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Abstract.  A kind of numerical simulation method is used to testify the open loop response of a 
kind high speed aircraft. Since the final aim is to the testify the rightness of the system model and 
its corresponding air coefficients, so virtual flying condition is set to make the system more simple 
and more easy to be stable so that the simulation can be last for a longer time, which is very 
important and difficult for high speed aircraft. The attack angle and elastic shape of the aircraft is 
set to be constant so the virtual flying is constructed and it is reasonable for the aircraft, so it is 
effective and valid to testify the system model. 

Introduction 
Considering that the complexity of the hypersonic control is integrated features by flexible form, 

the static instability of attack angle (or rapid divergence characteristics), the fast change 
characteristics of engine thrust, a given attack angle constant elasticity flight test is done in this 
paper after constant elasticity flight test. The purpose is to study height change on the influence of 
the attitude stability of hypersonic flight vehicle[1-4]. At the same time, the relationship between 
engine thrust and the oil supply factor is researched under the constant form condition of constant 
attack angle. It shows by digital simulation analysis that the flying height change of the 
aerodynamic force for a short period of time less than 5s, the impact is smaller. But the engine 
thrust produced by tapping oil factor changes greatly in a short time, and the change of thrust is 
produced under the condition that the oil supply factor does not increase[5-9]. It indicates that the 
engine oil supply factor and attack angle are more sensitive, so the engine is considered 
comprehensive in the design of control system.  

Model Description 
Considering the elastic shape structure, a kind of pitch channel hypersonic aircraft model built 

according to Lagrange equation is released by USA air force as followed: 

 cos sinT DV g
m
α g−

= −  (1) 

Where 
( )T T TT qs C C Cη

φφ η= + + , DD qSC=  

 2 22 , 5, 0.7n n n c nφ ςω φ ω φ ω φ ω ς= − − + = =  (2)  
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3rd International Conference on Machinery, Materials and Information Technology Applications (ICMMITA 2015)

© 2015. The authors - Published by Atlantis Press 586



 qα g= −   (4) 

 Mq
I

=  (5) 

T MM z T qScC= + ， 

  sinh V g=  (6) 

 22i m mi i mi i iNη ε ω η ω η= − − +  ， i NiN qSC=  (7) 

1 21.17 17.56mω = = ， 2 53.92 48.78mω = = ， 3 109.1 95.6mω = = ， 

0.02mε = , 1 2 3 0.02ε ε ε= = =  

And V is speed, g is the speed angle,α is attack angle,Q is the attitude angle speed, h is the 

height. φ  is the oil supplying factor, cδ  is the duck wing and eδ  is the lift rudder. 

Simulation settings of free flying 
In order to testify the rightness of the model of hypersonic aircraft, choose a initial height as  

0 85000*0.3048h = ，initial speed as 0 7846*0.3048V = ，initial attack angle as 0 0.0174α = ，and 

other initial state as: 0 0g = ， 0 0q = ， 10 0.4588*0.3048*14.59η = ， 20 0.08726*0.3048*14.59η = − ，

30 0.03671*0.3048*14.59η = −  ，and set the oil supplying law as constant as 0.1cφ φ= = and 

choose the control as 0cδ = ，then the free flying test can be done by numerical simulation to make 
0α = ， 0iη = , and simulation time is set as 0.5 second.  

Numerical Simulation and result analysis 
With above model and air coefficients and set initial condition as above paragraph and write a 

program with m language in Matlab software, then the simulation can be done and simulation 
results can be shown as following figures. 
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Fig 1 The curve of attack angle                 Fig 2 The curve of the height 
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Fig 3 The curve of speed                     Fig 4 The curve of pitch angle 
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Fig 5 The curve of oil supplying factor                Fig 6 The curve of thrust 
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Fig 7 The curve of resistance                 Fig 8 The state of first elastic shape 
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Fig 9 The state of second elastic shape             Fig 10 The state of third elastic shape 

It can be seen from simulation that divergence speed of elevation angle decreases by 90% in 0.5 
seconds flight of the fixed attack angle and elasticity. The thrust and drag are relatively stable at the 
same time. The change reduces more than 95%, the coupling of visible engine and attack angle is 
very serious. At this point, the flight is close to the missile at low speed, so flight time of no control 
can be increased to 5s or longer without causing divergence.  
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Conclusion 
The research shows that the stability control of attack angle is of great significance to the stable 

of engine thrust. So it also shows that hypersonic flight vehicle control and engine must be designed 
separately. The change of elastic body shape influencing on control is also very big, the trinity must 
be considered at the same time. 

References 
[1]Buschek H and Calise A J.Hypersonic flight control system design using fixed order robust 
controllers[A].In:AIAA Guidance,Navigation and Control Conference[C].Chattanooga,TN, AIAA 
95-6062  

[2]Buschek H，Calise A J．Uncertainty modeling and fixed-order controller design for a 
hypersonicvehicle model．Journal of Guidance,Control and Dynamics，1997，20(1)：42-48.  

[3]Heller M and Sachs G.Flight dynamics and robust control of a hypersonic test vehicle with 
ramjet propulsion[A].In:AIAA International Space Planes and Hypersonic Systems and 
Technologies Conference[C].Norfolk,VA,AIAA 98-1521  
[4]M. Ohno, Y. Yamaguchi, T. Hata, M. Takahama, Robust flight control law design for an 
automatic landing flight experiment [J], Control Engineering Practice, 1999, 7(9):1143-1152 

[5]Naidu S D,Banda S S and Buffington J L.Unified approach to 2H  and H∞  optimal control of a 
hypersonic vehicle[A].In:Proceedings of the American control conference[C].San Diego, 
California,1999,vol.4:2737-2741. 

[6]Wang Q，Stengel R F．Robust nonlinear contro1 of a hypersonic aircraft[C]．In：AJAA 
Guidallce，NaVigation，a11d Control Conference and Exllibit．Portland，OR 1999，AIAA 99-4000． 

[7]Wang Q，Stengel R F．Robust nonlinear control of a hypersonic aircraft [J]．Journal of Guidance，
Control，and Dynamics，2000，23(4)：577-585． 

[8]Ohno M, Yamaguchi Y, Hata T, et al. Robust flight control law design for an automatic landing 
flight experiment [J]. Control Engineering Practice, 1999, 7 (9):1143-1152. 
[9]Roy Smith, Asif Ahmed, Robust parametrically varying attitude controller designs for the X-33 
vehicle [A], In: AIAA Guidance, Navigation, and Control Conferenceand Exhibit [C], Denver: 
AIAA, 2000-4158 
 

589


	P2PDepartment of navigation, Dalian Naval Academy Dalian, 116018
	P3PDepartment of Training, Naval aeronautical and astronautical University
	Yantai, 264001
	PaPchujunbo1024@126.com
	Keywords:  aircraft; simulation; open loop; virtual flying; stability
	Abstract.  A kind of numerical simulation method is used to testify the open loop response of a kind high speed aircraft. Since the final aim is to the testify the rightness of the system model and its corresponding air coefficients, so virtual flying...
	Introduction
	Model Description
	Simulation settings of free flying
	Numerical Simulation and result analysis
	Conclusion
	References



