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Abstract. Based on the second-order simplified model of servo system, a new kind of nonlinear 
sliding mode surface is adopted, and the derivative of sliding surface is derived to obtain the 
variable structure control law of servo system. The Lyapunov function is chosen to ensure the 
stability of the whole system and realize the tracking of the desired steering angle. Finally, the 
simulation results verify the correctness of the proposed method. 

Introduction  
In the missile and other aircraft control system, the servo system as an executive component, is an 
important component to complete the heading control, and its performance is particularly 
significant [1]. In the flight of the aircraft, a number of structural parameters will be dramatically 
changed, and the time constant and transmission coefficient of the servo will be changed with the 
changes of servo surface hinge torque and external disturbance torque. Therefore, the control 
system is required to have good anti-interference performance and robustness. However, the current 
PID control method does not meet the control requirements of the servo system [2-3]. This paper 
applies the sliding mode variable structure control algorithm [4-5], which has good control ability 
for nonlinear system or time-varying linear system, and the sliding mode controller is designed to 
realize the stability control of the servo system, which is analyzed and verified by simulation 
results. 

Model Description 
A simplified model of a missile servo system can be described as a differential equation 1 [6-7]. 
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Where T is the inertia time constant, and 0.06T s= , u is the control input, ay  is the rotation 
speed of the servo, y is the output rotation angle of the servo, and the relationship between ay  
and u can be described by the transfer function 2 as follows. 
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Where S  is a differential operator in the transfer function. 

The whole servo gear system model can be described as figure 1. 

 
Figure 1 Schematic diagram of servo system 
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The control goal is to design the controller, so that the output position y signal of the servo 
system tracks the desired signal r [8-9]. 

Design of Nonlinear Sliding Mode Controller 
Define the error variable as e r y= − [10], the sliding surface as formula 3. 

5/3 3
1 2 3s e c e c e c e= + + +                                 (3) 

Derivation is 
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Substitute formula 4 into the above equation 3 to obtain the formula 6.  
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The control law can be designed as following formula 9.  
sgn( )a bu Tw Tk s Tk s= + +                                (9) 

Then we get formula 10. 
sgn( )a bs k s k s= − −                                (10) 

Select Lyapunov function as formula 11. 
21
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Derivation is formular 12.  
2 0a bV ss k s k s= = − − ≤

                                (12) 

From the Lyapunov stability theorem, the system is stable. 

Simulation Analysis of Variable Structure Control 
Set the control parameters as follows: c1=10, c2=0.02, c3=5, ka=20, kb=70.The simulation results 
are shown as following figure 2 and figure 3. 
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Figure 2 The output response curve of the servo Figure 3 The control volume curve 

At this time, the flutter of the control volume is too large, which is not conducive to long-life use 
of the servo. To reduce the control volume of the symbolic function control, and adjust the control 
parameters to c1=10, c2=0.02, c3=5, ka=20, kb=10, and the simulation results are shown as 
following figure 4 and figure 5. 
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Figure 4 The output response curve of the servo Figure 5 The control volume curve 

Adjust the control parameters to c1=10, c2=0.02, c3=5, ka=60, kb=0.1, and the simulation 
results are shown as following figure 6 and figure 7.  
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Figure 6 The output response curve of the servo Figure 7 The control volume curve 

At this time the system response speed is not fast enough, further adjust the parameters as c1=50, 
c2 = 0.02, c3 = 5, ka = 360, kb = 0.1, then the simulation results are as following figure 8 and figure 
9.  
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Figure 8 The output response curve of the servo Figure 9 The control volume curve 

The simulation results show that the nonlinear sliding mode control algorithm makes the 
response speed of the servo faster, and the control volume of the servo system is very smooth with 
no flutter, which meets the engineering needs.  

Summary 
Based on the simplified model of the servo system, a nonlinear sliding mode controller satisfying 
Lyapunov stability is designed and simulated. The simulation results show that the sliding mode 
variable structure control can achieve the stability control of the servo system, and the response 
curve is smooth and free of flutter, which can satisfy the requirements of dynamic and steady state 
performance at the same time. 
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