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Abstract–Synchronous machine is a two-excitation machine and is widely used in energy 

conversion systems such as wind energy conversion system and hydropower plants. Providing and 

regulating the direct current of the excitation coil of the synchronous machine is the main task of 

the excitation system. The excitation system in the synchronous machine must have a high voltage 

limit. For high reliability, each generator has its own exciter. The excitation system by controlling 

the excitation voltage can control the voltage and reactive transmission power and strengthen the 

stability of the system and cause the proper operation of a power system. In the dynamic analysis 

of the power system, to check the stability of the synchronous generator, it is enough to consider 

the excitation system and its primary drive controls can be ignored. In this article, the aim is to 

study and simulate the behavior of a no-load synchronous generator equipped with a static 

excitation system. Changes in the output voltage of the excitation system due to changes in the 

parameters of the excitation gain reduction (TGR) and the excitation system stabilizer (ESS) have 

been investigated. The simulation results show the effect of TGR and ESS on damping the 

oscillatory response and reducing the settling time of the response. 
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1. Introduction 
 

Today, the integration of renewable energy sources in 

power systems has become important due to the characte-

ristics similar to synchronous machines [1,2]. Synchronous 

machine is one of the main parts of a power system [3,4]. 

Synchronous machines including synchronous generators 

[5,6] and synchronous motors [7,8] are widely used in 

energy conversion systems. Synchronous generator is used 

to convert mechanical energy into electrical energy. 

Synchronous generator and its related controls form the 

most important part of an electric power system. The 

generator excitation system is a voltage stabilizer and 

reactive power controller and plays an effective role in the 

stability of the generator in the fault or transient state. In 

order to strengthen the transient stability, the excitation 

system must respond to the disturbance quickly, and to 

strengthen the stability of the small disturbance, it must 

apply the appropriate signal to the generator excitation. 

During fluctuations in a power system, the mechanical 

torque changes with the opening and closing of the valves 

feeding the turbines. These are rapid oscillatory damping 

changes. In a power system, when the power demand 

changes suddenly, the regional frequency and the power 

exchange in the connecting lines are both subject to change. 

Changes in load demand are reflected by changes in the 

frequency of the power system and changes in the electrical 

torque of the generator output. With the balance of active 

power, the frequency of the system remains constant, and 

the imbalance of active power can directly affect the 

frequency and speed of the generator.  

To regulated the terminal voltage and to control the fre-

quency, synchronous generators have two automatic contro-

llers called automatic voltage regulator (AVR) and load-

frequency control (LFC). These controllers indirectly affect 

the active and reactive powers of the generator. Fig. 1 

shows a single machine power system with control systems. 

There are various means of supplying dc power to the 

field winding of an electric machine. Excitation systems 

can be divided into three groups based on the excitation 

power source: direct current (dc) excitation system [9], 

alternating current (ac) excitation system [10] and static 

excitation system [11,12] 
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be seen, the phase of the TGR transfer function at high 

frequencies is equal to zero, and the minimum value of the 

phase is about 55 degrees at the angular frequency of 0.3 

radians/second. 

 

 

 
Fig. 3. Frequency response of transient gain reduction transform function 

 

3. System Equations in State Space 

 

By choosing the four state variables UA, UC, UT and UF 

according to fig. 4, the system equations in the state space 

are: 

 

 
Fig. 4. Introduction of system state variables 
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The initial conditions for state variables are: 
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mined using the differential equation of state variable UA: 
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4. Simulation Results and Discussion 

 

Simulation results without considering the effect of 

TGR and EES in fig. 5 [in this case UC=UF=0], without 

considering the effect of EES and considering the effect of 

TGR in fig. 6 [in this case UF=0], considering the EES 

effect and without considering the TGR effect is shown in 

fig. 7 [in this case UC=0] and considering the EES and TGR 

effect is shown in fig. 8.  

 
(a) Changes in excitation voltage (EF) 

 

(b) Changes in terminal voltage (UT) 

Fig. 5.Simulation results without considering the effect of EES and TGR 

(TC=0, TB=0, KS=0) 

 

As can be seen, there is oscillation in the power system 

without the effect of EES and TGR, and a lot of time is 

needed to damp the response, so EES or TGR is needed to 

damp the oscillatory response. Normally, either TGR is 

used in the forward path or EES is used in the feedback 

path. 

In fig. 5, the system is simulated without the effect of 

ESS and TGR. In other figures, the system response has 

been compared with this mode. The effect of the ESS and 

TGR is shown in other results. 

