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Abstract:

In this study, by using two variables of the angle between voltage and current (6sg) and terminal voltage
(Vsg) in a precise combinational logic, a new protection method is presented to detect the excitation
loss of a synchronous generator. In this structure, the changes in 0sg of the machine are continuously
monitored and if it becomes positive, the changes in the Vsg parameter are examined. In this situation,
if the amplitude of Vsg is greater than 0.95 per unit, it indicates the response of the machine control
system and the normal operation of the machine will continue. However, if the magnitude of Vsg
decreases and reaches a value less than 0.95 per unit, excitation loss occurs and the generator trip
command is issued. The combined method proposed in this study has been evaluated in the
MATLAB/Simulink (2017b) software environment during different scenarios of excitation loss and
power system transients on the IEEE standard 39-bus system. The results of the simulations confirm the
effectiveness of the proposed protection model. It should be noted that the superiority of the proposed
method in terms of accuracy, speed, simplicity and implementation cost has also been compared with
the impedance method.
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Figure (1): Flowchart of the proposed loss of excitation protection method
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Figure (3): Simulation loss of excitation loss occurrence under light load conditions (generator operating in over-
excitation mode) and heavy load conditions (generator operating in under-excitation mode)
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Figure (5): Simulation results of the occurrence of complete and partial excitation loss under heavy and light
generator loading in over excitation operating conditions
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excitation operating conditions

Sy Lyge & )l bl 50 5855 S g e (6 IS o 5 ans oligS Jlasl (las (g5le and s (F) S

S 25 A -0
M oS 5 Bhate S yo 5 0005 Ll Bsg Vg Jolds (bl iy 90 onds plowil (lo Judo ulasl y addllas (ol 5o

oSl Gios &g )0 g a3 S 1B w050 Glojen jsb 4 Osg 9 Vg slo il by o sbla> shaie cpl jo aad aid S
YA 3 lwbewl s 55, 2 00l plowl Slagilo aed @ls 39,5 (oo plolid G20 had £985 ol (sl o0l Gy ye5
o S e it les oo a1 soloiing Jow 335 5 &y o,Shas Matlab/Simulink 18l a5 o IEEE o5
135 Ol 2) Oy & Ol | (SBla> Bt

Lol g, o 51 o)1 poled 5 S 28 @b calizes glgil oot v/

celin Sloj 0,90 S (b S0 @l sladl ples glulis v/

298 s 51000 Ll 51 T 3 Shos 3 5l pae V/

s Ll 50 ooy ik anja o5 5 oole (55 54 V)

&= wReferences

AR


http://dx.doi.org/10.82362/jeps.2025.w.523
https://jeps.dezful.iau.ir/article-1-523-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-25 ]

[ DOI: 10.82362/jeps.2025.w.523 ]

Journal of Novel Researches on Smart Power Systems - Vol. 13 - No. 4- Winter 2025

e g b 5 59 o3lail g by 5 5y o argly slo el )l g (i ool (oS S Blaie SO

[1] A. Hasani, F. Haghjoo, F. F. da Silva, and C. Leth Bak, “Synchronous generator loss of field protection: A
real-time realistic framework and assessment of some recently proposed methods,” IEEE Trans. Power Del., vol.
34, no. 34, pp. 971-979, June. 2019.

[2] M. Alla, A. Guzman-Casillas, D. S. Finney, and N. Fischer, “Generator loss-of-field protection,” U.S. Patent
Application 16/425,763, 2020.

[3] S. H. Horowitz, A. G. Phadke, ‘“Power System Relaying,” third edition, John Wiley & Sons Ltd, 2008.

[4] D. Reimert, “Protective Relaying for Power Generation Systems,” Boca Raton, London, New York, third
edition, Taylor & Francis, 2006

[5] C. R. Mason, “New loss-of-excitation relay for synchronous generators,” AIEE Trans., vol. 68, no. 2, pp.
1240-1245, 1949.

[6] J. Berdy, “Loss of excitation protection for modern synchronous generators,” IEEE Trans. on Power App.
Syst., vol. PAS-94, no. 5, pp. 1457-1463, Sep./Oct. 1975.

[7] A. P. Morais, G. Cardoso. Jr., L. Mariotto, L. N. Canha, “Performance evaluation of the adaptive loss of field
protection in synchronous generators by means of the positive offset method,” IEEE Latin America Trans, vol. 7,
no. 6, pp. 643 — 649, 2009.

