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

[ DOR: 20.1001.1.23222468.1394.4.2.5.0 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

a¥

Ol 3 5mbimpgo ojled —p ez Jlo -Gy 50 (ngh Dladod caas - cole al

LS 55 SeoS g O 508 i S (iS5 5L J S

PSO b o dionty o34 o

Yo, Y .. N
sl e ¢ olslrd 250l g e JleST as
Kamal Montazeri @iaukhsh.ac.ir« s  sues sy ¢ codwlolsT sl8isls ¢ pwdigo 8 0aStils ey )| gl )5 as-gol yzsls -

Shojaeian @iaukhsh.ac.ir « i  cues a1y o oDl o131 olKisls ¢ pwdigo (28 0aSisld «(§p 09,5 ¢ Loliwl -V

Lotfi@iaukhsh.ac.ir « ;g cued a1y o codlol ol ol8isls ¢ i (8 00SLiils 5 09,5 ¢ 2 p0 -V

O9N 9 Jold Gl b daw ©yud pi Sy (il b (SMO) (33 wo J5S gl oy dlie (ulys toduss
a9 50 00,500 4l (oud diny b alyly ) (38 o p (S (Sulyguud Gwiygi 9 pRloySil g oileySb
bohs lg glhas (il5 8 sl i (Lol Bud 0gd o0 Jli5 )0 15 walgi £ Cudgumo g 559l 0350 Wbk (giludie
e 981 31 oolaiwl b (g lwddaty il oo s lacaabS puc g )b wliLicel jeas 0 4l Jyis glas 9 (bLJ)
aS) (g PI 60iss” J5iiS b (goleudiny 80508 J 568 clio Lo )0 (g jlwaand b ol oud ploxil @lyd plodjl (g5 lwainge
S ol )l Sl g )b SLALLIEL ply 50 (38 o B J S (097 paliie 9 0sd ) dumnylio (oud dionty 38 T sl yoolsy

B guid o0 6390 3] piamstns

N PR PR DS WO I PUPL PVE EPUNIY PPV YPC IOV VY JEST U CgC ST JESU PR W L F 151 Y

B3y JB 50 adeen 1) ©)u8 laptase Wl B 09l 4185
515 o5 YU S L

@ Blos Gl 300,08 St mie Sl slaiite 5l (S
Sl lp OlS 008 s S a0 Slee jolate
Slygige Capw DS S B 580 L J 1S5 &Sz el (o3l
@590 bl Sy S g 3l Jis 1) Ll 5 S
6oy Comnl gadg Glhasly pucals) o Sles o oy 5k
WS S oo oled 330 0, Sles 4y a4y ey ool 15 o )ls
I 5l S e ) B 35l L W

a pmie il )8 ol cdl cnl (Sae aSS S0 cpl p ogdle
bliie wad  slagl,s ol
3ls &8 s & AL Ol Sledo 5 355 b gileygduil 3
i 5 ol oy Sy 8 s 2 el S

9 Wl sl o

Yo

doddio —)

A0 b o8 Glagte S35 5 ALk s s Jsere b a
pll ol g plisebl CoblE (gylul ol slajlas (28,5
Syl 3929 b ailgioe 508 Slapiane (Jodo (ren 4 355 o0
L1y moimarme (SYob 0y S )0 aiie 5 oad aiBlis
s &l EaS S ras 4 Joud JB 36 W5 L (5 5 CudS
e 0 9 GrAokeell BB 5 (S el agzs csl g5ose
D8 lapt (Gm 2B o3 GlacSle ) (p fedens Jl>
Far g Fiie jo) & ey b ol Gl Sezg bl eud
Gl Galidl 4 cond gyt Cllasde Wl aS 04 o atiue
A 5s gt (al Glebl Coll 5 5 Slos 35 (ized 5


https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.5.0
https://jeps.dezful.iau.ir/article-1-107-en.html

