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Abstract: The aim of this paper is to design a sliding-mode variable structure controller (SMC) 
which based on the model of BLDCM. SMC is insensitive to turbulence which can depress 
influence of disturbances to BLDCM, and a novel variable exponent reaching law which can reduce 
the shuttering effectively is designed. A disturbance observer which is used to eliminate the error of 
the system, and it has a better effect. The simulation illustrates that the controller (SMC) express 
better in the control of the BLDCM and it has a good strong robust against disturbances.  

1. Introduction 
The brushless DC motor has good speed control characteristic and higher operating efficiency as 

DC motor, and all so has high reliability as AC motor.. Because of its simple structure and 
convenient maintenance, BLDCM has a wide application in the industrial field [1-3]. 

The brushless DC motor usually use PID controller, but PID controller can't meet the 
requirement of servo system because of its poor regulation of parameter change and disturbance 
change. The neural network and model reference adaptive control algorithm is difficult to realize 
because of its complex structure, large computation and high hardware requirements [4-5]. In fuzzy 
control, the fuzzy rules have mutual influence, and it has a high requirements for operator 
experience, so the effect is not ideal [6-9]. 

Sliding mode variable structure control [10] is insensitive to parameter perturbation and internal 
and external disturbances, and is widely used in Brushless DC motor control. Sliding mode variable 
structure control achieves its strong anti-interference ability through its discontinuous switching 
phase, which undoubtedly improves the robustness of the system, but it also brings buffeting to the 
system, so that it has limit in the engineering application. In document [11], an exponential approach 
law is used to reduce the chattering of the system. This method has achieved good results, but the 
exponential approach law only makes the system approach a region of the origin, and it can not 
really make the system approach the origin. 

Document [12-16] uses intelligent control combined with variable structure control to suppress 
chattering, but there is no compensation for the change of load torque. In this paper, a sliding mode 
variable structure speed controller is proposed. The torque observer is used to compensate the 
system torque, so that the DC motor has a high speed regulation performance. 

2. The mathematical model of brushless DC motor 
Brushless DC motor adopts star connection method, and no center line is connected. When it 

works normally, the two phases are connected, so it works in 6 states, and the counter electromotive 
force is trapezoidal wave,and its flat top width is 2/3 angle. The motor works in the state that the 
magnetic circuit is unsaturated. So the voltage balance equation of three-phase winding is: 
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                                         (1) 

Where r is resistance of stator phase winding, , ,a b cu u u is the voltage of Stator phase winding, 
, ,a b ce e e is the counter electromotive force of Stator phase winding, , ,a b ci i i is the current of Stator 
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phase winding, L is the self-induction of phase winding, M is the mutual inductance between two 
phase windings, D is the differential operator dD d t= . 

According to the motor voltage balance equation and the torque balance equation. We obtain the 
state equation of Brushless DC motor power system as 
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                                          (2) 
In the control of Brushless DC motor, the controller achieves the purpose of controlling the 

speed of the motor by controlling the output average voltage of the PWM inverter. 
The design of sliding Mode Controller based on a disturbance observer 

2.1 Sliding mode control based on reaching law 
Consider the following nonlinear affine systems 

( ) ( ) ( )x f x b x u d t= + +                                                            (3) 

Where nx∈R , mu∈R are system status and control vector, , , ( )f b d t are smooth uncertain vector 
field, ( )d t is system disturbance. 

Setting the sliding mode switching surface expression as 

s cx=                                                                       (4) 
Where c is a N-dimensional row vector. 
Setting the control input of affine system as 
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In the phase plane, when the state is not in the sliding surface, the variable structure controller 
will force the state to the trend of the sliding surface. When the state is running to the sliding 
surface, the system state will always be on the sliding surface movement to state stable point. 

In order to reduce the chattering, the following exponential reaching law is proposed 

sgn( )s ks s sα= − −                                                             (6)

 

When approaching the sliding surface, the exponential term decreases rapidly and approaches 
zero. sgn( )s sα− the phase change plays a major role. The s  term makes the control term 

sgn( )s sα−  in the variable structure control law smaller, and approaches the origin finally. 
A controller based on the approach law is designed 

s cx slaw= =                                                                   (7) 

Where slaw is the approach law (6). 
Substituting the expression (2) into (7), we obtain the control input 

1[ ( )] [ ( ) ( ) ]u cb x cf x cd t slaw−= − + +                                                    (8) 
2.2 The design of sliding Mode Controller 

For motor models (2), setting the system command speed as *ω , and we have system tracking 
error as 

*e ω ω= =                                                                    (9) 
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Substituting the expression (9) into (2), we obtain 
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Where 1x e= ; 2x e=  . 
So 
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Substituting the above expression into (8), we obtain the control input u . 
In order to reduce the steady-state error of the system, it is necessary to observe the disturbance, 

and then use the observation value to feed forward the disturbance and eliminate the steady-state 
error of the system. 

In this paper the disturbance torque observer is constructed by using the torque, current and 
speed of the system. 

Torque equation of Brushless DC motor can be written as 
d
dt lK i T J B

t
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                                                           (11) 
Design observer that 
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Where m is the constant. In order to reduce the high frequency noise caused by the differential 

speed in the numerator, the filter is added to the observer. The error of the observer decays 
exponentially to zero with time, and the closure speed is determined by 1/m. 

3. Numerical Simulations 
In the actual simulation, the selected prototype parameters are as follows: Phase resistance of 

stator 2.3R = Ω , Phase inductance 6.8L mH= ,
3 23 10J Kg m−= × ⋅ , 0.93tK = , 0.95Ke = , 0.001f N s= ⋅ , 

0.0001B = . 
Verify the controller through the MATLAB/SIMULINK. 1 0.007420K = , 2 0.95023K = , 3 0.4K = , 

4 0.95023K = , 5 2.473K = , 6 10K = , 1 500c = ,1/ 0.019m = . 
In order to observe the performance of the variable structure controller based on the disturbance 

observer, the performance of the proposed controller is compared with that of the ordinary PID 
controller. Fig. 2 is the speed response curve of the two controller when the load has a sudden 
change. At 0.1s, the load torque jumps from 20N S⋅  to100N S⋅ . The response curve of the variable 
structure controller is faster than that of the ordinary PID controller, and the fluctuation is small. It 
shows that the controller designed in this paper has fast response speed, better suppression of 
overshoot, better control effect on load change. Fig. 3 is the speed response curve of the controller 
when the phase resistance varies from 2.3Ω  to 4.5Ω , and it indicates that the controller is robust to 
parameter variations. 
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Fig 1 The speed response curve 

 
Fig 2 The speed response curve under different resistances 

4. Conclusion 
A variable structure controller of Brushless DC motor based on disturbance observer is designed 

in this paper. The controller has very good speed response and robustness. The disturbance observer 
can observe the disturbance of the system, compensate the disturbance of the system, and it obtains 
better control results. Simulation results verify the good performance of the controller. 
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