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ABSTRACT

This paper is concerned with the comparison of substructure synthesis methods based on global
and local coordinates. The substructure synthesis methods based on the global coordinates were
first proposed for the dynamic analysis of complex structure and the substructure synthesis
method based on the local coordinates was proposed to solve the dynamic problem of tree—like
structure. However, the conceptual difference between two methods in solving the dynamic
problem has never been explained. In this paper, a structure consisting of two beams is
considered to show the conceptual difference of two methods. The dynamic formulation shows the
characteristics and differences of two methods explicitly. The procedure for choosing proper
substructure modes in each method is also explained in detail. In addition, the advantage of the
substructure synthesis method based on the local coordinate system is discussed based on the
numerical example. Numerical examples show how two methods are applied to the addressed
problem.
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Fig. 1 Two substructures connected by a point
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Table 1 Natural frequencies vs. no. of admissible
function by GSSM

NAF | TDOF| £ | £ | £ £,
3 4 3.64761 | 27.59897 | 62.84397 | 168.78610
4 6 3.61086 | 25.45958 | 62.06706 | 144.40455
5 8 3.58992 | 24.51399(61.86548{ 136.75013
6 10 3.57648 |23.97922{61.78870| 132.87640
7 12 3.566937 |23.73310|61.76678 | 131.17442
8 14 3.56398 [23.5503361.75429| 129.94733
Exact 3.51602 |22.03449]61.69721 ] 120.90192
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Table 2 Natural frequencies vs. no. of admissible
function by LSSM

NAF | TDOF | £, Ll AL A
3 4 3.62367|24.67875{62.50291 | 146.85335
4 6 3.56821323.70671{61.90574|131.72342
5 8 3.56344 123.25749(61.77753|128.32837
6 10 }3.55293]22.99852]61.73507| 126.59350
7 12 |3.54620(22.83003}61.71742|125.52090
8 14 |3.564154(22.71166(61.70895] 124.78931
Exact 3.51602 [22.03449(61.69721| 120.90192

0 5 10 15 20 25 30
Totat DOF

Fig. 2 Error vs. total degree of freedom for the
first natural frequency

GSSM
LSSM

[ s 10

. ‘xE)DoF 2‘0 2.5 30
Fig. 3 Error vs. total degree of freedom for the
second natural frequency

l

Table 1% Bl@3|E w LSSMO FHE7} w2
A& & F Utk o] FEEE A KA F A

_I-J_-ﬁL.L}H—’,E.

o g 3

ITHRAEFo] &) 2¥og vms|E Zo] Fig 4
s} 5ol of7|A  eabe Emor=(f, = fuw)
! fowt X100 (%) 2 AXEHQ{G, T8N & 5 Y%
o] LSSMe°] GSSMEt} -85} E58 8
Utk ol& LSSMo| 7]88taQl Az g
ZFA711 FA B =N HELE AL

2o

5. Eo| W A=

o] AL ALAEAY AT BRFZY
9 (GSSM) B ZRHRA | AT RETZEA
LSSM)S) Ada xoldat BAs #AR9 Hlo
2 FHEAk o2 g8 T MY B FREZ o
2oj2 A2®e nEstn, B3 B ol A
FA AL o) AL E)SAnt.

GSSMY] #4& FzEo| A= A% 1 2%
Z71E @A fEF R Asteld, Aoz 7
zte) Fzzo ALAYY AHAYL s)gasre
olg8) EYHoR FEIT o]F FEZAL ol
3 AP R, & ZAPPL o] &A= Aolth.
o] LSSME o8 718 BEFZRE F F 1%
E& A1 tE RRIZEL o] & IREZHE
UE geE ddge) sk 2oz sty BET
ZE FEAS AYRY F7z2EY wAuY
718718 mejsly) wEe] Zekayo] o ok
Roltk, old AAgAate o]z A GSSM) H$
= AHEAHQ $3WARAY) APy BAPYo)
BE IS @ 9dR Jehdx T LSSMY) A$ol=
BAgEo] Yzl Bde UehA " o3
oL HZ THA EAY d FITe] P&
Zoh T /9 2YF B APY A2HS a7
FA 5L SNH AT LSSMo] GSSM Bt 4

