[ Downloaded from jeps.dezful.iau.ir on 2025-12-10]

Journal of Novel Researches on Smart Power Systems - VVol. 13 - No. 4 — Winter 2025
P-ISSN: 2322-2468, E-ISSN: 2981-0272, https://jeps.dezful.iau.ir/

Research Article

A simple optimization logic based on the parameters of the angle between
voltage and current and the size of the terminal voltage to protect loss of
excitation of synchronous generator

Mohammad Sajad Fatolahi*, Javad moradi?, Ali Rostami?®
!msffatholahi@gmail.com
2Javadmiradi54@gmail.com
%alirostami@gmail.com

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.

Keywords: synchronous generator, loss of excitation protection, impedance relay, power angle,
terminal voltage.

Received: 30 Nov. 2024
Revised: 9 Jan. 2025
Accepted: 1 Feb. 2025

* Corresponding Author: Dr.Mohammad Sajad Fatholahi

Citation: M. S. Fatolahi, J. moradi, A. Rostami, “A simple optimization logic based on the
parameters of the angle between voltage and current and the size of the terminal voltage to protect
loss of excitation of synchronous generator”, Journal of Novel Researches on Smart Power
Systems, vol. 13, no. 4, pp. 13-22, February 2025 (in Persian).



http://jipet.iaun.ac.ir/
mailto:msffatholahi@gmail.com
mailto:n.rezaei@uok.ac.ir
https://jeps.dezful.iau.ir/article-1-523-en.html

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

b, Alio

9 b= 9 5L o gty G yiolyl o Sie ool S 5 Blaie SO
955w 5597155 S0 o alad cbilas g Jlame i 5L g ol

¥ iy e 5550 N 601 o Blgx wiigen M ol i Slxwdexe yiSS

msffatholahi@gmail.com .l colisle S« ygims Gy Sy o pie &8 10 Vit
Javadmoradi54@gmail.com .. 1 coliile S «ygim § ddgi Copae &8 15 =Y
ali.rostami.ir@gmail.com .l ! coliile S «ygimn G2 Sy o oo &5 15 Y

(35S oS Bhie Sy )0 (Vsg) Yl 35 5 (Bsg) oy 5 55 (e sl i 59 (6505 )0 L anlllas () 0 t0uS
@ el Bsg D pss GUSlo cnl )0 el ool )l 1,80 553155 S o @dad lulids Cqz wae Bl (b, S
azliz bulyd onl )0 08 (o )8 (oyp 0y50 Vg yiall Olyois (o] (b Cutte g0 )0 5 00 j5iile dtge ol
law dalol pile gole 0,515 4 009 puiile g_sJJ““f RS @L odund lis il J;.;f))q Codgy 2,30 Vg asels
S 5 00l F ) S yo0 adad s p Sudgry 2,0 5l S e 4y 5 4l ralS Visg ojlail 45T S ige o Ll oS sl
,» MATLAB/Simulink (2017b) 1581 ¢ 5 oo 10 asllae ol (golpiion oS 5 g,y 00,5 oo yolo 5155 oy
8,5 518 iyl oyee [EEE (ool YA o lliw] pcs (595 2 508 s 51,357 5 S 208 alad il slagy Lo b
G99y S &S Sl S8 a¥ aled o 0l ) ool pBl> Jae 5 bgileans I Jols mls ol

ol ooy s lie 5 awdlagel g, Ll aie o Sole e o «do slaolfuys 5l solginn

Il 5L g a8 aygly ¢ cilonual aly 60 ou adad Cblas ¢ yg S 95155 1 guadS OlodS

\‘:’Y‘/ﬂ/\ . Iﬁhélg‘)é é.?‘)l.;

(A ARYA IR S 5 P P 1
IAEAVARTAR IRV 0

kSQJ‘ =8 Slrwdasts S0 J,i.ww O ¢ FU %*
msffatholahi@gmail.com. sy G5 ads oy &8 15 cloes — oliile,S oalx YO yioshS coliile,S 1 J ghoamnd 0 g3 (HLS

