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Abstract:

With the increasing expansion of nonlinear loads, renewable energy sources (such as photovoltaics
and wind turbines), and industrial automation, power quality has become a critical component of the
stability and efficiency of modern electrical power distribution networks. Among them, three main
voltage phenomena, voltage sag, voltage swell, and voltage interruption, have the largest contribution
to power quality incidents due to their ability to induce destructive stresses on sensitive electronic
equipment. This paper provides an overview of the nature, causes, and economic and operational
consequences of these three key phenomena in the context of smart distribution networks. Voltage sag,
which is often caused by sudden connections, can lead to tripping of industrial controllers and process
shutdowns, while voltage swell, which usually occurs due to sudden removal of large loads or
asymmetrical faults, challenges the life of equipment insulation. Voltage blackouts, which are the
complete loss of voltage for a certain period of time due to malfunctioning protection systems or
physical faults, cause the greatest financial losses in continuous industries. In addition to describing
the causes, this study analyzes countermeasures. Special emphasis is placed on the use of advanced
power electronics devices such as dynamic voltage compensators to quickly correct voltage swells and
overvoltage sag, as well as uninterruptible power supply systems to ensure energy continuity during
short outages. Finally, this study concludes that successful power quality management in future
networks requires a multifaceted approach including continuous monitoring, network automation, and
intelligent deployment of compensatory devices to ensure network reliability and stability.
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Table (1): Technical and practical comparison between solar energy and wind energy
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Figure (1): Voltage sag time graph, showing a sudden decrease in voltage amplitude and its return to the nominal value after
the fault is cleared.
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Figure (2): Time diagram of voltage swell, temporary increase in voltage amplitude above the nominal value and its return to
a stable state
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Figure (2): Analysis of overvoltage events in the distribution network. (a) Single-line diagram of the system, (b) Load voltage
time response diagram

Wy 3 -0
aiws 90 a4 o Gley Gae elel peduay ol el ol 5y /Yl peS w5y lade (zalS slae 4 5Ly alad
Sl o Slas Wilgi co o) o0 e 05d oo pundd Glaol b aBBs V5 i) Gae SYsb g (aids ) L) SawslisS
L o353 9,93 p wiile) Al Sl 4 (S5 Sloso ylolla i3u (55,5 Ayl 6l (aelS 5 bajsed wile) (bl
o Wy (xad ol &) slasaly sl Simmase Slkee o Sl Glallas 5 (ein) S RE o> b Lok
45l g gsleans 5 oy wile) dwgy mlio ;o (efiw Jbo gl wdy glasnls Ll Wy« oy
Ol o aS ams e plas 1) 5ldy adad oass (F) JSb 0903 o)Ll paise 5 pole) g0l b bpiaw daze &)kl
3Shoe A1 55 Ygane Cundy il yon Hio o35 4 3lge il 53 5 Sdgn /)l ReS & 5Ey e ke


https://jeps.dezful.iau.ir/article-1-564-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-11-12 ]

Journal of Novel Researches on Smart Power Systems - Vol. 15 - No. 2- Summer 2026

Oy (S SI (6551 @259 pimams 0 (SLdg (akad § 0gion 09005) (lgF CuhsS ppe 030y Aw p (5590

Ba> 3l e a0 o0 7y (Si0lS Oldes b g o Dlpapas b bolas 4 58 | (ASE g s 595 ¢ ablas Sl
Cge Wlyin 5 Cenl o 5Ly 39008 b aglin ;3 oy ol 93,5 so3k (ol o 4 Toasme 3Ly dlas as Ayl b
Olored job a1, 598 oy aw gl 5Ly Dl (B) S 0ed daio Dlpgad ¢ wles sl )b o Slee JulS a8y

Lo e olad

Voltage Interruption

Voltage (pu)

" 000 005 0.10 015 020 025 030 035 040
Time )

Uas 23 5l o (oob o 4y jldg S 5L g 59 (oabad (Gloj yloged :(F) JSC&
Figure (3): Time diagram of voltage failure and voltage return to nominal state after fault clearance
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the time domain
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Figure (7): Difference between voltage interruption and overvoltage
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Table (2): Comparison between three important power quality phenomena in the electrical energy distribution system
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Table (4): Performance comparison of power quality improvement equipment
OlF oS gt Sl 3 jShos dny o :(F) Jgur

4o Lo jlixo

5y Snolizs b3l 2395 0955 Sl oslpez | ola Conbe 42 Sy B39ty

5y Slespe Gl Sl o Sael
Sloased sl cmlie b2 s

ol s Sl e b Ol 5Ty Ol Ol Ol pe 3L
Llye el b Jle cblas 5l 5y Sty (b Sdgeyla rals

G &l O O 9 ool

Ol oz S b aje
5DC Sa 38> (b 4 5l i

olro SleGaos slazdl jo 65,0 0,053

Ol9F o re (59, yoS

gt 5By S8l 5o bl xS

ol 555

55 Ol

551 g g ol ol

Oboz 955 plejpe ol

S )8 o

sty Lialsalcdl

Obyr Seigayls 2ol (g w5 MLl
e )

