H50 % 45104 2 SIS S DA NI S S (14 Vol. 50 No. 10
2018410 71 JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Oct. 2018

DOI:10. 11918/]. issn. 0367-6234. 201707030

RSB SERUNER S S

SRR B R, R A KK

(LW JR T Tk R AR B, R 7K 3% 15000152 EIgHLAL TARRBF ST, [ifF 201109)

B OE: RESBREIFBEINZIAAHAMAHAENER AZEREFET RN TH. VAR RESREZS
BWZash st , M E R AR AT TRE S 2, B4 Wik FRERELRAR REXREN FOHERFEE, T
T R R 5 A A R RN A R B R W e i R sl ) T AR R, R A R IR R M AR A R B
ERTRH B REEMED B WHERHATTER N BB THRAERRE IS XA TiREEZ N XL, I
AT RBEHWREN, GATRENEES M RE, AR KEGFEME ST EREATTRIUE. BRI FFEER
KW HAERRNMEREFUE2Y IR REENENE M A ERFFREET R, NEAEFEB TR
B O REFE, THRAMRRNERT VB WER, AR TRECHEHNRE; REFENFLETLEEED
15 5 B RS A IR BN A R M e 5 R B R B A M R R R e A 1R T AR AT R R A DL R

KEH: LR RAERRNEHES; B A REE

hEyES: V430 MRS A NEHS: 0367 -6234(2018)10 - 0042 - 07

Modeling and analysis of jet damping effect for spinning missiles

CHEN Erkang', LIAO Xin>, GAO Changsheng', JING Wuxing'

(1. School of Astronautics, Harbin Institute of Technology, Harbin 150001 China;
2. Shanghai Institute of Electro-Mechanical Engineering, Shanghai 201109 China)

Abstract; In the powered phase, spinning missiles are affected by not only aerodynamic forces and moments, but
also variable mass characteristics and jet. In order to investigate the dynamic characteristics of spinning missiles in
the powered phase, the jet damping effect was modeled and analyzed. Firstly, spinning missiles were modeled as
continuous particle systems. The dynamics equations of spinning missiles considering aerodynamic moments, jet
damping effect, and variable mass characteristic were established. Then, the characteristics of the spin speed and
coning motion under the jet damping effect and nonlinear variable mass characteristics were theoretically analyzed
respectively. Moreover, based on the sufficient and necessary condition for stability of coning motion, the
expressions of spin speed, quasi-attack-angle and quasi-sideslip-angle were derived under the combined influence
of jet damping effect and aerodynamic moments. Finally, the results of theoretical analysis were verified by
numerical simulations. The theoretical analysis and numerical simulation results show that the variable mass
characteristics and jet damping effect affect the missile’ s spin speed and coning motion. To keep spin speed
constant, the radius of grain should be slightly smaller than that of the engine nozzle. The jet damping effect
increases the damping of coning motion, which is advantageous to coning motion stability. Nonlinear variations of
mass characteristics can make cone motions converge faster. The variable mass characteristics and jet damping
effect cannot be ignored in design and analysis.
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Fig.1 Continuous particle system
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Fig.4 The influence of jet damping effect on coning motion
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