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Correlation between the finite element and testing modal
analysis of solid rocket motor
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Abstract:  In order to get the modal parameters of an unloaded solid rocket motor, FEM modal analysis with MSC Marc was com-
pared with test modal analysis. Then, correlation between calculated values and measured values were studied. Below 250Hz, one bending
mode and five breathing modes are found with FEM. The first bending mode and three breathing modes of computation show excellent
agreement with the test results, except that the 3rd and 4th breathing mode were not found with test. The difference of between the test

and FEM for all nature frequencies within 5% . Correlation of all mode shapes from test and their correspondent from FEM are evaluated
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and MAC values are about 0.9. It shows the calculated model can simulate the dynamic characters of actual motor well.
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Table 1 Material property

Elastic
No. Material Poisson ratio | Density/ ( g/ em®)
modulus/ MPa .
1 Graphite 8700 0. 053 1. 88
2 Steel 196000 0.3 7.75
3 Composite 11900 0.2 1.5
4 Composite 20000 0.12 1.5
5 Composite 10787. 3 0.26 1. 825
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Fig. 1 Meshing of the FEA model
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Fig.2 Calculated mode of solid rocket motor
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Fig. 3 Installation of solid rocket motor testing apparatus
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Fig.4 Measuring points arrangement on solid rocket motor
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Table 2 Comparison for the calculated values
and measured values of natural frequencies

Ne. Caleulated Measured Relative Ml s
values /Hz values'Hz errorf %
1 58. 8478 57. 14 2. 9888 m=2,n=1
2 124. 763 119.7 4. 2297 m= 3, n=1
3 141. 675 139.7 1.4137 | First bending mode
4 146. 226 m= 2, n= 2
5 149, 841 m= 3, n= 2
6 199. 047 191.2 4. 1041 m=3.n=3
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Table 3 MAC value of calculated and tested mode

of solid rocket motor

MA

o Test | 57 14m, 119. 7 Hz 139. 7 Hz 191. 2 Hz

58.8478 Hz| 0.994265 | 0.861797 0. 381789 0. 023914
0. 967178

124,763 Hz|  0.943714 0.461321 | 0.0424088
(0. 866096)

141,675 Ha| 0.446813 | 0.271135 0. 964055 0. 101427

199, 047 Hz| 0.0546839 | 0.0149512 |3.14928x 10" | 0. 804462
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