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

[ DOR: 20.1001.1.23222468.1394.4.2.5.0 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

ad ools ylas [A] o el sads (casy g S [V-0] 5o 5L oyl
s 00 JS ol SLalazi] g Lol Sl s52s b oS
oolal i eaS S S [R] 0l sog pglae
s WS JES ) s cd sad b S Seaslis
s e S jlade bl (g5 PID eosS J S uliie
S aney o ool wlil by, sesie LSl bg; el oad
ol el 0ad oS 5 3 laie JpuS L[V ] e a8 el pglie
S5 S e b g S el e o a o Jleel b,
S by, sblie 9925 bl @18 5518 (o) 0 9550 L lilizl
b Sy s (g onl ol glacins 5l (S piie 5L

b oo o awlemb Sllug

U 522k o polie S5 (S iy L5 5o sla o, §
L S s S gl 00508 sk @ o8 ol Hop (2, Wi
» Pyl kel Cape el a5 15 eslaial )50 S8
Loz Jlaw Shge J> pgmre (S5 Glagty, b amlis
e 0aniS S (b 5o Ho g, [VY 1,0 adile pitie (i
Iy s polie ()l g clilizel ol b ool oolaul o33

S e

5 S eSS el sle eaS S e o
S el oy o5l pfia SRS iy, S, (SMO)?
55 Jas oS IS aslige Fgn o Vb Canld pae sl
8 Sl (5 5b J5S sl o3 SV Sl ke )
lS 5 S daylS ol it o [V Y]l oad oolizl
oad dalllae &j08 laptans 385 Sl 5o (S b LA e
wnS o 508 g (gl @S SMC S [VY] ol
VY] 55 el ot a0l,) pias (glaciooabsd pie (38,5 L o L
O laptans sl (G254 ae (e (WL S S
ol &l 2ale )5l o lagrs b slaal aw divgy oo
ol o ol a5 £ Cdgions 55 85 3 LIS ol o
s [VF] 50 el ooz aid )8 (L 0 5ol 000 wib T, Jsg
saze iale)S g Cmygs ol Lo eud aid )5 e s &8
Slepiws lp Ho s SMC 55 Jyu8 V0] ,o ol e
)38 s S (8l (IS e A5 sl o &8l ST 08
S V] g0 el oads Lk o g b lamt S b
odds axdS Ll p0 sazme il S L s glasl 9o & a8 e
Slaml S5 508 e o sl (SMC) G5 VY] ol

el 0D (g3l dame ale )T e

St )3 W85k 7S ol Gle Olxeogs 4 azg b
SSbee (giludingy Ay o Gy Pl Guitege 5l S0 0,08
T (LS ov-+ L IV DUWERP ES AL SLIVW IR - T S SWoW
Sl ool plosil ane (! jo a5 Jlgl 3 lids 09 g bl 08 )5

aF

\itd

Oliee; 5 5mlimpos o)led —p ez Jlo -Gy 50 (g Olidd paass - oole alxe

P el s posli s 53 (S o Jale (il )8 a5 Ll g 0 0
P o s JSE bl S i g LA 0 (g S
Oly Sl 4 azx g b cdalyd (ol )3 09800 (pSaie tens ol
Ol 55155 ook olass Lawgi S5 008 e S5l 99
el 095 ol B0ly (e LOWE 350 Ol Dl b 99800
00l el 5l 558 awg ey adsl S5l g baygil 5 e L
o8 B8 el S alple 0 pdyoe D50 L)l S5 ) 2
So 0wl &5 adlie (eSS 5 So s b jlade o
S5 JS 0 STy Lawgi 5 cnl 09 plonil (ol J S 55 50
5059 425 39, & Il slaaSs b a5 s9d oo pbul (ECC)'
Syl e p 1) JruS g oledbl (Al aiils