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

\f

[ Downloaded from jeps.dezful.iau.ir on 2025-12-10]


mailto:msffatholahi@gmail.com
mailto:n.rezaei@uok.ac.ir
mailto:msffatholahi@gmail.com
https://jeps.dezful.iau.ir/article-1-523-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-12-10]

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

VE Y Gl o lez ojlods — o0 o Jlos —diedigh & 508 (sl )0 (pg5 Dlibd &y

doddo -
Sl ol cal g a28ld ©)08 i (5)lnL )3 (Gl (2B (D508 e 525 (R FOLS Olpie & 95 515
Gy 5 53 halfadlol asle ilie oblis glaal) 4 il o] 5o (Jlali 4isS @b (e 5 @ (B30 plulid
cblis> o] oS slacblis 5l S0 V] wad eome v g om0 adad o usSme ol b &)l Joleial b e sl yino
5353 S5 s slad e 555 e (Bl glab wiile 5555 slacde i1, Wiy oo oS woogy S b
Wy oo Candy nl 40 (65100000 polds g S0 ,ou adad £93g V] ams &) g S e o olisST Jlasl AVR 5y
S 3l ite D51 51008 g 55 0308 e 65l lp a2 R 155 095 4 paile; ol pepdle
g Gk (b Syl Sl G Rl 4 g oe D98 e 50 (9,50 55155 S 0 S e 059
5 sy GuilS sl (S 5L o) 4o egast a5l Qsg azgs BB il Jda gl a5 5 gl
loysilis plo 5l 55Ty ly ol cle @y hend 508 slagianns 5o 55 (GBbsyd 5 MLl Ol pad )5 5 e,
ololid Cur e dasiine b ool cblis o jghaie pa 1 LF g ¥ 0 ol 1) 008 g @08 s 5o ouilecidly
Slp Gr S 55 Glos S ok oy oS Chili> ol P g 0] 00,5 o i yi (A5 (9,50 (slo gl 55 50 Sl ol
ol o g jlas sblze sl 0,8 g0 518 oalitl 8550 oy SGyou5 38 Cawd 3l pl 50 (S gl 55 bla
o) ol s esas 3l 835 ool b blhn Koo i ek slashisg, 5| (6 )loms 5 S o slaols) aen 3o
25 55155 oLl g5 (¥ somdle (6350 o a0 0T (Soly 5 Vb ,Shos loj () 15 (5350 lsisn i
G dnwg bl ol IV 0 Al 1) aSics oo (6138 clilesi] g485 5 S0 ,26 ) Sge 4 edle 61 oy Ll oS
ilisr 65970 Ml (0l (ool Cblaz (pl chnd LGS (10,5 @il po jslaie 4y wyue Sbla> Ll
e Slagbyy 03 B g, layil 55 50 S o0 ahad (ool Sblis (gl o ylae OMSEe p alde sl o
ol 48,5 18 ) 8,550 3)ls0 1 St 3l (> deldl jo A ol ools dnwgs
Sybn 035 e (EKF) aidlyanass allS 23 bags o cy5,55m 1551535 1,58 slacdlo o5 [A] soleiin £ b 50
ol @i g agly ol 5l cnlply bse Gl LOE slaslays, Jsb 5o 0 Home (Sl 51y 59508 5 1,35 5Ly o sl
3 S olitul (s 5Ly 59518 5 1,35 55 (o agly 4 (pliws sl ,gli5 (S sl pite (resS 090 o oslitul
SILOE e poles slp gonails hte (izen g LOE llas asis sl 1) cmble 65050k 0,509, [A] adlllas
Uas sloaslis drulme (sl HOtEllNG'S-T2 o LT s, 5l allie oyl S oo a8l s gllas 51 280 & j03 lags byl
&S o oolatul somdids gl SVM) floay oy ile g U asis sl Hotelling-T2 (HT2-FI) 5 e
Single culii o35 s i 5155135 5551, 0l 5 bl 5y anle (S0 slaceaS Sloj 5 (slaosls
Soge b Jdowgaios [Ve] j0 0gb e soliiul (69g,9 ools lgieas 5 oad zlysiwl oad (g3lwans Machine
slaSThy Gy slp (TFD) Sloy (S8 asls Gla Sy 5 )sls5 Jlaeys by JiSw 59, OWT) as
OlF 9 sl Oz oy p b e 1) iz 0,80, o [IV] oa il 25k 50 .0ig oo gl 5ctal LOE (gl 34 pavie
sl shol alas [VY] dalllas o 0,25 o Jlai o 1) soe Sloj 5B e bg (ol S g0 )l 55155 Jlia i 5o 5]
saimsoacy (sl yinl den jo jasis olej adsl Lidu a5 cenl Sloj 136 (SPS) b olgs oles s LOE Lawsess
T ok 5 5ty solie BPFA) Joleo ols5 oy susly e oelsl ol 2 5o oo 5o allio (ol il plosil Jlo o
SLsyge ol 28 (sl EPFA Gulul ez 020,651 a8 o (820 LOE (aidets ln 1) odiins qye joome 5o 58
ol a8lannsgs LOE po5eis 7 )b

