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Sub-structure mode synthesis vibration analysis program development

using Matlab
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Abstract:  Finite Element Method(FEM) is the essential tools for analyzing structural and vibration problem.
But common commercial program is high-priced and the usage is not easy. Hereby the authors developed
FEM program by using Matlab, whose usage is very simple and whose performance is very high. For the
convenience of use and calculating efficiency Component Mode Synthesis Method is adopted, which divides a
structure by some sub-structures for easy handling, analyzes them by parts and analyzes the structure with en-
compassing Degrees of Freedom(DOF). And encompassed DOF could be restored to full DOF. To confirm the
accuracy the program was applied to a flat plate, and the results were compared to experiment, and good
agreements were achieved. The developed program is going to be opened to public.
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Figure 1: FEM model with 2 sub-structures
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part="all’
% allo]® S}LFE, part
eval('surf grid main');
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Figure 6: Program to draw natural vibration modes
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force=[1 1 3];

% z directional force at nod 1 of sub 1
resp=[1 1 3; 1 43 3; 2 25 3];
Freq range=[0.5 0.5 500];

% Freq. range: 0.5~500Hz

% Interval is 0.5Hz
frf f='plate 900 300.xIsx’

% Output Excel file name
mode f='mode_inf’

% Output file of modal data
eval('frf main');

Figure 7: Program to draw natural vibration modes
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Figure 8: Sub-structure model
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Table 1: Natural frequencies of the structure
Order 1 2 3 4 5 6 7
exp 330 | 595| 91.0| 1255| 1785 | 204.0 | 2915
ssm 325 598 | 904 | 1263 | 1780 | 206.0 | 2913
ssmoerr | -137| 049 | -065| 065| -028| 096]| -0.08
cms 325 | 598 | 904 | 1263 | 1780 | 206.0 | 2913
cms err | -137| 049 | -0.64| 065| -025| 096]| -0.06
Order 8 9 10 11 12 13 14
exp 3005 | 300.5 | 3285 | 387.5 | 422.0 | 4480 | 4855
ssm 303.8 | 304.6 | 3327 | 391.8 | 426.8 | 450.0 | 493.0
ssmerr | 108 | 135| 120] 1| 13| o044 154
cms 303.8 | 3047 | 332.8 | 391.9 | 4268 | 4503 | 493.0
ems err | 111|138 ] 131 113| L14| 051] 1.55
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Figure 9: 1* natural mode shape(1® bending mode)
at 32.5Hz
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Figure 10: 2™ natural mode shape(1* twisting
mode) at 59.8Hz
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Figure 11 3™ natural mode shape(2™ bending mode)
at 90.4Hz
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Figure 12 4" natural mode shape(2™ twisting mode)
at 126.3Hz
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Table 2: Degrees of freedom each part

part DOF
original structure 19%7%6=798
a sub-structure 7% 7%6=294
combined parts 14%6=84
DOF adoted at sub-structure 50%3=150
DOF adoted at combined parts 50
total DOF used in cms program | 150+50=200
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