JAS Bl g ame slaysil iy JiuS lp ond &l sla o,
JrsS ooe ST 5o Sl 85 Sn diasn 00 4 Gl
ol o ol Slides (et Ly (nes o anleiee Wl 35
gy pod Oy gl S )0 Lol 4BF D50 ppas
Sy Boss JpS  (LFO) syl Jps oliges
g oo md S8 s 51,9313 5| S0 5 (53, » (AVR)'
5 Sigd oo et asede Lyl ot o IS (gl laeatsS S ol
IS ) e 525 5y b So Sl Blie o
2 et a4 dls bowe (B ol )0 SarsS Olpsd anled o
@ iy 525 5551, Olyi wSlss TR 0T e s aygis) ausl;
@y Sl 4 arg bcwd (135 e (hke 4 L) 5l ol
ol aSyl @z g b piomen 9 el 5>ULFC g AVR dil>
29155 Syme Gloj Sl 5l S8 Jla S0 e (Soj
P e S8 pieaw 635 Sl sl (g, Boes)
Jdo e 4 013K 56 LFC Swlus (53, » a5 <l o5
g adlhae 6l Oj90 & 5y JpuS 5 (W2 L JuS Legee
g0 (552

CSESy D)ge 4 W E L 58 L S Lol Slaal
@olatdl buz 5 5 slhe 926 4 Lo )gil 55 (e pls Jb e
o (g0 yeliyg ppolie jo bl bglas 5l s alolis ol ealitss
> 5 g e S8 50 00l Sloml i @Bly 5o wdliee
Lyglis ods Ol 0 e bwy wlb blo) bshs
Sk 093 J S ST slahg, po [V Joge (s5legl
085 Pl (sl (Sl (sla 5ol 5l il ge 00 )5 4 IS
Wb o5 s S JIS51 g o9 s solitl LuilS 3 bl
B eolial 3550 0aiiS 1S (6999 lore 4 358 3l e
390 a3e &l olyze 4 (ISE) U pe 1,55 gl 0 10,5 o0
Obes 5 bl f Vsons 05l (nl caleosl 025 (oo )18 ool
LF] 5 [V Jogi o oamline a5 ol (55 bims ot

e 4 e LFC o Sloe 09y die) 0 cyulifizee (5 anlol
O ab ey JpS i ange SRS 698 p e 2ol


https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.5.0
https://jeps.dezful.iau.ir/article-1-107-en.html

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

[ DOR: 20.1001.1.23222468.1394.4.2.5.0 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

S bt Wi 5 e oS S 0 eoliid 50
Ao 0aiiS S colpo gilwdings Gl B cpl yo il gileaige
S5 alg 3 b aalgs sslital” K5 o Shas s o554
9 polie (oglle a> jo ol &Il J S g, 4T ol dalgs ool
A D)8 Al Sy 59, oleiiay () o les el 58

S daler Cawd glasl

Sl b aw W08 poviaw 53w oo =Y

Slaooban Lngy pod J)l ©)08 g S he o
sl o ools las (V) IS o

AF plms) 9 smbmpgd oled —p oz Jlo =G o g Dlidod paass — ele alne

Jdo e 4y sl oazd o oS O g0 4y jeip alins ol Jg
el 00 4...‘>l»)).> 69»05.4 U"l d)w&j)—) u{‘ B

S ol 228 JAS slny | S B30 s oS LS
Sl il 3l J55S 50 o enlio 0 Shos (L3 s
5 5 ol pslin S iS5 S by, ol lesls LS 1) o0
s 530 Jbo g (s5e a5 el 0l T (ol 5 e sl S
@i J7S 50 (295 Sl 3 Shes LS (e 4 il

el aBls (Coabad pae glls g 2l Glolizel
oS S Gy o allie ool s SMC (Ll az g L
JreS ool )l by, yo b dales &) (5a) e J2S p (giie
5 bawend plo 5l Jias (g pla jl Cond o 0 52
oot iailie U] aS5] 4 ax g b aalgs el oo e

0 o

I
stiding| 1y e, | 1 I
C ) B mote | 1+51, 55
coatral Gl |

OfE

#ﬂv’m’nm" mrhdeadham} i‘ramrdrobp hydrawlic turbine : AR, |
SRR I m;q-;r.mzt!m l i
C ACE,:::S ' 1 | 8%l 14 T,5 x| 1-T,5 L P i—-—l—
sonteal :I+STc:| | | [1+Sg | (JrosTg | | 1+51,] | |
T AT A e S SRR | ] N e e e | ]