2 0lP CedS Glp ral> Kl
Oyte 22585 sleas

Jesil g5

L g

e b 5lse

S5lgat s o

S35 51 oo
Lol

b S 504

o 3By 5 5551, Ol ol

S 0l @2 b o 515 oo
o

Jr=s

ol b lawgie

adgl 450

ol



https://jeps.dezful.iau.ir/article-1-564-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-11-12 ]

Journal of Novel Researches on Smart Power Systems - Vol. 15 - No. 2- Summer 2026

Oy (S SI (6551 @259 pimams 0 (SLdg (akad § 0gion 09005) (lgF CuhsS ppe 030y Aw p (5590

Sy (Seslas 2Lk -7V
ol Sl DVR L 5l (Salias slagl e Uy seiin 5 09005 b ablie lp Sliead (05550 9 (it 5l
Ol 1) a8 5Wg (a8l b cdlicalio o35 32555 b g 05 (o0 S8 ole Jb Q085 je 53 (S O)j908 S
il sl b slils o Gl ol oogame jo b 5y Lass> SUlss g obsS [Lows by by Jdo 4 DVR .aiS' o
DVR Lol Cuye 5,05 sloiuy camadl o S5y &g 5 005 35100 ecs5lus,ls slaails IS soladars a5 bylas aiile
5025 Ol el ol b oo ls a5 sl pelacs 1o 1 00iiS 8 e Canns 515 b adad 4y 5L3 a0y wls3 e a5 el ) o
5 39disn el bty e b jloo 33 5l Ygame (T 5Lin 00 (6551 1 s (SIS St SVob (sl galid e o
LAY DY) S o 5,5 S Syge 41, 65s DVR el sgame o] b )l

Vioad=V sourcetVpvr QD)
3 e 5 1 %00 Sl 4 ey b L 5y B 08 om 825 1, 230aS 3y DVR g il s oS 3ty 51
Sade 4 ooy sty lizen LU WS 5,55 1) eaile Bl ae o Ve wilgi g0 DVR wal als s yo Ve 4y b ke
b b STl e Slas @ (] slacsgase IDVR Ly s 5k 4 )b b,z oS o poe iy (oU
5y 59m08 oy (A) JS5 53 38 od S Sl | 45t Con 0> alea DVR iy (Sidgayla bz 5 il
a5 b Sy S gl 5o 1) L 55 S 090 5 32555 L DVR w09l e sualive a5 jehailon Cunl oud (g 5lward
RO PURAR

Voltage Waveform: Before Compensation (Sag Event)
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Figure (8): Representation of a severe undervoltage fault and how it is reconstructed into a perfect sine wave.
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Impact of Low Inertia on Frequency Stability in Modern Distribution Systems
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Figure (10): Comparison of system frequency response to disturbance; comparison of traditional system (high inertia) with
modern microgrid (low inertia).
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Figure (11): Modern distribution system architecture including power compensation devices (DVR, D-STATCOM, and
UPQC) to manage power quality in the presence of nonlinear loads, electric vehicle (EV) charging stations, and renewable
energy sources.
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Output Waveforms Before and After Compensation
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Figure (11): Simulation results of the performance of the power quality compensation system in the presence of voltage
disturbances and nonlinear loads; (a) improvement of the load voltage during a voltage shortage by the series unit, (b)
elimination of load current harmonics and sinusoidalization of the source current by the parallel unit.
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Table (5): Performance comparison of power quality improvement equipment
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Dynamic Simulation of Islanding Phenomenon
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Table (6): Comparison of methods for improving important power quality phenomena
Olg CaaS e Sy S LB b9 o :(F) Jgur

ity by | (bl mil) Buad odgdy | Liediey i YS! Jail £ b blis
Syt 3 99:05) 3jlge ool | g 6 ) eSS | ZedeS Plol mhaw (VL
(Jolwi pas 5 Sdge,la 5Ly (s)lso (s G j0 don) lgs

el sl e ey
O sty

UPQC ok 93y eelx el

DVR 5Ly SguaS 5Ly Sguiin g SguaS & o

e 3lg Sgmien g les ol ) o elaienss
D-STATCOM Joles pas g 5y pelass pae s dgrdan 25a e OlF Olrz) 0pglitesiz
Jobs (Sgeyla ld 56 Jolw
PI 05 (55 (s

Ly
NAGETISER LR
THD § zg0
P ol s Qlaebl B Sl

)9"1“’)5&“"")" Reiy u‘)—w 61).3

551 ek Sgala Bi> Segeyle Sjlgs

VY


https://jeps.dezful.iau.ir/article-1-564-en.html

Journal of Novel Researches on Smart Power Systems - Vol. 15 - No. 2- Summer 2026

[ Downloaded from jeps.dezful.iau.ir on 2026-11-12 ]

