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Abstract

Component mode synthesis (CMS) method can be divided into free, fixed and hybrid interface

method according to each component’s connecting conditions. In this paper, major mode synthesis

methods were reviewed and their accuracies were examined by comparing the calculated
eigenvalues with those from full finite element (FE) model. Also, CMS is expanded into the
coupling between finite element (FE) and experimental model. Since the assumed experimental

data seldom have slope information, the slope information at the interface points is prepared by

curve-fitting of the calculated values. A simple beam structure is tested to show the effectiveness
of the above method, and we found that it can improve the accuracy of the synthesis method in
calculation, expecially in the low modes.
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Fig. 1 Model configuration of a beam and a plate



o} wlazstglct

41 22 Ix gM¥Ee nwx §4 %

QAES FEO WE JE

Table 12 ofxt 7Y Z 2749 842 TE3)
of $Ase A5 AHEAQ FET2EAUES
afx AEE LA, 7|4 A F HF
AfEE 100] H=E sk, FaEd (10) 04
9} 7ol AR AA FAHolA HFE dde Azt
o A4 dARe slwels HFEE Fadd, o
5 st AA 849 AAYA ¥ 1
z AL sl gAskE W (method 3) &

i

g )
vebd uhet zte] A3 Fd (6)
o4 watm e AF AA T4 (method 2) 2
3 Ax 2 vedFth, & AulA 2
FAFFAAE o 3.6%, FHAE o 5%, A4
Ae o 0.76% A= o FBFE A "}, o]
o] method 29| ¢ at& AlWa oo 74 A

Lorie

25 49 2o GAol Y 97 803
& 300
g ——  Fint mode
ﬁ - Zecond mode
200 —— ; Third mode
—_— :unh mode //‘-\ N

0.0 L 1

location of component interface

Fig. 2 Natural frequencies comparison of CMS
according to the location of component inter-
face (Apply free interface method having

6DOF, finally)

A vebEd, o] dAAe] A Bfcl Fig. 32 method 304 #Hsle) Fx Ag =zt
Aol =7 wiEol, Aol A F3 dZAFe WY 2H= A
FErz g ol gsE LRA AL A e e, 23 AL dARY Je] 2o
AA A A FEshe 2459 AAA A o sigse g v 2Fo FE HAL B
# =3 wze Bee waldh Fig 1@9 2% o 23 9o oT $ye Uudoz FxE A
F A gxz FESE dAd AT BT, A9 $ife] F2 A me=o] AFH] Jeht
Fig. 2014 247kl A7 F8i7t =%=4e] He oz A 249 93F& 9o 2ol FA A4
Table 1 Natural frequencies comparison for fixed beam (unit : Hz)

Methods [1] (2] (3] (4] {5] [6]
Total DOF 24 10 10 10 10 10
Modes FEM | CMS |Error | CMS |Error| CMS |Error| CMS |Error | CMS | Error
1st 166.697 { 172.843 | 3.686 | 166.698 | 0.000 | 166.698 | 0.000 | 166.699 | 0.001 | 166.699 | 0.001
2nd 459.565 | 482.986 | 5.096 | 459.582 | 0.004 | 459.568 | 0.001 | 459.607 | 0.009 | 459.606 | 0.009
3rd 901.189 | 908.383 | 0.798 | 901.531 | 0.038 | 901.247 | 0.006 | 901.202 | 0.001 | 901.202 | 0.001
4th 1490.61 { 1630.09 | 9.357 | 1490.89 | 0.019 | 1491.86 | 0.084 | 1492.14| 0.103 | 1492.14 | 0.103
5th 2229.24 | 2288.48 | 2.657 | 2234.48 | 0.235 | 2234.76 | 0.247 | 2233.92 | 0.210 | 2233.92 | 0.210
Error=|FEM—CMS|/FEM x 100

(1] : FEM result

(2] : Free interface method

[3] : Free interface method using equivalance
mass/stiffness loading

[4] : Substitution method

[5] : Fixed interface method

[6] : Fixed interface method using dynamic con-
straint mode(constraint frequency . 160Hz)
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Table 2 Natural frequencies comparison according to constraint frequency in dynamic constraint
mode (unit : Hz)

CMS CMS CMS CMS
(300Hz) | Error | (900Hz) | Error |(1500Hz)| Error |(2100Hz)| Error
1st 166.697 | 166.698 | 0.0005 166.705 0.0098 166.786 0.0534 167.072 0.2249
2nd 459.565 | 459.577 0.0026 459.569 0.0008 459.569 0.0008 459.613 0.0104
3rd 901.189 | 901.222 0.0036 901.216 0.0029 901.206 0.0018 901.195 0.0006
4th 1490.61 | 1491.34 0.0489 1491.28 0.0449 1491.18 0.0382 1492.04 0.0288
5th 2229.24 | 222992 0.0305 2229.89 0.0291 2229.83 0.0264 2229.75 0.0228

Error=|FEM—CMS|/FEM x 100
( ) : Constraint frequency in dynamic constraint mode

Modes FEM
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Table 3 Natural frequencies comparison of fixed beam (unit : Hz)
Methods (1] (2] (3] (4]
Total DOF 24 5 5 5
Modes FEM CMS Error CMS Error CMS Error
1st 166.697 165.455 0.746 161.246 3271 120.311 27.82
2nd 459.565 455.852 0.808 440.588 4.130 371.013 19.26
3rd 901.189 901.343 0.017 896.554 0.514 869.578 3.508
4th 1490.61 1660.94 1.990 1383.92 7.157 1180.26 20.82
5th 2229.24 2212.01 0.773 . 2208.10 0.949 2169.54 2.678
Error=|FEM —CMS|/FEM x 100

{1] : FEM result

[2] : Synthesis between FE and experimental
model

[3] : Synthesis using assumed EXP data in both

Wol gaeh oWl An-geo] o] SHE Y4
£ F9 2Zoelols] wEel A4y 34 oAl
23 29Eol AL A3

elements (Generate slope data in interface
by curve-fitting)

[4] : Synthesis using assumed EXP data in both
elements(Not using slope data in interface)
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Table 4 Natural frequencies comparison of plate structure according to connection conditions

(unit : Hz)

Connection conditions bl-b2 al-a?, cl-c2 al-a2, b1-b2, cl-c2

Methods [1] (2] 3] [2] (3] (2] [3]

Total DOF 69 30 30 30 30 30 30
Modes FEM CMS | Error | CMS | Error | CMS | Error { CMS | Error | CMS | Error | CMS | Error
1st 248.712 | 280.427 | 12.752 | 249.678 | 0.388 | 289.236 | 15.267 | 251.931 | 0.400 | 294.385 | 9.787 | 269.078 | 0.348
2nd 708276 | 710538 | 0.319 | 708.620 ) 0.049 | 726477 0378 } 724.039 | 0.041 | 728343 0.356 ; 726.051 | 0.040
3rd 738.639 | 739.341 | 0.095 | 738.833 ) 0.026 | 764.047 { 1.306 | 754.470 | 0.036 | 790.461 | 4.297 | 758.181 | 0.037
4th 121615 | 1365.50 | 12.281 | 1216.32 | 0.014 | 1572.82 | 17.835 | 1334.98 | 0.016 | 1622.06 | 12.721 | 1439.46 | 0.031
5th :331.91 1558.23 | 16.992 | 1322.14 | 0.017 | 1676.79 7.022 | 1566.94 | 0.011 | 1733.14 9.430 | 1584.07 | 0.018

Error=|FEM ~CMS|/FEM x 100

[1) : FEM result [2] : Free interface method

[3] : Fixed interface method
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