) i 0diS S by a5 gy by (sl i 5,08 s o5 3k () S

¥V


https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.5.0
https://jeps.dezful.iau.ir/article-1-107-en.html

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

[ DOR: 20.1001.1.23222468.1394.4.2.5.0 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

om0y b e
S Ol 5155 el GRC (23,5 a5 30 (e (ale S5k
ks @b S e b (S S Gl a1 s 5l oad 2Bl o

t el (F) dlolae & jg0 4y g 05 0 00ls Ll G,(s) L Ll

basaoslis (V) doles il oo Gl S5k

Af (s) _ K,
APg(s)—APL(s)—AP (s) 1+sTp

tie

G (s)= %)

b Slpess APp (008 g oo ol K byl o

wl.) TP 9 <L.>L> 99 O k.;GL"’)‘ s Ul}’ ul)u.u APﬁe RS
Iy 5155 b Joe (F-7) Aolee aiily oo &jad gl Sloj
oo ool lis yekaie 4 Ty 9 Ky 51 (V) UKo 5o s oo ol
ool i Gl Tp g Kz 1) dnl @08 i gloy <ol
Ok sl Tps 5 Kps 59 ¥ 4ol 508 g Sloj <ol g o
el 00l oolainl VAol a8 e Sboy Cull g oyl polo
S0 4 (ACE L) oS asb glas o bls)l s olg gl

21T,

AP =5 —(f; - A ) ®

ACE, = ). AP;+B A, &
i)

S50 a8 jshiles 5 Cunl (o e 5 olS (a8l Ll o
Y] dog Lull ol o 08 0 w3l S Jolis o oals oyl (V)
e ke Sy 535y 45 (loj B es0g,5 i i L
Olee 4 GDB aaws lis STy 5,08 sl (San el 00 3
Slyss 5l ol )0 A Sgd s i S Sl IS aels
0350 wily ke "9 ol Sl yed Cuaxdy 10 (6t g (I
Slatial Gulul e oo Shoe Gl 8 L )08 s sl
© 4zl olie ol ly sk z» +/-YF wl NERC'
wib 3,e £ 0/036 sogame 10 5,98 (589,5 el B Ol s
{¥Tesls wlszs 650 558 (29>
Cosgazme shls ol ades Slyss #5502l sleo S jo
Coogaze Mol o el ol 4 [YA]asb o (LBlas g (g 5STas
sl g Jan (1) US55 555 0n 035 (GRC) wlgs &5
L GRC (S ol 5o sl oals o0ls Las GRC 28,5 Jlas s L
3 GRC &) Jlaie ol oo aseie gladl Soly G 51 oolazu!

= . . % .
RS ) 6ol sslite 0 65 wilbise ¥ “loin 5 ooy
.y PeMWy oib o AGC! Slp w5l i

30,5 o by a5 Jgeme (Ll as by, O jgo 4y i

odl Sgaswer /e

AP, =27xT  (Af, — Af,)+2aT (Af, - Af)) )
AP'M2 =2aT, (Af, = Af )+ 27T ,(Af, — Af,) W)
AP””=ZﬂTBI(AfB—Af])+27zT32(Af3—Af2) Q)

aF

YA

Oliee; 5 5mlimpos o)led —p ez Jlo -Gy 50 (g Olidd paass - oole alxe

95 g S sl Sl s o Jeld 4l e e (a0
€9 Ty whbon (B3 de p (e G L 0aiiS S S,
Jol 4ol e ol Dgliite o b 4l a1 S5 5 (95
ol T3k sl pgs anml e (Hg Sl (Rl S3k g
99 Sl (S yimd e €55 5l 5 pow 4l g8 Al oe
Cydgase 5 (GDB) 43y5lS 00,0 wily gimy (as oé Lol i
50wl oo a8 5 b o asb aw o sl (GRC) odgs 75
33 ol b Af, d sl s L el AP, oY) S8
P >l 91 Aol i (BLI) b (g5 i AP 51 Aol
o2 B oJ S $99)5 u, el J51S sl ACE, allise
T, adboel Aol o copu 2al5 iy o R 5 35,8 &l
T)_igo%l)_,bs.\.‘i;lgsa\’j\ Al g0 o bl b oo
B s Camdg pdd AX | i go iy 25 G jgo e 4GS
Sl Glo Ol is AP, g 0091 Al 503 gl sl
35> 53 (el ely Sgue (sl Yseme gl 0Bl Aml
(93135 S8 oole s 5l ) alalecel 51y 436 Y
Sl ) g 5ysl Gl Jslate hod @b gt (b