Oy (S SI (6551 @259 pimams 0 (SLdg (akad § 0gion 09005) (lgF CuhsS ppe 030y Aw p (5590

oS 5 pilie bossay (p) Fe S oSl s (S5 Ll ph den sl gonly Sl e a5 s o lis b o
SlS $p5 ) el aSl clie (b g &8 Ggelegil (635 Lty Glaaileles gy Sluy ez slacs ;5L
v Wlgi oo 5l sla el )by a0 ol g 4l delig G;'\)T)'le L ol e UPQC 4 DSTATCOM (UPS DVR uiile
OlF CaleS et alise Sl by (e dmmlis I glaods () Jguz jo ams (l8l 4z i bE jsbay 1) 4 (5510l
w2l2 Olg CutsS Cupae @l nar slacio B (Sl 5 atedsn slaaSld g 4 ES > (ol jo el ol
9 ‘A.J)...M.u GI)HS duw)gﬂ‘ )‘ 6)-5%-&4 PRCON-RY-S 6)LA§=ULA).M: ‘le-o-ku-ﬂ ] Q"‘ )b u...aﬁyo cJL‘> u.“ Lu w‘ 00)5
[“‘J'” ;S_' 45.[) ‘LS‘S u)ﬁfa ;S_' Le‘.ud.v U‘?” u...a..s L :L‘>5; a).’a..a U"‘ )‘ w‘ ob‘é » GA-)-A-A L.S)“))'."’)'eﬁ le.(bwl....u u.|5;.\.»

05*4‘54 O g0 od...u] u)JS dl.bpw L_S)Lbl.u 9 (5,904 auL....o.]o‘ u...l.‘lﬁ u...o..a; lef Ls\)).dbl)

&l Sl
S8 Al CohS Sgaps ,0 45 4y S pyie o San g Js850 9ty ool oljT olKisls (5,5L8 ¢ ipsd Ciglae 0)s>
w.’)‘)iwl.».w AJLo.yo.»a ‘.\3106)5

References

&=y

[1] F. Ostovar, H. Barati, S.S. Mortazavi, "Multi-objective allocation of distributed generation
resources and capacitor banks based on a two-stage fuzzy method and e-constrained optimization",
Signal Processing and Renewable Energy, vol. 8, no. 3, pp. 73-94, Sept. 2024,
https://doi.org/10.30495/SPRE.2024.1128320.

[2] H. Bagheri-Tolabi, A. Lashkar-Ara, "Multi-objective reconfiguration of distribution networks by
combining fuzzy logic, symbiotic search algorithm and spanning tree theory to reduce power
losses, load imbalances and improve voltage profile”, Journal of Novel Researches on Smart
Power Systems, vol. 11, no. 4, pp. 51-59, Dec. 2023,
https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.6.4.

[3]1 A. Barani, M. Moazzami, G. Shahgholian, F. Haghighatdar-Fesharaki, "Integrated optimization of
distribution system in the presence of DGs and EVs: Reconfiguration, charging management, and
reactive power coordination using MINLP", Signal Processing and Renewable Energy (SPRE),
vol. 9, no. 4, Article Number: 23, Dec. 2025, https://doi.org/10.57647/spre.2025.0904.23.

[4]1 S. Tamalouzt, K.F. Sayeh, K. Djermouni, Y. Belkhier, A. Hamasse, "Control, reliability analysis,
and intelligent energy management optimization for resilient multi-pump irrigation system
powered by DFIG-based wind energy system"”, Results in Control and Optimization, Article
Number: 100668, Feb. 2026, https://doi.org/10.1016/j.rico.2026.100668.

[5] M.A. Fkirin, Z.M. Gowaly, E.A. Elsheikh, "Dynamic controller design for maximum power point
tracking control for solar energy systems", Technologies, vol. 13, no. 2, Article Number: 71, Feb.
2025, https://doi.org/10.3390/technologies13020071.

[6] M. Zhang, L. Ming, "Issues of stability and control in power electronics-based energy storage
systems: Critical review and methodological extensions of large-scale ac and dc power networks",
Chemical Engineering Journal, wvol. 536, Article Number: 175872, May 2026,
https://doi.org/10.1016/j.cej.2026.175872.

[71 D. Gamage, C. Wanigasekara, A. Ukil, A. Swain, "Multi-level consensus based load frequency
controller with multi-battery energy storage systems", Electric Power Systems Research, vol. 239,
Article Number: 111208, Feb. 2025, https://doi.org/10.1016/j.epsr.2024.111208.

[8] J. Olano, H. Camblong, J.A. Lépez-lbarra, T.T. Lie, "Development of energy management
systems for electric vehicle charging stations associated with batteries: Application to a real case",
Applied  Sciences, wvol. 15, no. 16, Article Number: 8798, Aug. 2025,
https://doi.org/10.3390/app15168798.

[9] F. Locment, M. Sechilariu, "Modeling and simulation of dc microgrids for electric vehicle
charging stations", Energies, vol. 8, pp. 4335-4356, May 2015, https://doi.org/10.3390/en8054335.

