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FSI Analysis of Structure Using
Recursive Component Mode Synthesis
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1. Introduction

The recursive component mode synthesis method (RCMS) is implemented for the finite
element analysis model as an efficient free vibration analysis tool. The RCMS method is
intended to obtain a better performance than the Lanczos method. In this paper, the
fluid-structure interaction problem is calculated with the RCMS method. The numerical
example of finite element model demonstrates the outstanding performance of RCMS compared

to the Lanczos method.

2. Basic Theory

In a free vibration, ([K]1=A[M ] {u} = {0} , the main issue is to calculate the eigenvalues
and the corresponding eigenvectors accurately and efficiently. In structure problem, the

Lanczos method, which is traditional method in industry for obtaining eigenvalues, has been
widely used. In the component mode synthesis method (CMS) method, the free vibration

problem is rewritten as
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In a traditional CMS method, which is single level CMS methid, the stiffness matrix

[K] 1s decomposed into [K]:UTDU using the block Gauss elimination. The

congruent transformation of [K] and [M] with U results in [[Z 1=U T[K 1%
[M]=U"[MU

Then, the CMS method is extended to multi-level recursively, which is called as the
recursive component mode synthesis (RCMS) method, which is a generalization of the single
level CMS method.

VIWUTKUW )=V U MUV {u}

3. Fluid-Structure Interaction Analysis

A fluid-structure interaction problem consists of structure domain, fluid domain and interaction

domain. Then the modal frequency response problem can be represented as

Wl bl (1 & i7)A + 0K, iwd Z, M)
[ wrd’ (=l + w0 + ARy ] = i) }
|
{ Fpiut) }

In order to obtain above equation, modal equation, the eigenvectors and eigenvalues are
obtained with RCMS approach that is introduced in section 2. The numerical example of finite
element model demonstrates the outstanding performance of RCMS compared to the Lanczos

method while obtaining the same accuracy.
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