30.12 | 2873 | 28.21
82.36 | 81.63 | 80.10 | 79.32
95.36 | 91.52 | 90.17 | 89.53
164.27 | 162.61 | 158.34 | 156.85
167.68162.93 | 161.62 | 160.08
272.55|2657.68 | 254.13 | 252.64
343.99|289.32 { 269.60 | 259.34 | 254.79
546.56| 343.99 | 280.01 | 276.15 | 275.41

(*: The number of used modes)
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4 *
4.63
2857
33.03
84.21
95.36
164.27
248.20
307.78

50 *
4.53
2157
28.13
78.62
88.75
165.57
159.36
25054
250.88
275.14

4.54
28.12
28.38
79.88
88.58
157.36
160.77
25041
25774
274.98
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Table 4 Natural frequency(Hz) of plate by IMS
IMS

FULL
FEM

454
2812
28.38
79.88
88.58
157.36
160.77

576

(*:

FULL
TEST

454
24.95
30.15
81.69
84.93
156.72
163.31

3rd order
4% | 6+
425 | 422
2891 | 2891
3365 | 31.52
85.95 | 84.08
98.42 | 98.42
166.39 | 166.39
251.58171.93

220 | 222

2nd order

4* | 6*
423 | 420
2891 | 2891
33.16 | 30.82
86.73 | 8462
98.10 | 98.10
167.00{167.00
252.711169.99
220 | 222

||| N

The number of used modes)
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Fig.3 MAC comparison between FULL FEM and simulation of
3rd order IMS

Full FEM
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Full FEM
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Fig.4 MAC comparison between FULL FEM and IMS

(a) 4 modes used

Full TEST Full TEST

(a) 4 modes used (b) 6 modes used
Fig.5 MAC comparison between FULL TEST and IMS
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Table 5 Specification of Y-car

length |front widthrear width| height | weight
(mm) (mm) (mm) (mm) | (kg)
spec.| 1950 720 720 550 2555

4.1 Yeard] fota 3y 2 JdHRGy

Ycar®] fERATHS 845 6107, A4 53570, &2}
#E 210712 RAYSAYN, WE p=7860kg/m’, BAAS
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Table 6 Natural frequency(Hz) comparison of Y-CAR between

test and FEM
TEST | FEM remarks
1 - 25.14 RP bending
2 | 2457 | 2559 *1st torsion
3| 2561 | 2684 *1st bending
4 - 3159 | torsion+bending
513204 | 3352 *2nd torsion
6 - 39,53 TA bending
7 | 4173 | 4063 *2nd bending
8 - 41.24 | RP+FP bending

( RP:roof panel, TA:tulip area, FP:floor pan, *:global mode)



Fig.6 Modeling of Y-car by FEM

Fig.7 Schematic diagram of the experimental set-up
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Fig.8 MAC comparison of Y-car between test and FEM
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Fig.10 Measured TDOF of modal vector for interpolation
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Table 7 Natural frequency(Hz) of Y-car by IMS

MS
FULL FEM —
5x 10+
1 2514 | 231 | 29
2 55 | 582 25.74
3 26.84 28.39 28.23
4 3159 3236 30.68
5 33.52 Mg | 5%
6 3953 4248 37.41
7 4063 4402 4219
8 41.24 4655 39 |
9 B0 | sim | a2
10 646 | 7259 4836
DOF| 1212 05 310

(*: The number of used modes)

Full FEM Full FEM

(a) S modes used (b) 10 modes used
Fig.11 MAC comparison between FULL FEM and IMS
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