YA


https://doi.org/10.30495/SPRE.2024.1128320
https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.6.4
https://doi.org/10.57647/spre.2025.0904.23
https://doi.org/10.1016/j.rico.2026.100668
https://doi.org/10.3390/technologies13020071
https://doi.org/10.1016/j.cej.2026.175872
https://doi.org/10.1016/j.epsr.2024.111208
https://doi.org/10.3390/app15168798
https://doi.org/10.3390/en8054335
https://jeps.dezful.iau.ir/article-1-564-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-11-12 ]

Journal of Novel Researches on Smart Power Systems - Vol. 15 - No. 2- Summer 2026

VPO Ll —pgo o)lod o3l Jlo —sialisn &508 Slagtap ) (ngh Slidsd 4 3

[10]P. Megantoro, S.A. Halim, N.A.M. Kamari, L.J. Awalin, M.S. Ali, H.M. Rosli, "Optimizing
reactive power dispatch with metaheuristic algorithms: A review of renewable distributed
generation integration with intermittency considerations”, Energy Reports, vol. 13, pp. 397-423,
June 2025, https://doi.org/10.1016/j.egyr.2024.12.020.

[11]A. Barani, M. Moazzami, G. Shahgholian, F. Haghighatdar, "Evaluation of optimization and bi-
objective reconfiguration of distribution systems in the presence of distributed generation units
using a mixed-integer nonlinear programming model", Energy Engineering and Management, vol.
14, no. 3, pp. 28-47, Dec. 2024, https://doi.org/10.22052/eem.2025.256256.1099.

[12]Y. Oguz, 1. Giiney, H. Calik, "Power quality control and design of power converter for variable-
speed wind energy conversion system with permanent-magnet synchronous generator", The
Scientific  World Journal, wvol. 2013, Article Number: 783010, Dec. 2013,
https://doi.org/10.1155/2013/783010.

[13]B. Singh, S.S. Murthy, R.R. Chilipi, S. Madishetti, G. Bhuvaneswari, "Static synchronous
compensator-variable frequency drive for voltage and frequency control of small-hydro driven
self-excited induction generators system”, IET Generation, Transmission and Distribution, vol. 8,
no. 9, pp. 1528-1538, Sep. 2014, https://doi.org/ 10.1049/iet-gtd.2013.0703.

[14] G. Shahgholian, Z. Azimi, "Voltage sag reasons and its compensation in distribution systems",
Journal of Novel Researches on Smart Power Systems, vol. 3, no. 1, pp. 57-66, March 2013,
https://dor.isc.ac/dor/20.1001.1.23222468.1391.1.3.4.0.

[15]Q. Li, C. Zheng, S. Liu, S. Dai, B. Zhang, Y. Tang, Y. Wang, "ldentification of transmission line
voltage sag sources based on multi-location information convolutional transformer”, IET
Renewable Power Generation, vol. 18, no. 15, pp. 3239-3252, Nov. 2024,
https://doi.org/10.1049/rpg2.13092.

[16] M.K. Hossain, P. Chowdhury, I. Nowshin, M.R. Islam, A. Al-Hysam, O. Farrok, "Grid-connected
inverter for photovoltaic energy harvesting: Advances in topologies and control techniques”,
Energy Conversion and Management: X, Article Number: 101422, Jan. 2026,
https://doi.org/10.1016/j.ecmx.2025.101422.

[17]S. Dedeoglu, G.C. Konstantopoulos, A.G. Paspatis, "Grid-supporting three-phase inverters with
inherent root mean square current limitation under balanced grid voltage sags”, IEEE Transactions
on Industrial  Electronics, wvol. 68, no. 11, pp. 11379-11389, Nov. 2021,
https://doi.org/10.1109/TIE.2020.3034860.

[18]Y. Yan, K. Chen, H. Geng, W. Fan, X. Zhou, "A review on intelligent detection and classification
of power quality disturbances: Trends, methodologies, and prospects”, CMES- Computer
Modeling in Engineering and Sciences, vol. 137, no. 2, pp. 1345-1379, June 2023,
https://doi.org/10.32604/cmes.2023.027252.

[19] S.A. Rahman, P.A. Janakiraman, P. Somasundaram, "Voltage sag and swell mitigation based on
modulated carrier PWM", International Journal of Electrical Power and Energy Systems, vol. 66,
pp. 78-85, March 2015, https://doi.org/10.1016/j.ijepes.2014.09.017.

[20]L. Ma, Y. Li, D. Tian, J. Lou, Y. Chen, X. Liu, "Assessment of voltage sag/swell in the
distribution network based on energy index and influence degree function”, Electric Power
Systems Research, vol. 216, Article Number: 109072, March 2023,
https://doi.org/10.1016/j.epsr.2022.109072.

[21]M.T.L. Gayatri, A.M. Parimi, A.V.P. Kumar, "Utilization of unified power quality conditioner for
voltage sag/swell mitigation in microgrid™, Proceeding of the IEEE/PESTSE, Bangalore, India, pp.
1-6, Jan. 2016, https://doi.org/10.1109/PESTSE.2016.7516475.

[22] S.N.H. Mousavi, H. Barati, "Direct power control simultaneously in the rotor side converter and
grid side converter of DFIG for wind turbines with elimination of network current harmonics",
Journal of Novel Researches on Electrical Power, vol. 8, no. 3, pp. 37-51, Dec. 2019,
http://dorl.net/dor/20.1001.1.23222468.1398.8.3.4.9.