The simulation results for three different values of time 

constant T'do are shown in figs. figs. 9 and 10. As can be 

seen, with the increase of the time constant T'do, the 

response fluctuations decrease. Using a ESS or TGR helps 

in reducing the settling time for when the T’dois small. 
 

 
(a) Changes in excitation voltage (EF) 

 
(b) Changes in terminal voltage (UT) 

Fig. 6. Simulation results with TGR and without considering the effect of 

EES (TC=1s, KS=0) 

 
(a) Changes in excitation voltage (EF) 
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(b) Changes in terminal voltage (UT) 

Fig. 7. Simulation results with ESS and without considering the effect of 

TGR (TC=0, TB=0, KS=0.03) 

 
(a) Changes in excitation voltage (EF) 

 
(b) Changes in terminal voltage (UT) 

Fig. 8.Simulation results without considering the effect of EES and TGR 

(TC=1s, KS=0.03) 

 
Fig. 9. The effect of time constant T'do on changes of excitation voltage 

without considering the effect of ESS and TGR (TC=10s, KS=0) 

 

 
Fig. 10. The effect of time constant T'do on changes of excitation voltage 

without considering the effect of ESS and TGR (TC=10s, KS=0) 

 

5. Conclusion 

 

The current of the synchronous machine is controlled in 

such a way as to change the terminal voltage of the machine. 

The time constant of the field circuit is high and fast field 

control requires a forced field. 

Excitation system is considered as a system that is used 

to generate flux by passing current in the field coil. The 

main requirements of an excitation system are reliability 

under all service conditions, simplicity of control, ease of 

maintenance, stability and fast transient response. 

Automatic generator voltage control systems in power 

plants use a static excitation method to improve transient 

stability. In this article, the study and simulation of no-load 

synchronous generator equipped with static excitation 

system was presented. The simulation results have shown 

the effect of reducing the transient gain and stabilizer of the 

excitation system on the excitation output voltage. As stated, 

for damping the oscillatory response, a stabilizer of the 

excitation system is needed in the feedback path and the 

transient gain reduction in the forward path. The results 

show that the ESS or TGR are necessary to correct the 

system response, which tends to oscillate and has a long 

settling time. Also, there is no significant advantage in the 

presence of ESS and TGR simultaneously in the system. 

The studied system is for generator without load, which can 

be generalized to the system with generator with load. 

References 

 

[1] M. Ashabani, J. Jung, "Synchronous voltage 

controllers: Voltage-based emulation of synchronous 

machines for the integration of renewable energy 



Journal of Applied Dynamic Systems and Control,Vol.5, No.2, 2022: 96-101 

 
101 

 

 

sources", IEEE Access, vol. 8, pp. 49497-49508, 2020, 

doi: 10.1109/ACCESS.2020.2976892. 

[2] R. Wamkeue, F. Baetscher, I. Kamwa, "Hybrid-state-

model-based time-domain identification of synchr-

onous machine parameters from saturated load 

rejection test records", IEEE Trans. on Energy 

Conversion, vol. 23, no. 1, pp. 68-77, March 2008, 

doi: 10.1109/TEC.2007.914663. 

[3] C. Sun, S. Q. Ali, G. Joos, F. Bouffard, "Design of 

hybrid-storage-based virtual synchronous machine 

with energy recovery control considering energy 

consumed in inertial and damping support", IEEE 

Trans. on Power Electronics, vol. 37, no. 3, pp. 2648-

2666, March 2022, doi: 10.1109/TPEL.2021.3111482. 

[4] Y.J. Kim, J. Wang, X. Lu, "A framework for load 

service restoration using dynamic change in 

boundaries of advanced microgrids with synchronous-

machine DGs", IEEE Trans. on Smart Grid, vol. 9, no. 

4, pp. 3676-3690, July 2018, doi: 

10.1109/TSG.2016.2638854. 

[5] H. Fayazi, M. Moazzami, B. Fani,G. 

Shahgholian,"Coordination of protection equipment in 

synchronous generator-based microgrids with regard 

to maintaining first swing stability", Journal of 

Intelligent Procedures in Electrical Technology, vol. 

14, no. 53, pp. 1-14, June 2023, dor: 20.1001.1.2

3223871.1402.14.54.2.8. 

[6] G. Shahgholian, E. Mohagheghian, M. Mahdavian, S. 

Farazpey, M. Azadeh, M. Janghorbani, "Design of the 

controller for synchronous generator exciting system 

by FBL and H∞ methods", Proceeding of the 

IEEE/ECTI-CON, pp. 1-6, Chiang Mai, Thailand, 

June/July 2016, doi: 10.1109/ECTICon.2016.7561236. 

