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Fig.2 Two-component plate model
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Table 1 Natural frequency of plate calculated
by fixed interface method

Full Fixed Interface Method (Hz)

Mode '(:Ex AB-B3 | A10-B5 | A20-B10 | A30-B15
1 | 171.89] 171.92] 171.89] 171.80 | 171.80
2 || 27945 | 279.27 | 27920 | 279.15 | 279.15
3 | a76.42| 476.88 | 476.48 | 476.44 | 476.42
4 | 639.13| 640.11 | 639.81 | 639.50 | 639.14
5 | 838.44| 840.50 | 840.49 | 83860 | 835.48
6 | 939.90 | 942.68| 94024 | 939.92 | 939.91
7 [1122.03 [ 112587 | 1122.76 | 1122.13 | 1122.06
8 | 1198.39 [ 1202.46 | 1202.46 | 1198.71 | 1198.46
9 [1561.16 | 1613.18 | 1566.60 | 1562.00 | 1561.31
10|/ 1700.82 | 1707.61 | 1707.60 | 1701.10 | 1700.91
DOFs| 105 24 30 a5 60
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Table 2 Natural frequency of plate calculated
by free interface method

Full Free Interface Method (Hz)
Mode | FEM
(Hz) | A6-B3 | A10-B5 | A20-B10 | A30-B15
1 171.89 | 171.89| 171.89| 171.89 | 171.89
2 27915 | 279.16| 279.15| 279.15| 279.15
3 47642 | 47672 47642 | 476.42 | 476.42
4 639.13 | 639.61| 639.14 | 63913 | 639.13
5 838.44 | 839.25| 838.45| 83844 | 838.44
6 939.90 | 949.72| 940.04 | 939.90 | 939.90
7 11122.03]1148.61 | 1122.46 | 1122.03 | 1122.03
8 [1198.39[1276.74 | 1199.21 | 1198.41 | 1198.39
9 | 1561.16 | 1650.09 | 1571.28 | 1561.22 | 1561.18
10 |[1700.82 - 1721.45 | 1701.03 | 1700.82
DOFs| 105 9 15 30 45
30 Modes o /
|

Frequency Error (%)
|

Fras (A20-810)

oo

—O— Fixea (a10.85) ‘
0 P . r

(a) 30 DOFs

Frequency Error (%]
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007 _|

)

1| —©— rixediazesin

ee {A30-B15)

o -

—

(b) 45 DOFs
Fig.3 Natural frequency error comparison of plate
by CMS (w.rt. total DOFs)
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Fig.4 Composition of four components of Y-car

Table 3 The number of DOFs of Y-car

Whole Component

Structure | A B C D
Interior DOFs 1074 300 | 180 ; 288 | 306
Interface DOFs 138 36 | 114 | 72 54
Total DOFs 1212 336 | 294 | 360 | 360
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Table 4 Natural frequency of Y-car calculated by w7 BolAd e FAES HAYSEZ MASgow,
GMCMS AAEA BE ywEoz 3709 BRoZ o] o

Mode :é‘,'\; GMCMS (Hz) %ﬂ}j’iﬂi j‘j—} t, t, i} f‘f_}%lﬂ o
(Hz) 10 15 20 25 3 BrEEY EFNSE |, 23 ZH3E59
1 | 2514 | 2679 | 2600 | 2518 | 25.15 22k DAHEF Figoo] w2 BAY Mo} oy
2 | 2559 | 27.72 | 2643 | 2563 | 25.60 g] TEUEE sPon, AN 24 B i
REIE Ar: e e on IENRGS T (e A
5 | 3352 | 3507 | 3446 | 3394 | 3357 o] 1A, 23 ZRHAFFE 171.89Hz, 279.15Hzo) 9,
o [mom e Los wn ] g a1 2 e e 12
8 | 4124 | 4608 | 4328 | 4161 | 41.38 olth. WA st EHWFIt BFEEN E
9 | 4340 | 4771 | 4652 | 4405 | 43.60 2142 op|E ZE2 Fy] 9Jste, BAMEE A
0 Lose | sasT 4o | et | 411 oo s g, 1, ok 35mm, 250, 40mma 25
9 1, 22 LRAFFG THYUEE ERgoz A
. sttt &, AARSEA FA 4, b 65 HWPAY
| ,;’,;;"1 32mmz FE WA 1z, 22 2415 4E
. 2menns f 182.15Hz, 286.94HzZ golv), 13}, 23} 288 1)