[8] Momeni, E., H. Yaghobi, and A. Shahzadi, Using dynamic state estimation to detect loss of excitation in
synchronous generators. IET Generation, Transmission & Distribution, 2024. 18 Issue 3 Pages 639-652.

[9] Hemavathi, R. and M. Geethanjali, Machine Learning Approach to Differentiate Excitation Failure in
Synchronous Generators from Power Swing. 2023.

[10] Hemavathi, R. and M. Geethanjali, Ensemble machine learning approach to identify excitation failure in
synchronous generators. Engineering Failure Analysis, 2023. 152: p. 107506.

[11] Chatterjee, S., D. Das, and K. Bhattacharjee. A High Speed Method for Loss of Excitation Detection. in
2022 IEEE Global Conference on Computing, Power and Communication Technologies (GlobConPT). [12] H.
A. A el-Ghany, E. S. Ahmed and A. E. ELGebaly, A Reliable Loss of Excitation Protection Technique Based on
EPFA for Synchronous Generators. IEEE Transaction on power Delivery, 2022. 37(3): p. 1445-1455.

[13] Z.A. Barakat, A. A. Hajjar, T. Kherbek, H.H. Alhelou, “Discriminating between loss of excitation and power
swings in synchronous generator based on ANN,” Journal of Control, Automation and Electrical Systems, vol. 30,
pp. 545-556, March. 2019.

[14] S. Nandkeolyar, “ Improvement of loss of excitation protection of an alternator in the presence of shunt-
Facts- A comprehensive review,” International Journal of Electrical Power & Energy Systems, vol. 114, 2020.
[15] R. Fathi-Shoob, M. Niaz-Azari, “New method to detect loss of excitation in synchronous generators,” IETE
Journal of Research, early access, 2021.

[16] Kiruthiga, M. and S. Periasamy, Impact of STATCOM on the Loss of Excitation Protection, in Al
Approaches to Smart and Sustainable Power Systems, IGI Global. p. 101-119, 2024.

[17] Gulati, V. and K. Verma. Supervised Machine Learning to Identify Loss of Excitation and Power Swing in a
Generator. in 2023 7th International Conference on Computer Applications in Electrical Engineering-Recent
Advances (CERA). 2023.

[18] Xiao, M., et al. Study on the coordination strategy of generator loss of excitation protection and low
excitation limit. in International Conference on Mechanisms and Robotics (ICMAR 2022). 2022. SPIE.

[19] Guo, Z., etal., A complete protection strategy for loss of excitation of large-scale synchronous condenser in
UHVDC. CSEE Journal of Power and Energy Systems, 2023.

[20] Shoob, R.F. and M.N. Azari, New method to detect loss of excitation in synchronous generators. IETE
Journal of Research, 2023. Vol. 69 Issue 6 Pages 3859-3870.

[21] Y.Anamika, A.Mishra, M. Bhatnagar. "Detection of partial loss of excitation faults in generator in the
presence of UPFC." Journal of The Institution of Engineers (India): Series B 102: 213-226, 2021.

[22] M. S. Fatolahi, S. Hosseini- Hemati, A. Rastgou and S. Kharrati, " A multi- variables loss of excitation
protection scheme to improve the factors of accuracy and speed of detection than the conventional impedance
relay. The Journal of Engineering, Vol. 2023-Issue 11,01 November 2023.

[23] S. Hosseini-Hemati, A. rastgou, M.S. Fatholahi, S. Kharrati, " A New Hybrid Loss of Excitation Protection
Scheme based on the Execution of the Most Effective Variables of Synchronous Generators™, Journal of Novel
Researches on Smart Power Systems - VVol. 12 - Issue. 4 Pages 65-75 — Winter 2024.

[24] Ali Darvish Falehi, " Designing an energy storage system based on type Il fuzzy logic controller to reduce
dc-link voltage fluctuations of permanent magnet synchronous generator wind turbine”, Journal of Novel
Researches on Smart Power Systems - Vol. 11 - Issue. 4 Pages 23-32 — Winter 20

Yy


https://jeps.dezful.iau.ir/search.php?sid=1&slc_lang=en&author=Darvish+Falehi
https://jeps.dezful.iau.ir/article-1-447-en.pdf
https://jeps.dezful.iau.ir/article-1-447-en.pdf
http://dx.doi.org/10.82362/jeps.2025.w.523
https://jeps.dezful.iau.ir/article-1-523-fa.html
http://www.tcpdf.org

