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Abstract— This paper investigates the speed regulation 

problem of permanent magnet synchronous motor servo 

system based on terminal sliding mode control method. By 

giving a non-singular terminal sliding mode manifold, a 

novel terminal sliding mode controller is designed for the 

speed loop. The controller can make the states not only 

reach the manifold in finite time, but also merge to the 

equilibrium point in finite time. so, the controller would 

make the motor speed reach the reference value, obtaining a 

faster convergence and a better tracking precision. In the 

same way, considering the large chattering phenomenon 

caused by high switching gains, composite terminal sliding 

mode control method based on disturbance observer is 

proposed inorder to minimize chattering. Through 

disturbance estimation for feed-forward compensation, the  

terminal sliding mode controller may take a smaller value 

for the switching gain without sacrificing disturbance 

rejection performance. 
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I. INTRODUCTION 

HIGH performance permanent magnet synchronous 

motor(PMSM) control system should possess the 

characteristics of rapid response, small overshoot, high 

tracking precision and strong antidisturbance ability. It is 

well known that linear control schemes, e.g., the PI control 

scheme, are already widely applied in the PMSM control 

system due to its simple implementation. However, the 

PMSM servo system is non-linear, time-varying, and 

complex system with unavoidable and unmeasured 

disturbances, as well as parameter variations. It is very 

difficult to achieve a satisfactory performance in the entire 

operating rage by only using linear control algorithms.In 

recent years, with the development of modern control theory 

and motion control, various methods of nonlinear control 

theory have been proposed for the PMSM system, such as 

adaptive control, active disturbance rejection control, 

backstepping control, finite-timecontrol, sliding mode 

control,    robust control, predictive control, fractional order 

control, and intelligent control,etc.  

These non-linear control methods have improved 

the performance of the PMSM system from different 

aspects. Among these methods, the sliding mode control 

methods are regarded to be efficient methods to improve the 

disturbance rejection and robustness properties of PMSM 

systems. However, since these methods in employ 

conventional linear sliding surfaces, the convergence rates 

of suchmethods can only at best be exponential with infinite 

settling time. To further improve the dynamic response of 

closed loop system, a direct way is to introduce nonlinear 

sliding surfaces.  

One of such nonlinear sliding surfaces is terminal 

sliding surface (TSM),which can ensure the finite-time 

convergence of states during the sliding mode stage. The 

TSM control method thus developed can guarantee that the 

states converge to the origin infinite time. The finite-time 

control of dynamical systems is of interest because systems 

with finite-time convergence demonstrate some nice 

features such as better robustness and disturbance rejection 

properties. 

One obvious disadvantage for sliding mode control 

method is the chattering phenomenon caused by 

discontinuous control law and frequent switching action 

near sliding surface. For the reduction or elimination 

problem of chattering, different methods have been studied. 

One method is to use saturation function to replace the 

signum function, which can alleviate the chattering. 

However, the performance of antidisturbance is sacrificed to 

some extent. Another method is to select suitable switching 

gain for the sliding control law since unsuitably large 

switching gain leads to large chattering. If the switching 

control gain is selected to be bigger than the upper bound of 

disturbances, the disturbances can be completely rejected.  

  Since the upper bound of disturbances is difficult to 

obtain, this often results in a conservative control law with 

large switching gain, causing large chattering. Even in the 

case that the upper bound of disturbances is precisely 

obtained, when meeting large disturbance, the control gain 

has to be chosen as a high gain, which also causes large 

chattering. An adaptive sliding mode control method is 

proposed for the position control problem, where a simple 

adaptive algorithm is utilized to estimate the bound of 

disturbances. In,a total sliding mode controller is proposed 

for the position control problem of PMSM system, where a 

recurrent-fuzzy-neural-network is adopted as a bound 

observer to facilitate adaptive control gain adjustment.  