A mJ BlE 127, 1082 WAl sido)
I EY LRAFSE Q92 wAske 2ol ez
P REEAA) BEEE A3 5o 18, 24, 33
P LHAFFE DFALOR 10H oJFYP AL =
HAHEFZE st 4 B FA b, , 65 AEY B
N | ek F AAMEL FA b b 0E AR
\ o 32mm2 RE HFso 1z}, 23} 33 nHAESE
U A 181.89Hz, 289.15Hz, 48642Hp2 EolE 7 9(case B)
Fig.5 Natural frequency error comparison of Y-car A ke FRFE REFYA =W HEsg
by GMCMS -
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Table 5 Comparison of object & design variables
calculated by fixed interface method (case A)

Design variable|  opiect variable (H2) | jrer
(mm) No | ETOT

t ty t3 fl f2 ¢1 ¢2 ]
tal | 32| 32| 3.2 |171.89|279.15]1.211.06] - |12.89

Target | 35 | 25 | 40 [182.15(286.94(1.27[1.08] - | -

33 [353239]407|181.85]286.181.271.08| 4 | 0.82
S| 63 [3.47[254]397]182.11|286.80|1.27|1.08] 4 | 0.17
D[ 105 [3.49]251]3.99]182.14| 286.84]1.27]1.08] 3 | 0.10
M[20-10]3.50( 2,50 4.00 182.11 | 286.87|1.27]1.08| 3 | 0.08
30-153.50(2.50]4.00| 18212 286.87|1.27|1.08] 3 | 0.07

Table 6 Comparison of object & design variables
calculated by free interface method (case A)

Design variable\ o+ variable (Hz) | hter
(mm) Error

wlt|al Al A Léa]s ™
Intal | 3.2 | 32| 3.2 |171.89]279.15|1.21]1.06] - |12.89

Target | 3.5 | 2.5 | 4.0 |182.15]286.04[127(1.08] - | -

S| 33 |3.48(252(3.98(182.14|266.78 | 1.27[1.08| 4 | 0.15
63 [3.50|2.513.99(182.10|286.87|1.27|1.08] 3 | 0.08
D| 10-5 |3.50|2.50]4.00|182.11|286.88| 1.27|1.08| 3 | 0.07
20-10]|3.50|2.50|4.00| 182.10| 286.88|1.27|1.08| 3 | 0.08
MI30.15]3.60|2.504.00] 182.11 | 286.89|1.27|1.08| 3 | 0.06

Table 7 Comparison of object & design variables
calculated by fixed interface method (case B)

Design variable| oy .ot variable (Hz) | iter
(mm) Error

hih|ts| f f2 /3 No.
Initial 3.2132]32|171.891279.15(476.42| - |17.32

Target - - - 1181.89{289.15|486.42! - -

3-3 |2.90/3.33|3.64|181.62|288.42(484.85| 2 | 1.75
S| 6-3 [|2.93{3.34{3.65(181.84]289.02486.001 2 | 0.45
D} 10-5 |2.94]3.33|3.65(181.87!289.10/486.44| 2 | 0.06
M!20-10|2.94|3.33|3.65|181.88289.14/486.49 2 | 0.08
30-15(2.94|3.33/3.66(181.881289.15/486.52{ 2 | 0.10

Table 8 Comparison of object & design variables
calculated by free interface method (case B)

Design variable ! }
(mm) Object variable (Hz) :\jir Error
hilt |t A fo f3 '
Initial 32 |32)|32|171.89|279.15/47642| - |17.32
Target - - - ]181.89|289.15/486.42| - -
3-3 2.92|3.34/3.65|181.88|288.98485.78| 2 | 0.66
S| 6-3 12.93|3.34/3.65|181.88|289.14 |486.17| 2 | 0.25
D| 10-5 |2.94|3.34|3.66|181.88|289.14|486.40| 2 | 0.02
M|[20-10(/2.84{3.34|3.66|181.88|289.14486.41| 2 | 0.01
30-15/2.94/3.34/3.66(181.88/289.14486.41| 2 | 0.02
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Object Variable Error (Z-nom)

T T T T T

3 63 10.8 28.10 3018

A modes - B modes

(a) case A

Object Variabla Error (Z-nom)

J I I T T

3. (%1 10.8 2010 20.18

A modes - B modes

(b) case B
Fig.7 Object variables error comparison
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