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Free-interface Component Mode Synthesis
Technique with Link  Substructure as
Super-element
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Abstract: According to the definition of link substructure in
component mode synthesis (CMS) method, link substructure
is essentially a kind of super element with the interface degree
of freedoms(DOFs). A new technique of free-interface CMS,
compatible for both displacement and force on interfaces, was
then presented, by transforming link substructure into super
static

condensation. The new technique not only retains free-

element with Guyan condensation or dynamic

interface CMS’ s advantages of reducing the system DOF

efficiently and high accuracy, but also can deal with lumped

ks H H1: 2009 - 05 - 08

damping reasonably, thus, it has a widespread application in
dynamic analysis of the structures with local non-linearity.
Then, the application of the proposed technique was shown by
modal and seismic response analysis of a truss bridge in which
the girder and brace are lead rubber bearings (LRB) linked.
Regarding LRB as super element link substructure, the
calculation accuracy and efficiency of Guyan and dynamic
condensation methods are compared with finite element
method (FEM) or direct integration method. Furthermore,
inherent characteristic results of the truss bridge under
different LRB disposition forms were obtained.

Key words: component mode synthesis; free interface; link

substructure; super element method; lead rubber bearing
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Fig.1 Substructure interface connection
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Fig.2 Simulation for automated container

terminal experimentation
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Tab.1 Characteristic parameters of lead
rubber bearings(LRB)

it BN K/ SESNIEE ke SFAEHIE cB/

e m/kg (10°kN+m™ 1) (103%kN+m 1) (kNesem™1)
GZY300 56 1.188 1.13 3.484
GZY400 126 1.850 1.69 6.713
GZY500 228 1.972 1.91 9.349
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Tab.2 Natural frequency results comparison of truss bridge with girder and brace LRB linked Hz
GZY300 GZY400 GZY500
B #mRoc AR EIPARYES FHRRIG [PARYE Bl 1A AHBRIC AR EIPARYELS
fit f fced fted fit f fted fle) fitt f fted fled
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10 4.3933  4.443 8(1.15) 4.4194(0.59) 4.7391 4.834 8(2.02) 4.7855(0.98) 4.8372 4.960 5(2.55) 4.895 5(1.21)
15 6.906 9 7.017 3(1.59) 6.966 8(0.86) 7.0339 7.1927(2.26) 7.1107(1.09) 7.0407 7.2524(3.01) 7.137 8(1.38)
20 10.261 0 10.4450(1.79) 10.357 0€0.94) 10.2690 10.516 0(2.41) 10.387 0(1.15) 10.204 0 10.539 0(3.43) 10.357 0(1.50)
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Tab.3 Natural frequency results comparison of truss

bridge in different support conditions Hz

Wik AR ERM b B ARl
1 2.363 4 1.302 4 1.879 6 1.4939
5 4.804 3 1.873 8 3.270 8 3.735 1
10 7.443 2 4.8348 5.583 8 6.816 1
15 8.736 3 7.1927 7.196 3 8.590 3
20 11.3950  10.5160  10.6100  11.1170
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Fig.4 Displacement response time history curves of
a node in the middle of the span with differ-

ent solution methods
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