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Abstract: The self-rotation of flexible spinning flight vehicles in the dynamic analysis is emphatically
considered. The equations of motion are formulated and the dynamic stability is analyzed by taking into
account gyroscopic moment and follower thrust. The flexible spinning flight vehicle is simplified as a non-
uniform rotor structure. Timoshenko beam model, which assumes that the shear deformation influences
axial displacement, is adopted with consideration of the effects of gyroscopic moment and follower thrust.
The equations of motion are established based on the finite element method to analyze the effects of rota-
ting speed and follower thrust on the dynamic response and structural instability under the action of mass
eccentric force. The results show that system stiffness and critical spin speed decrease with the increase in
follower thrust; the resonance of system occurs when the excitation frequency equals to the ecritical spin
speed frequency; the follower thrust equaling to or being greater than the critical thrust results in system

instability ; the increase in spin speed will reduce the critical thrust of system; and the structural hetero-
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geneity greatly affects the critical spin speed and critical thrust.

Key words: vibration and wave; spinning flight vehicle; follower thrust; Timoshenko beam
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Fig.9 Variation curves of critical spin speed
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Fig. 10 Variation curves of critical thrust

4 it

PAZEHE A e RAT 8 MW TEN B, %5 T 579174
TR Al 1) (5288 B B2 0, R FHA BROC T 5 % RGE AT
TR A I S B R T R SR Bl A R Y AR
Griz a7 A, a5 05 FOXH e s A 2l 7 4 A
PR B ZR Geke ) P sl W A5G ARG DLEAT 1 o0
Pr A BILUR 458

1) Bl g2 N 2R SN EE i 4R 3 iR
(EHG R 7 EL e N FBE AT 48 I U4 5 2R
WA AR T R G S e R I, R G AR

2) S kBB RS SR R KRR
RS e R B SN 22 AR R L A0 e 4T

3) RERL AR STV S5 AL BT | I A 1)
IG5 A S R AR A DT X 28 8 1 i 53t 4 RIS
T AR KR

g b SR B B e AR Sl 4 ) ) S [ R A AR
R GRS K A U, AR AT A BTN 225
BRI,

22 3Lk ( References)

[1] Chae S, Hodges D H. Dynamics and aeroelastic analysis of mis-
siles[ C] // Proceedings of the 44th ATAA/ASME/ASCE/AHS
Structures, Structural Dynamics, and Materials Conference. Nor-
folk, VA:SIAM, 2003: 1 -6.

[2] Trikha M, Mahapatra D R, Gopalakrishnan S, et al. Structural
stability of slender aerospace vehicles: part Il : numerical simula-

tions[ J]. International Journal of Mechanical Sciences, 2010,



522 £ x % % 436 %
52(9) :1145 - 1157. [8] ZhuH L, YulL, Liang S H, et al. Dynamic simulation of a flexi-
(3] FERBL. KRKAZEE T RMAEARES N T]. &= ble spinning vehicle with the periodic varing thrust[ J]. Journal of
T4, 2000,21(2) : 108 - 111. Shanghai University ; English Edition, 2008,12(2) :115 - 119.
WANG Liang-ming. An analysis on the flexibility in flight of pro- [9] Choi S H, Pierre C, Ulsoy A G. Consistent modeling of rotating
jectiles or rockets having high L/D ratios[ J]. Acta Armamentarii, timoshenko shafts subject to axial loads[ J]. Journal of Vibration
2000, 21(2) :108 = 111. (in Chinese) and Acoustics-Transactions of the Asme, 1992, 114 (2).249 -
(4] ERW, T, 53R R IE W7 b iR 404 259.
W5E[J]. #RIE2AHR, 2001, 13(1) : 51 -54. [10]  SREM, RRE, 2. T Timoshenko FELRY I HEHE 5 i
WANG Liang-ming, WANG Zhong-yuan, YI Wen-jun. Resonance RERIRSIZAS M [T]. bR EL T R %244, 2012,32(6) :
unstability in ballistics of flexible body[ J]. Journal of Ballistics, 551 -555.
2001, 13(1) :51 —=54. (in Chinese) RONG Ji-li, XU Tian-fu, LI Jian. Modal analysis of transverse
(5] VF3, BHRI, A5, 9 VR T 401 S0 1 1 9% 3h B de e vibration of a spinning rocket based on Timoshenko beam[ J].
PR T]. TR, 2009, 26(12) : 211 -215. Transactions of Beijing Institute of Technology, 2012,32(6) ;551 -
XU Yun, XIE Chang-chuan, YANG Chao. Transverse vibration 555. (in Chinese)
and dynamic stability analysis of slender projects under thrust[ J]. [11] A, ZEmise. KKARLL B e m B IRFErEr A RoT
Engineering Mechanics, 2009, 26(12) :211 —=215. (in Chinese) HEITESERM[T]. BT, 2002,23(1): 79 -82.
(6] 5k, Tk BHAHEN B MBI SH[I]. FHE%wR, RONG Ji-li, LI Rui-ying. Finite element computational method
2010,22(1) : 83 —86. and resultant analysis of the transverse self-oscillation characteris-
ZHANG Lei, WANG Yong. Vibration analysis of free-free beam tics of a slender spinning rocket[ J]. Acta Armamentarii, 2002,
with end rocket thrust[ J]. Journal of Ballistics, 2010,22(1) :83 — 23(1):79 —82. (in Chinese)
86. (in Chinese) (12] SREM, HRRE, £A, 4. BIEDEHT REbE
(7] fapal, PR, BEEBL. SRVETAET ©AT s ()], WA JIERGEVE BT ], TR, 2015,36 (1) ; 18 -24.

AR, 2006, 18(1) : 22 —24.

HE Bin, RUI Xiao-ting, LU Yu-qi. A study on flight dynamic
modeling of flexible shell/rocket[ J]. Journal of Ballistics, 2006,
18(1) :22 —=24. (in Chinese)

RONG Ji-li, XU Tian-fu, WANG Xi, et al. Dynamic stability a-
nalysis of slender spinning flight vehicles under follower thrust
[J]. Journal of Astronautics, 2015,36(1): 18 —24. (in Chi-

nese )