§p ol ot sl ogine ign by S pald slaslig, bt cr V] ot e ol o
s 5 o oslisal egian o s sla s o & o (57 (sl el b s (S Sl i 5 oSS sla el
[VF] cladlas 5 0,00 dg>g Wy cols Zlisinl 5 6 S oslail Cpa b yguin ¢ Dl ceal coe 5wl 0 YL Zd
@lobid ploj pad 5 (Vs g oals plnil SG piadal cblis (g5, p gl nl S g iSE Dol 5 b (sl addlas

V0


https://jeps.dezful.iau.ir/article-1-523-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-12-10]

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

oeile ©,08 o g 5y sla e Giiee 5l eoliiul b [VO] sad a8l ig,.05,5 oo ssmlive Slgsl ol el b laslays,
odg ) Oy e Sllazel 5 S Skl sl oSl ol (g cnl oelel s &S ead wil] (A,
MUR PN
JrsS iy o3l 9 55551, Heten 5l JEl b o oolatwl 8,90 eS8 Slgsl V] 8 ouds et blis g o
Iy SoSl ol el ) uiSE Slgol 1538 Zwly Lol w5jls (g0l (bl (oSS (sla oaisS S ax 81 .08 oo oolatwl (g
OLQ‘M..J ;54;79&.‘45 cbles Qo> U’“"ﬁ) Mbs‘o )-HJJ ‘09'“(5" cuslico W )‘ cbles LS‘)" i LSLCML‘) Ja...ug.' as
el as )5)l3 6)50)‘J4‘ oKws )‘ oolazwl la UL')} 9 )us QB.M}LSA oolazwl UL‘)} L| )LJ9 )‘JM 9 )lﬁ 443‘) 4......4[.‘>u7 6‘,) 0
00X 6)50)‘J4‘ );.)La.o )‘ oolazwl Lu u,....v‘u\...a‘ QBMLSA 00} u...a..?u GQLQ.H.M.Q GJQLQ? LS)"‘)"“""‘ B Sl J..AM )5.v|).') JLH.AJ.'
IR 0aisS gun At dlie (pl ;o 0ad g0 D508 w55l ol s Ay o a5 Wigd bl g S 6l )5
cbli> cols caws 5TDAL 3y, oncanl sads soliiwl (FFNN) 55 i (omas 4Sih 0aisS san aib 4 (RF) Solas
amio olil 3 Ygere ol Soyms 0> a5 Jbo o ceul R-X Slate amio wlol 5 IS5 job 4 93l55 S0 20
P-Q clais axio 4 R-X Glaize axis j| S poahd cbla> Glg o AD alS g, alewss .ol P-Q Slaise
oAb sl S e slgiiy UHVDC s solitul 3,90 LSC (gl G ppuakas cbslis JolS (o35l G [VA] (goleiias
s o5 ol BT s Sl 00 W1 55T, Bl S, Game b 5 455 Gy 5l Syzpe esSas
Oy S b awlie p i cblax e ol oo Gulidl oo sllas S laie 4 Jolee oa8lg jlade g ool (6,503l
Al LOE asTjs 5 baih ol (S cnl w05e Ll 55 ol LSC ol 5 Laly )5 a5 5250 osSixe 551,
Oialosl byt Jow et (5 5ol BB Jae jo 2ly S o5 by a5 ol sl 5 Jgere cplplo g 958 o
o u,uL..J‘); LRI P 45‘)‘ LOE [ ua.::nm.: 6|)4 RS> 0”5) [Y’] yﬁ)aaw@ .\.».:l; 9 aslw L;)wa 9
b elS gileas Oldllas golgaing ol 4y ax g5 b .ol ouls >l 9,50 93155 led asgly Bidn 5 Jlawe )5 5L
ol plnil 0, Sloe Como quyp sl O] 2 oS B Ll g 9, 9155 0 it gl sl (i8S L
Gl prizman ol 5 380 9 5 popw LOE gl asis (o golping o685 a5 aeo oo lid Sladllas () ool
(UPFC) logas 5 uiSé olgol oS 4 [NV golgiin z,by0 o)ls SPS I LOElas  asis ;o Vb
ol o Sles wile Colys o oplplo 5 canl Jgore S piahd sloal, olwl a5 WS o yodd (oS piwm Sla sl
5 Olys Sllug o Fpz Sopoakd (JolS Sy puihd SISE slp ogrtas (hge (e T S elul (nlp g 09 e
Ll 00 OLQ(MW LgQLC .]a.:‘)m