{1

AX, (s) 1

G, (s)=—"%"—= ")
AP (s) 14T,

AP (s) 9 (80ms <T, <100ms ) 5,35 Sloy <ol T, abasl, ol yo

b el ol g a0 oy 555187 (60955
AP (s)=u, — Af, I R (i=1,2.3)

() US55 Sl Jbu ol Cumdy i 35 AX (5)
30 1yislE Sley ool sasmolis s 5 4 T, sT,, T,
Iy 58 b oo &dly ;o0 (V) doles aislb o ¥V g ¥V o) Al
D3 oo Bl 00 e il (5185 a5 1 (yg0

3,1y boygil 35 a4y a5 oad 00,88 ) ole S (55, o sl
Sgd oo ool )l e S (AP) Sl olgi 4 05l 0
olre yso 4 (G, (5)) GiuleySib g0 Oy o ool 26
[V]ogs o0 eols las (V)

AP, (s) 1

G, (s)=—"—=
AX  (s) 14T,

D)

Jsers job 4 a5 wil oo B (35w loy <ol T alolas ! o
(Y) oles 3,05 1,3 100ms <T, <500ms 59990 ,3 ] i
Cr Casgizme (R3S S50 g ey S Jae Baasples
oale S5l bl oy S has b il (GRC) oy
[¥] sl o0 05,51 (V) ablasl, 40 G,y (5)

~ APg (s) B

1+sK T
G (s)= ror

= )
AXg (s)  QA+sT,)A+sT,)

Sl b Ty oSk core Koakly ool o


https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.5.0
https://jeps.dezful.iau.ir/article-1-107-en.html

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

[ DOR: 20.1001.1.23222468.1394.4.2.5.0 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

(b @l Ban 5 09 o0 ploxl Jie )50 4 a0l 2 Gl
35 ACE 5 bl Lokt oly ol o alS 3 sllas o8 o
ooy 3l G yg 1 SMC (25 Y-
Sev o b)) 4l e SMC oLb 5 Gl o
oy 25 AX = A P  anl B o 055 0 03l sy ale)Sile
Wolea ool 0l ) 4l o il sllas a8 il oa
Joe g (V) JSo sl Sob 5l oanl cansy JyuS Lalg, 4 o)
S e & e |, SMC L5 5 Jyane Shonilivs
55 Sl S S ol Jolan S 08 Sy bt
Oygo ) 4l gl SMC cplply asl o codle ab SO oS

g drlg> 3

u, () = u, (t) —k, sgn(s(1)) P
BaS i ly St bypn cmye o Ky okl il o

iliee (S5lS

ook (e IR SMC (2)b Y-Y

gl a5 Col oal ciyyes Ax, = Af, o>k anls o
S Ly 5 f(F) aolee olul 1 ailie ¥oasl o Luls )
018 Jyome oilins Jae 5 (1) JS5 sla Sk 5l el ot
J5S 08 S s oS5 Sy90 & Oy |, SMC s
Sdle b o a5 w5 bl Gyl S gl g Jolee
g als> 5 Ojs0 4 ) a4l 51 SMC by ail oo
w@)=w)—K,sgn(st)) (\0)
BanS S lp cute JyS e SOKo sl (nl o
e Se LY sl SRS ptees (V) UK aBlioe (G308
Ao Lad ) Gale S5k sl

SS9 Gy 15 SMC (>1,b Y-
o558 glas a5 sl oo 5 Afy = AX; ((Slib anld o
o0l ety (J S Lulg, g oF) dolee Lolul 5ol oo ¥ ab jo
RS 558 Jyame ewilyizs Jan 5 () JS5 slo Sk
3 dobee J55 06 Ky ot a5 50 4 Ol |, SMC