[23] M. Kefayat, A.L. Ara, S.N. Niaki, "Optimal placement and sizing of DFIG-based wind farms, fuel
cell, photovoltaic units by using particle swarm optimization algorithm and fuzzy logic", Journal
of Novel Researches on Smart Power Systems, vol. 1, no. 3, pp. 27-36, Dec. 2013,
https://dor.isc.ac/dor/20.1001.1.23222468.1391.1.3.7.3.

14


https://doi.org/10.1016/j.egyr.2024.12.020
https://doi.org/10.22052/eem.2025.256256.1099
https://doi.org/10.1155/2013/783010
https://dor.isc.ac/dor/20.1001.1.23222468.1391.1.3.4.0
https://doi.org/10.1049/rpg2.13092
https://doi.org/10.1016/j.ecmx.2025.101422
https://doi.org/10.1109/TIE.2020.3034860
https://doi.org/10.1016/j.ijepes.2014.09.017
https://doi.org/10.1016/j.epsr.2022.109072
https://doi.org/10.1109/PESTSE.2016.7516475
http://dorl.net/dor/20.1001.1.23222468.1398.8.3.4.9
https://jeps.dezful.iau.ir/article-1-564-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-11-12 ]

Journal of Novel Researches on Smart Power Systems - Vol. 15 - No. 2- Summer 2026

Oy (S SI (6551 @259 pimams 0 (SLdg (akad § 0gion 09005) (lgF CuhsS ppe 030y Aw p (5590

[24]1M. Mahdavian, N. Behzadfar, "A review of wind energy conversion system and application of
various induction generators", Journal of Novel Researches on Electrical Power, vol. 8, no. 4, pp.
55-66, Dec. 2020, https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.4.6.3.

[25] E. Hosseini, G. Shahgholian, "Different types of pitch angle control strategies used in wind turbine
system applications”, Journal of Renewable Energy and Environment, vol. 4, no. 1, pp. 20-35,
Feb. 2017. http://dx.doi.org/10.30501/jree.2017.70103.

[26]1.S.M. Chafjiri, A. Azadbar, A. Ghadimi, S.J. Mousavi, "Use of wiener- hammerstein (WH) model
optimized with genetic algorithm in identification of photovoltaic system”, Journal of Southern

Communication Engineering, vol. 14, no. 54, pp. 35-46, Dec. 2025,
https://doi.org/10.30495/jce.2025.1993480.1328.

[27]1G. Haghshenas, S.M.M. Mirtalaei, H. Mordmand,"High step-up boost-flyback converter with soft
switching for photovoltaic applications”, Journal of Circuits, Systems, and Computers, vol. 28, no.
1, pp. 1-16, Jan. 2019, https://doi.org/10.1142/S0218126619500142.

[28] M. Konuhova, "Modeling of induction motor response to voltage sags with re-acceleration
analysis", Energies, vol. 18, no. 21, Article Number: 5682, Oct. 2025,
https://doi.org/10.3390/en18215682.

[29]S. Hasan, A. R. Nair, R. Bhattarai, S. Kamalasadan, K. M. Muttaqgi, "Acoordinated optimal
feedback control of distributed generators for mitigation of motor starting voltage sags in
distribution networks", IEEE Trans. on Industry Applications, vol. 56, no. 1, pp. 864 — 875,
Jan./Feb. 2020, https://doi.org/10.1109/T1A.2019.2954522.

[30]1J. Kaushal, P. Basak, "Power quality control based on voltage sag/swell, unbalancing, frequency,
THD and power factor using artificial neural network in PV integrated ac microgrid", Sustainable
Energy, Grids and Networks, wvol. 23, Article Number: 100365, Sept. 2020,
https://doi.org/10.1016/j.segan.2020.100365.

[31]E. Sztajmec, P. Szcze$niak, "A review on ac voltage variation compensators in low voltage
distribution network”, Energies, vol. 16, no. 17, Article Number: 6293, Aug. 2023,
https://doi.org/10.3390/en16176293.

[32]R.R. Momen, H. Barati, "Location and capacity of UPFC to improve the operation power system
using a grasshopper optimisation algorithm”, Journal of Novel Researches on Smart Power
Systems, vol. 8, no. 4, pp. 1-16, March 2020,
https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.4.1.8.

[33]M.A. Heidari, M. Nafar, T. Niknam, "Particle swarm optimization based sliding mode controller
for performance improvement of unified power quality controllers inverters subject areas”, Journal
of  Southern  Communication  Engineering, vol. 12, no. 46, Dec. 2023,
https://doi.org/10.30495/jce.2022.1961181.1162.

[34]J. Faiz, G. Shahgholian, M. Torabiyan, "Design and simulation of UPFC for enhancement of
power quality in transmission lines", Proceeding of the IEEE/POWERCON, pp. 1-5, Hangzhou,
Oct. 2010, https://doi.org/10.1109/POWERCON.2010.5666588.

[35]G. Shahgholian, M.R. Yousefi, "Performance improvement of electrical power system using
UPFC Controller", International Journal of Research Studies in Electrical and Electronics
Engineering, vol. 5, no. 3, pp. 5-13, 2019, https://doi.org/10.20431/2454-9436.0503002.

