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Modelling and analysis of a hypersonic vehicle with aeroelastic effect

LI Jianlin, TANG Qiangang, FENG Zhiwei, YANG Tao, LIU Zhichao
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410072, China)

Abstract; Hypersonic vehicle can be designed into blended lift body by using light-weighted materials, which leads to close frequencies between

controlled rigid-body motion and the oscillation of the structure. Tt brings about a huge challenge in the design of guidance and control system. Based

on the assumed mode method, the free-free beam structural dynamics model considering variable cross-section effect was built. After comparing the

mode shape and frequencies between cross-section and variable cross-section beam, it is found that the later one had a bigger mode shape change, and

the frequency of second and three order both decreased. Given the hypersonic vehicle equations, the static and dynamic characteristics of constant

cross-section and variable cross-section beam were analyzed in a typical condition. The results indicate that the variable cross-section beam has a larger

appended angle of attack, the system is open-loop unstable, and exhibits non-minimum phase behavior in the trim condition.
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Fig. 1 Hypersonic vehicle model
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Tab.1 Mass distribution per unit width of HSV model

FRG [/ kg i/ m

H 1360.2 [ 0 30.48]
AR & R4 90.7 [ 2.44 3.66]
MR AER 20675 [ 9.14 15.24]

WA EA 2811.0  [14.63 18.90]

WA 45.3 [15.24 18.29]

Wt R G5 181.4 [16.15 20.42]
GRS AR 1559.7  [20.57 25.15]
ERE T RS 136.0 [26.82 28.04]

| 906. 8 [12.19 21.34]
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Fig.2 Inner space of HSV
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Fig.3  Unit width cross-section inertial moment

variation along longitudinal axis
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Tab.2  Comparison of frequency of the first three of mode
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Fig.4 Comparison of the first three mode shape
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Tab.3 Comparison of trim condition at Mach 8, 25.9km:level flight

a/(°) 8./(°) ) 7, 7> 73 A7/ (°)
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Tab.4  Open-loop poles at Mach 8, 25.9km: level flight

BIEES FRIE(E W4 AR i BAS
3.377 4.181 4.430 AFE A
-3.757 -4.586 -4.844 R 4 R0
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Tab.5 Open-loop zeros at Mach 8, 25.9km: level flight
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