1 U
o o L 2 | Plant
1+K:T2S

\ 4

Lo 3k LIS w95 sl (S5 e S s (V) S
(¥ 4>t J5u8)
adls cdle gl K a5 S Sl S Js ol
D¢ dalgE 13 Sheo a0 ) asl ¢l SMC (ol s

TF ol 5 sl oot -l Jlo -3 08 5 Sl s - el alna

(553 o 0335 S oY

(P ambe  Cwl 5 aw Jold (L5 ae eSS
et cl> Gl s (553 aio Jolae S 5 (Gi0lS S
ol diingnls J708 98 G i G50elS J5S aiS oo et )
Jolbeo Jyu8 a8 oo 1500 (o058 amio @ ) it Glacdl> oS
@ gere |y plen Glacdle oS col atugy 7S 096 S 5
LYe] 5 D AasS go (53] amio (59, » ooile L

Coows &y s s Colid ¢ 2033) B 0ailS S Gas
DBl amio (nl (655 e IS slol jo g (i axio
Sgo Slroas JyuS ALk alese Gl i dmae Sl
o Ambe 5l b YL et s oS Sloj alliee (o553
e 45 038 oS (5lA0GS 4 b (G5adS 00iiS Sy po il
IRH RYC o P WU PR

109 g0 iy alasl) O jgo d s(x,1) 0y e
s(x,t) = (%+ " VE(®) )
O sl X (1) 5009 Cube Col S5 5 (YF-Y) doles o
Sham adlige xp (1) sl o900 (25,5 9 x (1) (A5 79>
s3aee jshie 4 (Sl S8 9l (A5 amie (08 atie
ool 3e) mhw 69, 2 658 @ pteew DY (0
SilS S Ol (Al asls gy Lolasdl ST 2>) 958 00
POy sl Ly g5 Dy &
u, =k.sgn(s(x,t)) oY

5 Ste cupd SOk (G305 S el u alaly nl o
Sl J S sl e 8(1) (o3 v gl codle b sgn(s(t))
Dslite jlade g3 Wlgioe g ol Guend G153 g Cdle bl
U5 olh il cote bl amio codle ST sl il
TNV Sl 5 sl e 55 (Gls

r SPbl) peies (g, 5l eslaiul L SMC sl
25 2ope @V ere Sote Seilld £l S0 s, cnl 0 Ssbise
W9 g0y

V(s)=%5220 \Y)

e (V1) ahl, giie 51 ol (353 amio 5 wsbas ol o
S o5 g salys olbme (6 oy SIS s w5l e
056§ b e Sy Ut i J5S 08 ) 553 e

5 0 4 3B Jobee JA5 0l 5 il S

ACE, = ) AP +B A, )
JG#)

POIOIINY (VRS- +1ERVEPREL o JTT SRPES INPCH [t P ORI B
xF 9 il S5 (0 oy b g o 4 Al aw 08

b wsbie 03l medsl (Slsrae Gensi 5 (oRle, Sk sl


https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.5.0
https://jeps.dezful.iau.ir/article-1-107-en.html

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

[ DOR: 20.1001.1.23222468.1394.4.2.5.0 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

C,u =f +10*C )
kel 98 o ol Sy oS Dl ploajl o )N Sl (s lears sl
30 (V) Jsaz jo el oals colaiul Wb oe Gilwdingy A o
Slp a5 el oals 005l Glaal aw &8 i sl yialll

Sl o S5l 15 5,50 sloeniiS S 5 Shae )

ol b b yo sl ol )y g PSO F-9

b ol ey 5 X boyd yo Cobge PSO oyl o ads ol
CoBge Sledbl 1 oolawl b Comdae yuss 09 oo 00l inled V
(Phest) 545 ,Jain 'y g 0,5 10 .0,.5 oo plosl O3 dad S yun g
Sl sz 5l owld Sledlbl cpl wils o 1y () 395 Jxd ConBgo o
Sy Gylake cpyige 0)8 o ol poedle ol 0,3 o sazd
Sl cpl slo oo 55 1, (Ghest) odal Caws 4 09,5 4o ST
los,S s byl BLLI Sus @8 aigSa a5 coul tils 5 Luld
SleMb 5l oslazwl b 1) 055 Cosdge b auS oo (535 0,3 12 caslsl jo
abaly oll 20,3 o e s « PSO 135,651 10 00 09,55 3w
Dgdas dewlxe pj