ooy o a5 LS (S o adad a0 00l ool dswgi gl hg, gl 0al ylae IS 4y a3 b ol
coobl Gl Bl ge gmins Sl o (0 208 L laslygy g p g 330 g atws jshaie 4 (635 5 el (SBla>
&JO GJ)J W)S sS.t 9 ol ul.?bu‘ esg chg JALMJ GML...." fa.A‘)lJ 9o W) lﬁl?u‘ (_QLDJ.A.I?U L)’“"l'“" » axJlas u;‘ Bl
al)b Ol 1 o Cude g 40 g ood Hgiile dwgn Heb 4 pdle Bsg Sl s GLsle cpl jo aSleads 48,5 IS
5 ool £y Su e alad sy Codgr A0 5l S e 4y g anly a5 Bsg 45 (Jh50 )0 0 o0 LlE ) n 050 Vg
s Gy 00 LS Sy A0 5l i Vg ogr B lld nl 5000,5 oo polo 8l qu i jges
3, lliw] prace (59, 0ad bl slagile 4l s 5,5 walss Tay aslsl il sole 8,55 5 009 puile J S
led oo ol Iy eolpiion Joo (385 g oy 0,Skee IEEE i ¥4

2,5 Hle ) Dyge 4 adS job a4 lgs ]y 0al ol cblas aie) jo daslllas ol loadl p Seee

Al o (51,35 Sldlayg; ol 1 T 385 led g 555155 5l po e Lty (aled o S i By olulid V)

\$


https://jeps.dezful.iau.ir/article-1-523-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-12-10]

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

VE Y Gl o lez ojlods — o0 o Jlos —diedigh & 508 (sl )0 (pg5 Dlibd &y

Syt ulpd 31 ol il pus 5 o8 s Sloj o3l Sy S ol g8y sl olos lulit Y
(B g 9K sl gl 35 5 aalllae ol goleiiin )b anjp oS g oolu 5,5 54 V/
ST 050 Y Joaz jo ol &)l Slool g aib langy ( cwilogel aly b avglie jo asllas ool pow 9 (5509 Az jo
RO PUEIC g
Table (1): Classification of methods considering the most important evaluation factors
L3l Jolge (25 meo (38,5 5 )0 b L gy (g Al (1) g
solazdl <8 gy bl s,
N X X il
N N N Ao oy

