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ABSTRACT: Power system stability can be strengthened by 

controlling excitation of synchronous generators. In this paper, 

the singular perturbation method is applied to decouple the 

synchronous generator into two subsystems with different time 

scales. Based on the composite control theory of the singular 

perturbation system and the robustness of the sliding mode 

variable control, the suboptimal second order sliding mode 

control algorithm is applied to realize the control of each 

subsystem. Thus the control algorithm of each subsystem is 

obtained. The composite control of the synchronous generator 

is realized according to algorithms for each subsystem. The 

second order sliding mode control algorithm is presented in this 

paper, such that the chattering is eliminated and the robustness 

of the system is ensured. The singular perturbation algorithm is 

proposed to reduce the system dimension. The simulation 

results prove the effectiveness of the proposed algorithm. 

KEY WORDS: Synchronous generator; Singular perturbation; 

Composite control; Second order sliding mode 

摘要：通过同步发电机激磁控制，可以增强电力系统稳定性。

该文首先利用奇异摄动方法将同步发电机解耦为两个不同

时标的子系统。根据奇异摄动系统的复合控制原理和滑模变

结构控制的鲁棒性，然后采用次最优二阶滑模控制算法实现

每个子系统的控制，得到每个子系统的控制算法，再由每个

子系统的算法得到同步发电机的复合控制。该文采用二阶滑

模控制算法消去了颤抖现象并保证了系统的鲁棒性；采用奇

异摄动算法使系统降维。仿真结果证明了该算法的有效性。 

关键词：同步发电机；奇异摄动；复合控制；二阶滑模 

 

1  INTRODUCTION 

The traditional function of an excitation system [1-3] 

is to provide a proper exciting current to the excitation 

winding of a synchronous generator when there is a 

change in the output voltage. However, these 

lineari-zation methods are designed based on the 

existent of relatively accurate nonlinear system 

arithmetic models. In electrical systems accurate 

arithmetic model is hardly obtained. Thus the 

performances of these controllers are inevitably not 

assured. Model reference adaptive controls with 

different identification techniques are proposed to 

improve the scheme but these algorithms only 

applicable when system parameters change slowly. For 

various advantages such as the strong robustness under 

system parameter perturbation, external disturbance 

and the loose requirement of accurate system models, 

variable structure control (VSC) [4] is one possible 

solution for electrical systems. However, the existence 

of chattering in the system output is undesirable and 

the elimination of chattering in the system output is 

the key issue in applying VSC to electrical systems 

[4-7]. This paper proposed the application of second 

order sliding model control[8-10]  to the synchronous 

genera-tors. The synchronous generator model is first 

decomposed to lower order models according to the 

singular perturbation theory [11-12] followed by the  
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图 3  快运动子系统控制 
Fig.3  Control of fast moving subsystem 
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图 4  发电机系统输入 

Fig.4  Input to the generator system 
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图 5  有干扰慢运动子系统控制 
Fig.5  Control of slow moving subsystem with disturbances 

6  CONCLUSION  

According to singular perturbation theory, the 
complicate generator system could be decomposed to 
fast and slow moving subsystems. Second order 
sub-optimal sliding mode control could be applied to 
each of these subsystems. Results show that when the 
system parameters satisfy the constraints, the 
gene -rator quickly converges to its equilibrium 
points and chattering in the system output has 
been eliminated. 

REFERENCES 

[1] Jiang  L，Wu QH，Zhang C，et al．Observer-based  nonlinear control 

of synchronous generators with perturbation estimation[J]．Electrical 

Power and Energy Systems，2001，23(5)：359-367． 

[2] De Leon-Morales J，Busawon K，Acosta-Villarreal G，et al．Nonlinear 

control for small synchronous generators[J]．Electrical Power and 

Energy Systems，2001，23(1)：1-11． 

[3] Lu Q，Sun Y Z，Mei S W．Nonlinear controlsystems and power system 

dynamics[M]．Boston：Kluwer Academic Publishers，2001． 

[4] Utkin V I．Sliding mode in control and optimization[M]．Berlin： 

Springer-Verlag，1992． 

[5] Hung J Y，Gao W B，Hung J C．Variable structure control：A survey 

[J]．IEEE Transactions on Industrial Electronics，1994，40(1)：2-16． 

[6] Gao W B．Theory and design method of variable structure control 

[M]．Beijing：Science Press，1996． 

[7] Utkin V I，Guldner J，Shi J．Sliding modes control in electromechanical 

systems[M]．London：Taylor & Francis，1999． 

[8] Bartolini G，Pydynowski P．An improved chattering free VSC scheme 

for uncertain dynamical systems[J]．IEEE Transactions on Automatic 

Control，1996，41(8)：1220-1226． 

[9] Bartolini G，Ferrara A，Usai E．Chattering avoidance by second order 

sliding mode control[J]．IEEE Transactions on Automatic Control，

1998，43(2)：241-246． 

[10] Bartolini G，Ferrara A，Usai E．Output tracking control of uncertain 

nonlinear second-order systems[J]．Automatica，1997，33(12)：

2203-2212． 

[11] Xu K K．Singular perturbation in the control system[M]．Beijing： 

Science Press，1986． 

[12] Kokotovic P V，Khail H K，O’Reilly J．Singular perturbations in 

system and control: analysis and design[M]．New York：Academic 

Press，1986． 

 

    收稿日期：2003-05-22。 

    作者简介： 

    王  江（1964-），男，河北唐山人，博士，教授，主要研究方向为

非线性控制、电力系统及生物电工学。 

（责任编辑  丁玉瑜  张文涛） 