[36] M. Hashemi, G. Shahgholian, M. Riahinasab, E. Hosseini, "Analysis of the impact of energy
storage system on frequency regulation stability in hydrothermal power system using state space
modeling”, Hydrogen, Fuel Cell and Energy Storage, vol. 13, no. 1, pp. 1-16, Jan. 2026,
https://doi.org/10.22104/hfe.2025.7384.1342.

[371Q. Wang, X. Li, "Evaluation of battery energy storage system to provide virtual transmission
service", Electric Power Systems Research, vol. 244, Article Number: 111570, July 2025,
https://doi.org/10.1016/j.epsr.2025.111570.

[38]G. Shahgholian, J. Faiz, P. Shafaghi, "Nonlinear control techniques in uninterruptible power
supply inverter: A review", Proceeding of the IEEE/ICCEE, pp. 51-55, Dubai, United Arab
Emirates, Dec. 2009, https://doi.org/10.1109/ICCEE.2009.99.


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.4.6.3
https://doi.org/10.30495/jce.2025.1993480.1328
https://doi.org/10.3390/en18215682
https://doi.org/10.1109/TIA.2019.2954522
https://doi.org/10.1016/j.segan.2020.100365
https://doi.org/10.3390/en16176293
https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.4.1.8
https://doi.org/10.1109/POWERCON.2010.5666588
https://doi.org/10.20431/2454-9436.0503002
https://doi.org/10.22104/hfe.2025.7384.1342
https://doi.org/10.1016/j.epsr.2025.111570
https://jeps.dezful.iau.ir/article-1-564-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-11-12 ]

Journal of Novel Researches on Smart Power Systems - Vol. 15 - No. 2- Summer 2026

VPO Ll —pgo o)lod o3l Jlo —sialisn &508 Slagtap ) (ngh Slidsd 4 3

[39] A.J.A. Costa, H. Morais, "Power quality control using superconducting magnetic energy storage in
power systems with high penetration of renewables: A review of systems and applications”,
Energies, vol. 17, no. 23, Article Number: 6028, Nov. 2024, https://doi.org/10.3390/en17236028.

[40] M. Zamani, G.H. Riahy, N. Abdolghani, M.H. Zamani, "Utilization of thermal energy storage for
reducing battery bank size of hybrid (wind-PV) systems", Proceeding of the IEEE/ICCEP, pp.
709-714, Ischia, ltaly, June 2011, https://doi.org/10.1109/ICCEP.2011.6036358.

[41]1M.N. Dehaghani, T. Kor6tko, A. Rosin, "Power quality improvement in DG based distribution
systems: A review", Renewable and Sustainable Energy Reviews, vol. 225, Article Number:
116184, Jan. 2026, https://doi.org/10.1016/j.rser.2025.116184.

[42]P. Rajasekhar, C. Narayana, "Mitigation of voltage sag and swell using distributed power flow
controller”, International Journal of Advanced Research in Electrical, Electronics and
Instrumentation Engineering, vol. 3, no. 8, Aug. 2014,
https://doi.org/10.15662/ijareeie.2014.0308038.

[43]1Z. Li, W. Li, T. Pan, "An optimized compensation strategy of DVR for micro-grid voltage sag",
Protection and Control of Modern Power Systems, vol. 1, no. 10, pp. 1-8, 2016,
https://doi.org/10.1186/s41601-016-0018-9.

[44]E. Babaei, M.F. Kangarlu, "Sensitive load voltage compensation against voltage sags/swells and
harmonics in the grid voltage and limit downstream fault currents using DVR", Electric Power
Systems Research, vol. 83, no. 1, pp. 80-90, Feb. 2012, https://doi.org/10.1016/j.epsr.2011.09.013.

[45]G. Shahgholian, E. Haghjoo, A. Seifi, |. Hassanzadeh, "The improvement DSTATCOM to
enhance the quality of power using fuzzy-neural controller”, Journal of Intelligent Procedures in
Electrical Technology, vol. 2, no. 6, pp. 3-16, Aug. 2011,
https://dorl.net/dor/20.1001.1.23223871.1390.2.6.1.7.

[46] G. Shahgholian, Z. Azimi, "Analysis and design of a DSTATCOM based on sliding mode control
strategy for improvement of voltage sag in distribution systems", Electronics, vol. 5, no. 3, pp. 1-
12, 2016, https://doi.org/10.3390/electronlcs 5030041.

[471Y. Guo, X. Zhu, J. Deng, S. Li, H. Li, "Multi-objective planning for voltage sag compensation of
sparse distribution networks with unified power quality conditioner using improved NSGA-III
optimization”, Energy  Reports, wvol. 8, no. 13, pp. 8-17, Nov. 2022,
https://doi.org/10.1016/j.egyr.2022.08.120.

[48]C. Tu, Q. Guo, F. Jiang, C. Chen, X. Li, F. Xiao, J. Gao, "Dynamic voltage restorer with an
improved strategy to voltage sag compensation and energy self-recovery”, CPSS Trans. on Power
Electronics and  Applications, wvol. 4, no. 3, pp. 219-229, Sept. 2019,
https://doi.org/10.24295/CPSSTPEA.2019.00021.

[49] G. Shahgholian, R. Askari, "The effect of DVR in voltage sag mitigation and comparison with D-
STATCOM in a distribution network", International Research Journal of Engineering and
Technology, vol. 4, no. 10, pp. 146-162, Jan. 2014.

