A ZEHL L HEE SAA(AER) ] AN M T A 2467

& 30

Key Words : Rocket Motor (24l = ¥), Foolower Force(£%#), Rigid Body Parameters (7}

A FFEE it v EE A (1289 A4
A 2 A
Yolay® - wrdm

(19933 34 119 AH4)

Analysis and Experiments on the Stability of Nonconservative Elastic
System(Cantilever beam) subjected to Rocket Follower Force

In Sung Kim and Young Pil Park
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Abstract

This paper deals with the cantilever subjected to a follower force which is generated by real
rocket motor which has linearly decreasing thrust. The cantilever is assumed to be uniform and
elastic one. In the theoretical analysis, the tip mass of rocket motor is considered as a rigid body
and effects of its dynamic parameters are shown and compared with the experimental results.
Particularly, the variation of the 2nd natural frequency due to the decreasing thrust is measured
in the experiments and compared with the theoretical estimations. Approximate method is
adopted in the theoretical analysis using Galerkin method by introducing 3-element modified
operator and modified variable which represent eqation of motion and natural boundary condi-
tions. In general, structural damping effects can be neglected and all the rigid body parameters
must be taken into account in case of the short action time of the follower force and the relatively
big tip mass like the system of this paper according to the experiment. Good agreement was
obtained between the theoretical estimations and the experimental results by neglecting struc-
tural damping and considering all the rigid bidy parameters of the tip mass.
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Table 1 Specifications of the rocket motor

Maximum thrust 326 N
Total thrust 944 N - sec
Specific impulse 204 sec
Burn time 4.1 sec
Propellant mass 0.472 kg
Initial total mass 1.377 kg
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Tig. 3 Thrust. vs. time curve of the rocket motor

Table 2 Rigid body parameters of tip mass

Exp. M[kg] J[kg-m?]| a[m]
Sequence
1 10.765 0.0717 0.172
2 10.765 0.0717 0.172
3 11.226 0.0728 0.172
4 11.226 0.0728 0.172
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Table 3 Specifications of aluminium cantilevers

g;‘;'lence 1[m] |EI[N-m?| m{kg/m]
1 0.98 28.148 0.539
1.14 28.484 0.546
3 1.06 28.102 0.550
4 1.08 28.144 0.544

Table 4 Nondimensional rigid body parameters

of Tip Mass
Exp. u v a
Sequence
1 20.380 0.141 0.176
2 17.295 0.089 0.151
3 19.256 0.111 0.162
4 19.107 0.106 0.159
O

i
Video Camera #

Tip Mass including
Rocket Motor s

Fig. 4 Configuration of experimental set up
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Table 5 The 1st and the 2nd eigenvalues at max-
imum thrust (326N)

only u JTRY o m v, a
consi- consi- consi- consi-
Specimen| dered dered dered dered
1.2021, | 1.287i, | +£1.082 | +£1.126
#2 8.0251 3.414i +2.3211 | +1.6231
(@), (@) (x) (X)
0.931i, | 0.965i, | 1.228i, | 1.426i,
#3 9.305i 3.660i 4.607i 2.221i
O) O (@) (@)
(O) : estimated stable
(X) : estimated unstable
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