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Model Establishment of a Deployable Missile Control Fin
Using Substructure Synthesis Method
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ABSTRACT

A deployable missile control fin has some structural nonlinearities because of the worn or loose
hinges and the manufacturing tolerance. The structural nonlinearity cannot be eliminated completely,
and exerts significant effects on the static and dynamic characteristics of the control fin. Thus, it is
important to establish the accurate deployable missile control fin model. In the present study, the
nonlinear dynamic model of the deployable missile control fin is developed using a substructure
synthesis method. The deployable missile control fin can be subdivided into two substructures
represented by linear dynamic models and a nonlinear hinge with structural nonlinearities. The
nonlinear hinge model is established by using a system identification method, and the substructure
modes are improved using the Frequency Response Method. A substructure synthesis method is
expanded to couple the substructure models and the nonlinear hinge model, and the nonlinear
dynamic model of the fin is developed. Finally, the established nonlinear dynamic model of the
deployable missile control fin is verified by dynamic tests. The established model is in good agreement
with test results, showing that the present approach is useful in aeroelastic stability analyses such as
time-domain nonlinear flutter analysis.
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Fig. 1 Configuration of deployable missile control
fin
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Table 1 Comparison of natural frequency and

mode shape
Full model | Expanded CB | Error,

Mode frequency, Hz freguency, Hz| % MAC
1 22.617 22.617 0.000 | 1.000
2 78.909 78913 0.006 | 1.000
3 173.539 173591 0.030 | 1.000
4 262.653 2 63.526 0.332 | 0.998
5 405,576 406.737 0.286 | 0.997
6 410,891 411.268 0.092 | 0.999
7 493,391 493.946 0.112 | 0.999
8 580.348 583.037 0.463 | 0.999
9 732.954 735.112 0.349 | 0.995
10 779.171 834.379 7.085 | 0.916
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Table 2 Parameters of nonlinear hinge model

Parameter Value
K1, N-m/rad 373.67
K>, N-m/rad 61.22
K3, N-m/rad 424.09

s1, rad -0.0048
sz, rad 0.0194
Cy, N'm-s/rad 0.132
Fe, N'm 0.2
P, N'm -0.108

and experimental natural
frequencies, free-boundary condition

Synthesis frequency, Hz Experimental
Mode
K K K frequency, Hz
1 3295 | 1062 | 300.7 —
2 1283.0 | 1255.7 | 1279.5 1265
3 1457.3 | 1435.1 | 14538 1545
4 27883 | 27856 | 27879 2625
5 34157 | 3414.2 | 34155 3273
6 37355 | 37219 | 37337 3753
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