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ABSTRACT

This paper describes the procedure of increasing the efficiency of experimental modal analysis and
updating the quality of FE model using the scaled commercial vehicle frame. In this study, it was found
that the experimental modal analysis could be more efficient when the measurements were made on the
areas with high kinetic energies. Such areas could be located with the aid of FE modal analysis, Also, the
number of measurement points could be decided by considering the dynamic characteristics of full FE
model. The correlation of FE model and experimental modal analysis was assessed by the differences
between the natural frequencies and MAC matrix, which is based on normal modes. These differences of
modal parameters were reduced through the sensitivity and optimization analysis of which objective
function consisted of the errors of natural frequencies and the diagonal terms of MAC matrix.
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2.3 Modal Assurance Criterion(MAC)
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Table 1 MAC matrix between the eigenvectors of the
reduced and the full model(8points)

No. 1 2 3 4 5 6
1.0000
1.059E-8

7.858E-9|6.805E-10 |1.093E-13(1.925E-3| 2.261E-7
1.0000
3.308E-9(1.235E-2

8.537E-3
0.9958
5695E-7

2.680E-8|1.584E-8| 1.273E-3

7.828E-7 |7.540E-9| 3.519E-3
0.9999
2.735E-8

8.016E-9| 1.634E-5
0.9999
2.932E—8£.973E‘8

1.015E-9}2.924E-8

1.104E-2
0.4169

2.430E-3|6.448E-9; 3.704E-9

[«P RN IR Oz I SN OV I I VIR

£.248E~9 3.816E-2| 7.633E-2

Table 2 MAC matrix between the eigenvectors of the
reduced and the full model(18points)

No. 1 2 3 4 5 6

1 {1.0000 | 5154E-8 |1.684E-8|1.932E~9|8.183E-4[4.045E-8
5.025E-8| " 1.0000
9.63ZE-9| 3417E-3
1.680E-9

[}

3.892E-3|1.496E-8|2.450E-9|4.715E -8

1.0000 |2.280E-7|1.135E-7|3.325E-6
1.668E-9 3.526E-8| 1.0000
8.204E-4|2.148E~10|3.701E-8|2.320E-8
3562E-8 (3.151E-6

1.264E-8|6.425E-8
1.0000 |2.364E-9
4.628E-8|3.450E-6; 1.0000

SO e | W

5.006E-9

Table 3 Comparison of the natural frequencies
between the reduced and the full model

Reduced model
No. rfc?dliel (frequency (Hz)/error(%))
8 points 18 points

1 585 Hz | 586 Hz / 0.2% ] 585 Hz / 0.0%
2 1089 Hz | 1093 Hz / 04% | 1091 Hz / 0.2%
3 2195 Hz | 2250 Hz / 25% | 2206 Hz / 05%
4 2363 Hz |237.7 Hz / 06% | 2371 Hz / 0.3%
5 |3139 Hz | 316.2 Hz / 0.7% | 3144 Hz / 0.2%
6 3303 Hz | 434.3 Hz / 31.5% | 333.1 Hz / 0.8%
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Fig. 3 Mode shapes from the EMA
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Table 4 MAC matrix between the eigenvectors of the
FEA and the EMA

EMA

No. 1

3 4 5 6

Freq | gq0 | 1251

2301 | 2459 | 2968 | 32565

1| 585 |0.9436 3.877E-3

9.390E-419.784E-81 687E-314.816E-3

7637E-3 09738

3.966E-43.093E-22.757E-75.706E-4

3.3 6.921E-9|1.735E-4

0.8883 |2 486E 44 3438 36.837E-8

+13.749E-3(8.598E -4

2.582E-2{ 0.9166 |1.162E-62.016E-2

63303 |7638E-4[8.121E-8

7.453E-4 8 442E-9 0.8943 0.481E-4

5| 3139 |4647E-4|2474E-4

7.984E-6 2.330E-53.794E-2) 0.8944

Table 5 Comparison  of
between FEA and EMA

the natural frequencies

Mode | Frea.(Hz)

Freq.

Pair EMA FEA crror{%)

Description

(1, 1)| 64.0| 585 -859

1st torsional mode

(2, 2)]125.11108.9| -12.95

1st lateral bending mode

(3, 4)1230.1] 236.3 2.69

1st vertical bending mode

(4, 3)| 2459| 2195| -10.74

2nd lateral bending mode

(5, 6)] 296.81330.3| -11.29

Frame bulging between 1st
and 2nd cross member

(6, 5)| 3255] 3139 -3.56

2nd torsional mode
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Fig. 5 Results of initial sensitivity analysis

Table 6 Change of design variables for each cross
member

Young's modulus Density ' Thick'rleSS
(x10" N/m9) | (x10° kg/m®) | (x10° m)

Initial {Updated| Initial |Updated| Initial {Updated

Ist | 2.07 2.07 7.85 7.85 1.00 131

2nd | 2.07 2.07 7.85 7.85 1.00 1.00

3ard | 207 | 207 785 7.85 1.00 0.80

4th | 2.07 2.07 7.85 7.85 1.00 0.84
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Table 7 Change of design variables for each joint

Young’s modulus Density Thickness
(x10" N/m®) | (x10° kg/m") | (X107 m)
Initial |Updated| Initial |{Updated| Initial |Updated

Ist | 2.07 2.07 7.85 7.85 1.00 0.86
2nd | 2.07 2.07 7.85 7.85 1.00 1.24
3rd | 207 2.07 7.85 7.85 1.00 0.80
4th | 2.07 2.07 7.85 7.85 1.00 0.90

Table 8 Change of design variables for each part of

Table 10 Difference of the frequencies between the
updated FEA and the EMA

Freqa.(Hz) | Error
EMA | FEA | (%)

No. Description

1 64.0| 653 2.03|1st torsional mode

125.1| 1249] -0.16{1st lateral bending mode
230.1| 2365 278 1st vertical bending mode

W N

2459 2385| -3.01|2nd lateral bending mode

N Frame bulging between 1st
5| 296.8) 2955 0.44 and 2nd cross member

main frame
Young's modulus Density Thickness
(x10" N/m® | (x10° kg/m®) | (x10° m)
Initial | Updated | Initial |Updated| Initial |[Updated
2.07 2.07 7.85 7.85 1.00 | 1.20
r1~S-t 2.07 269 7.8 7.07 1.00 | ‘125
507 | 248 | 785 | 746 | 100 | 114
2.07 2.07 7.85 7.85 1.00 | 080
QEd 2.07 2.07 7.85 7.85 1.00 | 0.90
o0 | 230 | 75 | 781 | 100 | 1o
3rd | 2.07 227 7.85 7.80 1.00 | 1.33
4:h 2.07 2.07 7.85 7.85 1.00 | 1.47
Table 9 MAC between the eigenvectors of the
updated FEA and the EMA
EMA
No. 1 2 3 4 5 6
Freq(Hz) 64.0 1251 | 2301 2459 | 2968 | 3255
1} 653 [0.9604 4204E-31.139E-3)3.795E-8[3.017TE-38.204E-4
F| 2| 1249 BII8E-3 0.9742 19.332E~4|1.500E-2[2.484E-7H.603E-4
E 31 2365 |LO23E-72.047E-4 09137 | 1.048E-4 4.384E-3[1.091E-7
4| 2385 BA99E-31.949E-22.556E-2 0.9371 4.148E-71.211E-2
5| 2955 (1.877TE-44.503E-78.037E-42.400E-6| 0.9012 [1.043E-3
6| 3186 {1.265E-35.636E-51.021E-4 2.250E-53.325E-2| 0.9044
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3255| 3186| -2.12|2nd torsional mode
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