[50]1Y. Mohammadi, R. C. Leborgne, "A new approach for voltage sag source relative location in
active distribution systems with the presence of inverter-based distributed generations", Electric
Power Systems Research, wvol. 182, Article Number: 106222, May 2020,
https://doi.org/10.1016/j.epsr.2020.106222.

[51] G. Shahgholian, S.M.A. Zanjani, "A study of voltage sag in distribution system and evaluation of
the effect of wind farm equipped with doubly-fed induction generator”, Revue Roumaine des
Sciences Techniques, vol. 68, no. 3, pp. 271-276, Dec. 2023, https://doi.org/10.59277/RRST-
EE.2023.3.4.

[52]A.M. Saeed, S.H.E. Abdel Aleem, A.M. lbrahim, M.E. Balci, E.E.A. El-Zahab, "Power
conditioning using dynamic voltage restorers under different voltage sag types”, Journal of
Advanced Research, vol. 7, no. 1, pp. 95-103, Jan. 2016,
https://doi.org/10.1016/j.jare.2015.03.001.

[53]A.K. Dehdashti, A. Seyfi, "Application of different topology of z-source inverter based DVR",
Journal of Novel Researches on Smart Power Systems, vol. 1, no. 2, pp. 1-8, Dec. 2012,
https://dor.isc.ac/dor/20.1001.1.23222468.1391.1.2.1.5.

[54]B. Khan, S. Jadapalli, G.V. Swathi, S.K. Maitra, P. Singh, U. Choudhury, M.L. Biramo, "Power
quality improvement of microgrids using unified power quality conditioner (UPQC): A scoping

A


https://doi.org/10.3390/en17236028
https://doi.org/10.1109/ICCEP.2011.6036358
https://doi.org/10.15662/ijareeie.2014.0308038
https://doi.org/10.1186/s41601-016-0018-9
https://doi.org/10.1016/j.epsr.2011.09.013
https://dorl.net/dor/20.1001.1.23223871.1390.2.6.1.7
https://doi.org/10.1016/j.egyr.2022.08.120
https://doi.org/10.24295/CPSSTPEA.2019.00021
https://doi.org/10.1016/j.epsr.2020.106222
https://doi.org/10.59277/RRST-EE.2023.3.4
https://doi.org/10.59277/RRST-EE.2023.3.4
https://doi.org/10.1016/j.jare.2015.03.001
https://jeps.dezful.iau.ir/article-1-564-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-11-12 ]

Journal of Novel Researches on Smart Power Systems - Vol. 15 - No. 2- Summer 2026

Oy (S SI (6551 @259 pimams 0 (SLdg (akad § 0gion 09005) (lgF CuhsS ppe 030y Aw p (5590

review", Electric Power Systems Research, vol. 253, Article Number: 112573, April 2026,
https://doi.org/10.1016/j.epsr.2025.112573.

[55]T.H. Wu, S.S. Huang, P.Y. Chen, "Application of a three-phase unified power quality conditioner
in a microgrid*, IET Smart Grid, wvol. 7, no. 6, pp. 872-890, Dec. 2024,
https://doi.org/10.1049/stg2.12184.

[56]L. B. G. Campanhol, S. A. O. da Silva, A. A. de Oliveira, V. D. Bacon, "Power flow and stability
analyses of a multifunctional distributed generation system integrating a photovoltaic system with
unified power quality conditioner”, IEEE Trans. on Power Electronics, vol. 34, no. 7, pp. 6241-
6256, July 2019, https://doi.org/10.1109/TPEL.2018.2873503.

[571Y. Xu, X. Xiao, Y. Sun and Y. Long, "Voltage sag compensation strategy for unified power
quality conditioner with simultaneous reactive power injection”, Journal of Modern Power
Systems and Clean Energy, vol. 4, no. 1, pp. 113-122, Jan. 2016, https://doi.org/10.1007/s40565-
016-0183-x.

[58]H.R. Chamorro, F.R.S. Sevilla, F. Gonzalez-Longatt, K. Rouzbehi, H. Chavez, V.K. Sood,
"Innovative primary frequency control in low-inertia power systems based on wide-area RoCoF
sharing”, IET Energy Systems Integration, vol. 2, no. 2, pp. 151-160, June 2020,
https://doi.org/10.1049/iet-esi.2020.0001.

[59] A. Maity, D. Brahma, N. Senroy, "ldentification of RoCoF sensitive areas of power system based
on its controlling factors", Electric Power Systems Research, vol. 244, Article Number: 111533,
July 2025, https://doi.org/10.1016/j.epsr.2025.111533.

[60]11.B. Majeed, N.I. Nwulu, "Impact of reverse power flow on distributed transformers in a solar-
photovoltaic-integrated low-voltage network", Energies, vol. 15, no. 23, Article Number: 9238,
Dec. 2022, https://doi.org/10.3390/en15239238.

