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Calculating Method of FRF with Sub-structure Mode Synthesis Method
Chang-Guen Oh' Kyung-Il Park* Sok-Chu Park '
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Abstract: A very important part in vibration analysis is to calculate the frequency response function (FRF). In general, a large
sized or/and complicated structure has many thousands to millions of degrees. Therefore, the FRF cannot be calculated by the
traditional analysis method using an inverse matrix. This paper presents a new FRF calculation method of a superstructure by
synthesizing sub-structure modes, of which the DOF can be deduced by partitioning into some sub-structures. To confirm its
analysis results, the method was applied to an assembled plate (B300 x L900 x t5 mm) with three diagonal sub-plates(B300 x
L300 x t5 mm) in series and compared with the measured data. The test results have were comparable those of the calculated
ones with an error less than 5%.
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clear all

tic
nod=5000; % nod: 1000~5000
deg=nod*6;
M=rand(deg);
M=M+M" ; % NAFEZ vhE
K=rand(deg);
K=K+K" ; % NAFEZ vhE
w=2*pi*(5:5:1000);
for k=1:1

G=inv(-w(k)"2*M+K) ;

end

toc

Program 2: Cpu time check for the calculation of FRF by Matlab
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Table 1: CPU time to calculate FRF
- Numbers of nodes cpu time
tic
(DOF) (sec)

n=40000; 1,000(6,000) 37.0
A=rand(n); 2,000(12,000) 334
toc 3,000(18,000) 1,179
Program 1: Memory test program of Matlab 4,000(24,000) 54,409
5,000(30,000) out of memory
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Figure 1: CPU time to calculate FRF
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Figure 2: FEM model with 2 sub-structures
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Figure 5: One sub-structure model
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Figure 6: FRFs curves from experimental, FEM’s and SMS’s results

Table 2: Degrees of freedom of the structure

part DOF
DOF of original structure 19*7*6=798
DOF of a sub-structure THT*6=294
DOF of combined parts 14*6=84
DOF adopted at sub-structures 20*3=60)
total DOF used in SMS program 60+84=144

Table 3: Differences rates between the full FEM’s and

SMS’s results

order 1 2 3 4 5
Experi. 33.0 59.5 91.0 125.5 178.5
full FEM 32.5 59.8 90.4 126.3 177.9
SMS 32,5 59.8 90.4 126.3 178.0
Diff.(%) 0.00 0.00 0.00 0.00 0.03
order 6 7 8 9 10
Experi. 204.0 | 291.5 | 300.5 NA 328.5
full FEM | 206.0 | 291.2 | 303.7 | 304.5 332.7
SMS 206.0 | 291.3 | 303.8 | 304.6 | 332.7
Diff.(%) 0.00 0.02 0.03 0.03 0.02
order 11 12 13 14
Experi. 387.5 | 422.0 | 448.0 | 4855
full FEM | 391.7 | 426.8 | 449.7 | 493.0
SMS 391.8 | 426.8 | 450.0 | 493.0
Diff.(%) 0.02 0.00 0.07 0.00
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