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Abstract. A kind of Sliding mode controller is designed for a kind of pitch channel model of
hypersonic aircrafts. The main task is to realize attack angle tracking of hypersonic aircrafts.
Compared with traditional sliding mode design method, the main difference is that the sign function
is not used and a kind of proportional control item is directly used to reduce the chattering
phenomenon. At last, detailed simulations are done to show the rightness of the proposed method.

Introduction

In 1980s, China began to study the concept of near space vehicle, which the main task was to track
small space shuttle in the beginning. And in the early of 1990s, CALT proposed the design of
"Tianjiao™ small space shuttle. In the second half of 2002, "of the aerospace safety issue has been
established. The project of "Some key fundamental problems of aerospace safety” has been
approved. In April, 2006, the Department of Mathematical Sciences in National Natural Science
Fund Committee held a meeting of "near space vehicle development trend and major scientific
problem in Foundation seminar". Hypersonic control problem is also a hot and difficult problem in
the control field at home and abroad in the last ten years. As academician Huang Lin pointed out,
the strong coupling of hypersonic vehicle, classical nonlinear and fast time-varying characteristics
of the control of science has brought great challenges. So it is no doubt that the research on the
control theory of hypersonic vehicle is of great significance. Based on the above background, a
sliding mode control algorithm for a class of hypersonic vehicle is studied in this paper.

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:
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And V is speed,?is the speed angle,« is attack angle,Qis the attitude angle speed, his the
height. ¢ is the oil supplying factor, o, isthe duck wing and &, is the lift rudder.
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Sliding Mode Controller Design

We first design the control target isa. — a, the expected value isa® = 1/57.3. The sliding
mode surface is selected as:

Ss=e+ce+c,Q 9)
Inwhich ¢ > 0,c, > 0 from the formula, we can get:
§=¢€+ce+cq (10)
In which
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c,,and c . areall constant, then the formula (10) derivation can be written as:
S =u+ K53 (12)
in which ,U is intermediate.
Also because:
E=a-a" =a=q-7y (13)
While
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mv Vv
E=d=0-7 (15)
By model parameters, we can get:
L = q,sC, (16)
T = 0, SCr (17)
Then brought into the term, we can obtain:
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Also because
e=oa-0o'=a=0q-7 (21)
So,
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While
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In which,
¢, = 0.02928 — 0. 02920 (24)
Then
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Also because:
$ =€+ cCce+c( (26)

From the previous formulas = aaa + Ko , it can be concluded that:
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0. 0292q,s¢, (1 + c,)
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So
aaa = (1+c)y—-cq-cy—7 (28)
$§ = aaa + ko (29)
kd = —aaa — 5s (30)
To sum up, we can get:
5 = —aaak— 5s (31)
Design of angle tracking sliding mode controller is as follows:
5 = —aaak— oS (32)

Simulation Results
According to the controller design procedures, simulation results can be obtained as shown below:
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From the above simulation results,we can see that in the procedure, referencing the sliding mode
control method and designing the desired sliding mode surface and the equivalent control law can
quickly respond to the input transformation. What’s more ,It is not sensitive to the parameter
transformation and the disturbance, which can overcome the uncertainty of the system, and has
strong robustness to the disturbance and the non modeling dynamics. Especially it has good effect

in the control of nonlinear system [8].
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Conclusions

According to the nonlinear model of hypersonic vehicle pitch channel, this paper gives the angle
tracking controller for a class of sliding mode control design method, and the digital simulation
verified the correctness and effectiveness of the method. And the difference between it and
traditional sliding mode control method is that this paper does not use the symbolic function mainly
to avoid the flutter but introduces a simple proportional control. The simulation results show that
the scheme is feasible.
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