[61]A. Barani, M. Moazzami, F. Haghighatdar- Fesharaki, "A unified bi- objective programming
framework for active power optimization and reactive power coordination of electric vehicles
integrated with distribution feeder reconfiguration”, IET Renewable Power Generation, vol. 20,
no. 1, Article Number: 70179, Jan. 2026, https://doi.org/10.1049/rpg2.70179.

[62]Z. Wang, X. Guo, J. Li, X. Wang, "Impact of voltage sags on electric-vehicle charger and critical
voltage sag determination”, IEEE Trans. on Power Delivery, vol. 31, no. 3, pp. 1397-1399, June
2016.

[63]N. Zhou, F. Sun, Q. Wang, X. Meng, "A flexible power control strategy for rotor-side converter of
DFIG under unbalanced grid voltage sags", International Journal of Electrical Power and Energy
Systems, vol. 90, pp. 6475, Sept. 2017, https://doi.org/10.1016/j.ijepes.2016.11.016.

[64]E. Babaei, M.F. Kangarlu, "Cross-phase voltage sag compensator for three-phase distribution
systems", International Journal of Electrical Power and Energy Systems, vol. 51, pp. 119-126, Oct.
2013, https://doi.org/10.1016/j.ijepes.2013.02.016.

[651H.M.G.C. Branco, M. Oleskovicz, D.V. Coury, A.C.B. Delbem, "Multiobjective optimization for
power quality monitoring allocation considering voltage sags in distribution systems",
International Journal of Electrical Power and Energy Systems, vol. 97, pp. 1-10, April 2018,
https://doi.org/10.1016/j.ijepes.2017.10.011.

[66]N. Liubcuk, N. Radziukynas, G. Kairaitis, D. Naujokaitis, "Power quality monitors displacement
based on voltage sags propagation mechanism and grid reliability indexes™, Applied Sciences, vol.
13, no. 21, Article Number: 11778, Oct. 2023, https://doi.org/10.3390/app132111778.

[67]L. Yang, Z. Cai, X. Xia, X. Ren, Z. Fan, D. Kong, J. Chen, "Voltage sag source location based on
power polarity and twin characteristics matching”, IET Generation, Transmission and Distribution,
vol. 18, no. 9, pp. 1841-1854, May 2024, https://doi.org/10.1049/gtd2.13162.

[68]1K. Zhu, Y. Wang, P. Yin, J. Ni, "Voltage sag source location technology based on corresponding
sequence components”, IET Generation, Transmission and Distribution, vol. 9, no. 9, pp. 820-827,
June 2015, https://doi.org/10.1049/iet-gtd.2014.0772.

[69]S. Deng, C. Chen, Y. Peng, H. Huang, G. Shen, "A joint data-physics-driven approach to voltage
sag source tracing and inversion estimation”, IET Generation, Transmission and Distribution, vol.
20, no. 1, Article Number: €70306, Jan./Dec. 2026, https://doi.org/10.1049/gtd2.70306.

Yy


https://doi.org/10.1016/j.epsr.2025.112573
https://doi.org/10.1049/stg2.12184
https://doi.org/10.1109/TPEL.2018.2873503
https://doi.org/10.1007/s40565-016-0183-x
https://doi.org/10.1007/s40565-016-0183-x
https://doi.org/10.1049/iet-esi.2020.0001
https://doi.org/10.3390/en15239238
https://doi.org/10.1049/rpg2.70179
https://doi.org/10.1016/j.ijepes.2016.11.016
https://doi.org/10.1016/j.ijepes.2013.02.016
https://doi.org/10.1016/j.ijepes.2017.10.011
https://doi.org/10.1049/gtd2.13162
https://doi.org/10.1049/iet-gtd.2014.0772
https://doi.org/10.1049/gtd2.70306
https://jeps.dezful.iau.ir/article-1-564-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-11-12 ]

Journal of Novel Researches on Smart Power Systems - Vol. 15 - No. 2- Summer 2026

VPO Ll —pgo o)lod o3l Jlo —sialisn &508 Slagtap ) (ngh Slidsd 4 3

[70]1T. Yi, H. Jie, L. Hao, W. Lei, "Method for voltage sag source location based on the internal

resistance sign in a single-port network", IET Generation, Transmission and Distribution, vol. 10,

no. 7, pp. 1720-1727, May 2016, https://doi.org/10.1049/iet-gtd.2015.1329.

! Distributed Generation

% Energy Storage Systems

* Vehicle Charging Stations

* Power Quality

° Variable Frequency Drives

% Voltage Sag/Dip

" Voltage Swell

8 Interruption

? Reliability

1% Energy Transition

""Wind Energy Conversion System
'2 Doubly Fed Induction Generator

13 Permanent Magnet Synchronous Generator
'* Maximum Power Point Tracking

' Fault

16 Steady State

17 Sag Occurrence

'8 Recovery

19 Load Rejection

% Power Smoothing

I Dynamic Voltage Restorer

%2 Distribution Static Synchronous Compensator
% Unified Power Quality Conditioner
#* Custom Power Devices

% Rate of Change of Frequency

%6 Frequency Nadir

# Virtual Inertia

Yy

B w gy )



https://doi.org/10.1049/iet-gtd.2015.1329
https://jeps.dezful.iau.ir/article-1-564-en.html
http://www.tcpdf.org