In, an extended state observer is employed to 

estimate viscous friction and load torque. After feedforward 

compensation for these disturbances, it is pointed out that 

the switching gain of sliding mode controller can be selected 

smaller to reduce chattering. For the PMSM speed 

regulation system, the vector control scheme includes a 

speed loop and two current loops. In the traditional control 

design for the speed loop, usually a first-order model is used 

to approximately describe the relationship between the 

reference q axis current and the speed output, i.e.,the 

reference q axis current is regarded the same as the q axis 

current. Considering the developing trend in high 

performance servo systems, the relative differences in 

control periods between speed loop and current loops are 

becoming smaller or even vanishing. In this case, neglecting 

the current dynamics will degrade the closed loop 

performance of PMSM system. To this end,a second-order 

model is built to describe the relationship between and the 

speed output for PMSM system. 
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II. PROPOSED METHODOLOGY 

In this paper, by introducing a non-singular terminal sliding 

control method, a novel controller is designed for the speed 

loop. Two current loops still employ two standard PI 

controllers.The second-order model of speed regulation 

system in is introduced to describe the relationship between 

the reference q axis current and the speed output. Moreover, 

to reduce chattering, a feed-forward compensation based on 

observation for the lumped disturbances of system is added 

to the TSM feedback part. The disturbances are estimated by 

using disturbance observer (DOB). This feedforward 

compensation design helps to select a smaller value for the 

switching gain of terminal sliding mode controller and 

reduce chattering. Finally,a composite control scheme is 

developed for the PMSM speed regulation system. 

Simulation and experimental results are provided to show 

that the proposed control methods have excellent robustness 

and dynamic behavior.Since the DOB is one of the key 

techniques here, the motivation as well as some remarkable 

results of disturbance observer,should not be ignored. The 

DOB technique was originally presented by Ohnishi in 

1987. Following this direction,many DOB-based control 

schemes for linear and nonlinear systems have been put 

forward and the references therein. 

A. Model of PMSM System: 

Assume that magnetic circuit is unsaturated, hysteresis and 

eddy current loss are ignored and the distribution of the 

magnetic field is sine space. In d-q coordinates the model of 

surface mounted PMSM is expressed as follows where , are 

the stator d- and q-axes voltages, are the stator d- and q-axes 

currents, are the stator d- and q-axes inductances , is the 

stator resistance, is the rotor angular velocity, is the number 

of pole pairs, is the flux linkage, is the load torque, is the 

viscous friction coefficient, is the moment of inertia.The 

general structure of the PMSM system based on vector 

control. In order to decouple the speed and currents, the 

vector control strategy of is used. Here two PI controllers, 

which are used to stabilize the axes current errors, are 

adopted in the two current loops respectively. In this paper, 

we mainly design a controller for the speed loop. 

 
Fig. 1: Model of PMSM System

B. Current Controllers: 

The controllers employ a structure of cascade control loops 

including a speed loop and two current loops. Here two PI 

controllers are adopted in the two current loops to stabilize 

the current tracking errors of d-q axes, respectively. It is 

possible that in order to improve the current tracking 

performance, advanced control algorithms may be applied to 

both current loops. However, due to calculation complexity 

and real time implementation limitation (the sampling 

periods of current loop here are 60 s) of advanced control 

algorithms, we still employ conventional PID control 

algorithms here. 

 
Fig. 2: 

C. Simulation and Experimental Results: 

To demonstrate the performance of the proposed control 

scheme, some simulations and experimental studies have 

been done. Two comparative methods, i.e., the SMC and 

NTSM methods, are applied to the PMSM servo system 

respectively. 

The parameters of the PMSM used in the 

simulation and experiment are shown in Table:       

 
Fig. 3: 

D. Simulation Results: 

The speed regulation system of the PMSM is simulated by 

MATLAB. The speed responses of PMSM speed regulation 

system from 0 to 1500 rpm. It can be seen that the NTSM 

control scheme has a shorter settling time, and both methods 

show small overshoots. It can be seen that the speed 

response of PMSM system under the NTSM control scheme 

has a less speed drop and a better disturbance rejection. 
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Fig. 4: 

To further investigate the effectiveness of the 

proposed control scheme compared with sliding mode 

control algorithm, some real time experiments are 

 
Fig. 5: 

Carried out. The whole algorithm includes the 

SVPWM, which is implemented by the program of the fixed 

point DSP TMS320F2808 with a clock frequency of 100 

MHz. The control algorithm is implemented by using C-

program. The speed-loop and current-loop sampling periods 

are 250 us and 60 us, respectively. The saturation limit of q 

axis reference current is 9.42 A. The PMSM is driven by a 

three-phase voltage source PWM inverter using an 

intelligent power module (IPM) with a switching frequency 

of 10 kHz. The phase currents are measured by the Hall-

effect devices and are converted through two 12-bit A/D 

converters. An incremental position encoder of 2500 lines is 

used to measure the rotor speed and absolute rotor position. 