[7] M. Manoochehri, J. Faiz, G. Shahgholian, “Improving 

the drive system of permanent magnet linear synchro-

nous motor based on direct thrust force control 

applying space vector modulation”, Journal of 

Intelligent Procedures in Electrical Technology, vol. 3, 

no. 11, pp. 41-52, Sept. 2013, dor: 20.1001.1.232238-

71.1391.3.11.6.9. 

[8] Q. Wu, Y. Huang, C. Li, Y. Gu, H. Zhao, Y. Zhan, 

"Small signal stability of synchronous motor-generator 

pair for power system with high penetration of 

renewable energy", IEEE Access, vol. 7, pp. 166964-

166974, Nov. 2019, doi: 10.1109/ACCESS.20-

19.2953514. 

[9] S.J. Wang, J.G. Peng, "A study on the effect of 

different manners in active underwater electrolocation 

based on direct current excitation", Proceeding of the 

IEEE/ASEMD, pp. 77-80, Sydney, NSW, Australia, 

Dec. 2011, doi: 10.1109/ASEMD.2011.6145072. 

[10] Y. Yan et al., "Research on control parameter setting 

method of ac excitation system of variable speed 

pumped storage unit", Proceeding of the IEEE/CIEEC, 

pp. 3775-3780, Nangjing, China, May 2022, doi: 

10.1109/CIEEC54735.2022.9846211. 

[11] H. W. Gayek, A.C. Hupp, "A high-speed voltage-

regulating and static-excitation system for A-C aircraft 

generators", Trans. of the American Institute of Electr-

ical Engineers, Part II: Applications and Industry, vol. 

79, no. 5, pp. 422-426, Nov. 1960, doi: 10.1109/T-

AI.1960.6371594. 

[12] K.M. Choo, W.S. Jung, J.C. Kim, W.J. Kim, C.Y. 

Won, "Study on auto-tuning PID controller of static 

excitation system for the generator with low time 

constant", Proceeding of the IEEE/ICEMS, pp. 755-

759, Jeju, Korea (South), Oct. 2018, doi: 

10.23919/ICEMS.2018.8548983. 

[13] IEEE Committee Report, "Excitation system models 

for power system stability studies", IEEE Trans. on 

Power Apparatus and Systems, Vol. PAS-100, No. 2, 

pp. 494-509, Feb. 1981, doi: 

10.1109/TPAS.1981.316906. 

[14] M.S. Ghazizadeh, F.M. Hughes, "A generator transfer 

function regulator for improved excitation control", 

IEEE Trans. on Power Systems, Vol. 13, No. 2, pp. 

435-441, May 1998. 

[15] J. Machowski, J.W. Bialek, S. Robak, J.R. Bumby, 

"Excitation control system for use with synchronous 

generators", IEE Proc. Generation, Transmission and 

Distribution, Vol. 145, No. 5, pp. 537-546, Sep. 1998, 

doi: 10.1049/ip-gtd:19982182. 

[16] A. Barakat, S. Tnani, G. Champenois, E. Mouni, 

"Analysis of synchronous machine modeling for 

simulation and industrial applications", Simulation 

Modelling Practice and Theory, vol. 18, pp. 1382–

1396, June 2010, doi: 10.1016/j.simpat.2010. 05.019. 

[17] E. Mohagheghian, G. Shahgholian, B. Fani, “Synchr-

onous generator excitation system controller design 

using feedback linearization and H-infinity methods”, 

vol. 5, no. 4, Signal Processing and Renewable 

Energy, pp. 29-49, Dec. 2021, dor: 

20.1001.1.25887327.2021.5.4.3.8. 

[18] G. Shahgholian, M. Mehdavian, M. Azadeh, S. 

Farazpey, M. Janghorbani, "The principle of effect of 

the transient gain reduction and its effect on tuning 

power system stabilizer," Proceeding of the 

IEEE/ECTI-CON, pp. 1-6, 2016, Chiang Mai, Thail-

and, June/July doi: 10.1109/ECTICon.2016.7560906. 

[19] G. Shahgholian, “PID controller design for load-

frequncy control in power system by hydro-turbine 

including trinsient droop compensation”, Journal of 

Iranian Dam and Hydroelectric Powerplant, vol. 2, no. 

5, pp. 50-64, 2015, dor: 20.1001.1.23225882.1394.2.-

5.2.7. 

 