57t #5€ BoETh

b o 2L

%
2EEE AYHAE AR 4
1 2% F99L o8y BHAE ©
A
T

S o od
<l M Ho mn

%
Mo R op® ot S omY ko gy DY

K}
u
_O,_lb
2
S U SARIRE T

13)

g
I

718/ =22 STESHE =2 H/A 16 ¥ A7 Z, 2006'd



AARTAG) 2rle REPEIY TRAEA) SAT FETELEY v

o) ATE FIURL £ A7) B Aoz
o|ol ATk AR ofeA AL,

%1023
(1) Hurty, W. C, 1960, “Vibrations of

Structural Systems by Component-mode Synthesis” ,
Journal of the Engineering Mechanics Division,
ASCE, Vol. 86, pp. 51~ 69.

(2) Hurty, W.C., 1965,
Structural Systems Using Component Modes” -,
AIAA Journal, Vol. 3, No. 4, pp. 678 ~ 685.

(3) Gladwell, G.M.K.,, 1964, “Branch Mode
Analysis of Vibrating Systems” , Journal of Sound
and Vibration, Vol. 1, pp. 41~ 59.

(4) Benfield, W.A. and Hruda, R.F., 1971,

“Vibration Analysis of Structures by Component
Mode Substitution” , AIAA Journal, Vol. 9, No. 7,
pp. 1255 ~1261.

(5) Meirovitch, L., 1980, .Computational Methods
in Structural Dynamics, Sijthoff & Noordhoff.

(6) Meirovitch, L. and Hale, A.L., 1980, “A
General Dynamic Synthesis for Structures with
Discrete Substructures” , Paper No. 80-0798,
ATAA/ASME /ASCE/AHS 21st Structures, Struc-
tural Dynamics and Materials Conference, Seattle,

“Dynamic Analysis of

Washington.

(7) Hale, A L. and Meirovitch, L., 1980, ‘A
General Substructure Synthesis Method for the
Dynamic Simulation of Complex Structures” , Journal

of Sound and Vibration, Vol. 69, No. 2, pp. 309 ~ 326.

(8) Meirovitch, L., 1976, “A Stationarity
Principle for the Eigenvalue Problem for Rotating
Structures” , AIAA Journal, Vol. 14, No. 10, pp.
1387 ~ 1394,

(9 Meirovitch, L. and Kwak, M. K, 1991,
“Rayleigh—Ritz Based Substructure Synthesis for
Flexible Multibody Systems” , AIAA Journal, Vol.
29, No. 10, pp. 1709 ~ 1719,

(10) Jung, W.-J. and Lee, H-G., 1993, “‘A
Study on the Substructural Synthesis Method using
the Spatial Properties” ,
Korean Society for Noise and Vibration
Engineering, Vol. 3, No. 2, pp. 145~ 153.

(1) Lee, LW. and Kim, D.O, 1993,

“Modified Component Mode Synthesis Method
Using Ritz Vectors” , Transactions of the Korean
Society for Noise and Vibration Engineering, Vol.
3, No. 1, pp. 77 ~ 82.

(12) Oh, J.-E., Lee, J.-H. and Lim, D.-K,
1994, ‘A Study on the
Improvement of Dynamic Characteristics of Large

Transactions of the

‘Identification and

Structure by Component Mode Synthesis Method” ,
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 4, No. 3, pp. 327 ~ 335.

(13) Kim, S., Kim, S. and Lim, K., 1993,

“Vibration Analysis of a Refrigerator Using
Component Synthesis Method” , Transactions of
the Korean Society for Noise and Vibration
Engineering, Vol. 3, No. 3, pp. 253 ~ 257.

(14) Jang, K=J., Jee, T.-H. and Park, Y.-P,,
1996, “Improved Component Mode Synthesis
Method Using Experimental Obtained Modal Data” ,
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 6, No. 1, pp. 97 ~ 106.

(15) Blevins, R.D., 1987, Formulas for Natural
Frequency and Mode Shape, Robert E. Krieger
Publishing Co.

o
Hi
[
njo
[
o
Ok
Job
o
rr

E/A 1648 A7E, 20069/719