The minimum speed measurement is 0.1 rpm. The AC speed 

regulation system also includes a WZ-eddy current brake 

and a WLKC-5B controller to generate the braking torque as 

the external load disturbance. 

The WLKC-5B controller is a DC (direct current) 

constant current supply, which supports an excitation 

current for eddy current brake. Then the output torque of 

eddy current brake can be regulated by tuning the excitation 

current. Here we set the excitation current as 0.6 A with the 

external torque equals to rated load. Both switching gains of 

SMC and NTSM methods are selected.The control gains of 

both current-loops are selected.The reference speeds is 

1500rpm. 

III. CHATTERING REDUCTION BY DISTURBANCE OBSERVER 

The sliding mode control is essentially a kind of switching 

control. It uses discontinuous terms to restrict the impact 

from external disturbances and parameter variations. In 

general, the switching gain value required must be larger 

than the upper bound of the lumped disturbances.As the 

upper bound of the lumped disturbances is not easy to be 

determined, the switching gain may be selected to be 

overlarge, which will worse the system chattering 

phenomenon.Thus, if disturbances can be well observed and 

feed-forward compensation based on the observed value, the 

switching gain just needs to be larger than the upper bound 

of the disturbance compensation error and the system 

chattering will be reduced effectively. 

A. DOB-Based Composite Controller: 

In real industrial applications, systems always face with 

different disturbances, including internal disturbances and 

external disturbances. Conventional feedback-based control 

methods usually can not react directly and fast to reject 

these disturbances, although these control methods can 

finally suppress them through feedback regulation in a 

relatively slow way. This results in a degradation of system 

performance when meeting severe disturbances. One 

efficient way of improving system performance in such 

cases is to introduce a feedforward compensation part into 

the controller besides the conventional feedback part. Thus, 

a composite control method is obtained. Since in most of 

real applications, it is usually impossible to measure the 

disturbances directly, disturbance estimation techniques 

have to be developed. Disturbance observer is one of such 

efficient techniques. The diagram of disturbance observer 

(DOB) is shown: 
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Fig. 6: 

The disturbance observer parameters can be also 

chosen separately.For the disturbance observer parameter 

filter constant,when is changed from large to small value, 

the disturbance estimation dynamics response becomes 

faster. However, when its value is small enough, the 

overshoot appears accordingly. The parameter should be 

selected suitably considering trade-off between response 

speed and overshoot. 

 
Fig. 7: 

B. Simulation and Experimental Results: 

To validate the proposed composite TSM control 

method,some simulations and experimental studies about the 

NTSM+DOB of PMSM system have been done.  

The speed regulation system of PMSM is simulated 

by using the Simulink of Matlab.The reference speed is 

1500 rpm.The speed responses of the closed loop systems 

under the NTSM and NTSM+DOB control schemes. for 

simulation results. Fig. 12 shows that the rising time of the 

NTSM+DOB method is a little longer compared with the 

NTSM method. Simulation results of antiload disturbance of 

the two controllers are shown:When the same disturbance 

load is added, the maximum fluctuation of the speed of the 

system under the NTSM+DOB method is smaller. 

 
Fig. 8: 

IV. CONCLUSION 

In this paper, a composite terminal sliding mode control 

method based on disturbance observer has been proposed 

for PMSM speed regulation system. A nonsingular terminal 

sliding mode control has been introduced in the speed 

controller design to improve the dynamic response of closed 

loop system. Through disturbance estimation for feed-

forward compensation, the compensator generates a 

corrective input signal to reject disturbances so that the 

terminal sliding mode controller can take a smaller value for 

the switching gain without sacrificing disturbance rejection 

performance. Both simulation and experimental results have 

shown the effectiveness of the proposed methods. 
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