Syse JolS ok 4y olpiiny o8 ahad Sblis by, pgs S o el edd Wl 5 Ojge a4 allie Glais nle
58 el a5l alises slaslaysy £585 (T3l 4 anlllae w555 32 (51 0, Shos 55 poms i y0 5 BT 3 sy
g el 8,5 51,8 oy 090 (LS slahs, 5l (P b it GleolBans Al (ol goliiny by, aslie o)l i
el 0als &Sl ) Alie (6, does Sl ey LiSu 0 Calyd o

(Sl S 5 g Bli g, -

olidl o Shoe (ISl 5 (Vs lalid (loj 39290 S 25 @had pslael &y EASLe (5 owll 0 28T a5 johailen
o Bl (g, S e 5 285 (ol e 53 (38,5 S5 o b Gulul cnl g adliee P il (S 50 ]
St Jobo sl bl )3 el onld ol 9 ()b S 25 @b Lalpd 50 o yiel )l 0 5 ge St (6681 0 (s
ol 3518 S w05 D90 4 S el Ll b 50 Bg Vg olel sl el
B g ol )y oy Jnds (]
3 8o 50 50 45 arbl g 3y el J5US gz S e S 4 e (9,50 (51,5515 Vg Sl padd V)
L5 sl Gal3dl bl S0 (sl sialyly il 5y Gl g aly 5o culs alss i el cnl oo s

3555155 Sl (oo il (S 55155 (g g azmlin I b oo 1l 555 S o0 e (523 o]
il Ll ol 3 i s il 1, S5 sl bl s 5y 2ol g 08,515 e i 4o
o=l Olisebl Cgz 13 aily S o0 wlad £48 5l (alad ALt Wl (g0 098 ()l po e o 25 py S0 5155
55 513 myp 0590 58155 Ol 9 W e gl el b Ll

5 e Ol g 35 o sl 5 Ul nl 50 5 00 (515 0 e 25 358 Sl o Loyl Bukes g ol V)
Ol b (oo )0 Sy py Sl o 5l 5 a8 Gley Lel g walsS 5 e SWg 5l Gl (Soke 4 b waL
535515 Olg 5l (U 4 5Ly a8l ar S 528 et Gy b S o0 a5l (AL Wl (o g 0ad ot gl
sl g 0ud (o il 5y Cundg oo py Sl o 55135 0 81 el el Cger 133G T (S5
29 (55 el

Tr A S A 5o a5 Wlead A Sa (oS 5 Caed Sy B s ead S8 la el 398 Julow bl 1

23,8
GOy, Sy ahad cBlas gy Wyl els (o

) 00,5 o oanlie 45 jplilen el o ool i golyiing Sy adad cbilis g, Slasls (1) S o
S P A 4z b e 095 00 S ojlail cbli> o gl 55 Sl (pskS ) (gl aised 253 L) Bsg Vg gla il
3t o Gl Sge 50 5 0ud j5tile ds jsbay Gedle Osg Slpis Comdg bl ool Uo9y nl o3

\Y


https://jeps.dezful.iau.ir/article-1-523-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-12-10]

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

Lyl (nl o 055 o0 S8 i oyse Vsg ylil Slesd Gl s 55 Gm ausly (0d cote (il 5 sRo e
lo aslol cpiile gole o 515 g 009y cpiile (IS pianew ool caumoylis Codgs #2051 o aVsg ogr (i3l
G sged g ools ) S ala vy Sudg A0 ) S e 4y g il malS Osg a5 Sy 50 Ll oS waly>
ool oty a8 513 sl VP Ul sl el )l SlesS oy sl oY Gley 45 Sl S5 4 p3Y 00 S e ol 535

st 5 o]

ng, gsg

Ol s 5Hs o sl

S o e 8155 o

§ ol 0.95PU1 a8 Vi LT

LOE g485

Figure (1): Flowchart of the proposed loss of excitation protection method
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Figure (2): IEEE 39-bus standard system
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Table (2): Simulation information of loss of excitation events
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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 (4): Simulation results of three-phase short-circuit fault with low fault impedance and
high fault impedance
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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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Figure (6): Simulation results of three-phase short-circuit fault under excitation heavy and light generator loading in under
excitation operating conditions
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