V" =WV'+C r.(Pbest, —x')+C,.r,.(Gbest, —x') (*)
5 C | id SG g jho o (olai golel 1y gy alal; ol o

[YY ]w‘ U)j é:'a ).‘.t Wj .\J}wu’m OML (_g).‘féb w‘)-aa C 2

Slaab an &508 e ledbl (V) Jgux

eI A e A
Talsl | 1A | Tals | 1A | Talsl [ 1A
Tyls] | /'Y | Tols] | /oY | Tofs] | /)Y

T,[s] No K. | -/ TrIs] o

Kpl \Y- sz \Y- Kp3 \Y-
Tpi[s] Vo | Thls] V- | Tysls] R

R, v/¥ R, | V¥ Ry | Wf
B, | +/fvo B, | -/fv0 B, | -/fv0
Tyls] )

L ol )b gilwaiags -V

00 J S sl el )y (giluange ool plxil (giluaige o
Sgu> (B33 we J S sla el (sleange g a8 Y7 350> Pl
4o » Gl) b.»l)io.‘b .\Jj) (f) J&w B o o.s.......f J}.la &db Of
e 4 B de oS ]S 5 PLoaiss J s sl el by ol
» as ol R el oo oolo QL.M.: (Gbesl) LS)"“"J‘“’ GM:L;
00iiS J 568 51 5eS SMC Sled el ajo ooy plosil (g 5lwdige
5o bl oo SMC 08 gy o,Sles saislis a5 cowl 0ogy PI
3 PL oauss JyuS slp ol consy ange slaytalll (V) Jou

FEO PR AP R QL..; SMC

AF Sl 5 5mlimpgs o)lod —pslez Jlo =3y 50 (g DlEdod paas - cole alxe

z(t)=Z(t)—K35gn(s(Ax3,t)) %)
ol 1y (STgyoed (royeh b ojud s JpuS Joe (F) U
I/I; 9 .\....Jb‘so Y da.‘>|a ).Icu Sy90 W sJiu U"‘ BN .Mb‘so

7 1&1(73

—»|SMC Y T Ty Tyt ~(2150) —® plant—y»

S50 s8I b sl (AT et (1) S0

33 ho 0SS S5 sl (s ldinty T-F
Cote culpd 5 3 mhe 4 42l 4w e SMC s slee
Febly ol 353 gl ol s Ky 5 Ko Ky g IS
Syge ) G5 e g oo O i b oplpls 0ed o0 mulais O
ki sky ky <0, 8, 0, Gilwtinty sboysie o5 nulais olgsds

9 ge iyt 1) D jger (5 iledinge 4i2je @ il

fUAE)=[|(AP, ., +B,Af )|dT Ov)

o5 30 5 05 0 oauel Glae slas IS0l Bas 2l ol
4d3 13 osliiul 8,90 oasS J,uS 8 Slee b))l slp ilise
sloyell iluage @lr Olgee & N0 Ban ol ol
bal ol 3 ah ol sleaasie (85 Sl )0 eans s
izl ek sl s le aly gl sladasiie G fege 2Bl o0
@ Gileange 4 &b rlply SBab glas 5 cets ol
g daleS pj O g0

C =a.(SE)+ B.(0S)+y.(ST) OA)
ol 5 oz ke gllas i 4 ST 5 OS SE sl zal )y
ilre Vo B feizmen w42l o 3 Gl et
A oo slid |y baasin 51 G o conl e a5 aiis I3
&y Olee (IS syl culpe oo dte (eed 0
B ol al @ bl gsame g 008 oS5 0 L, C s f anse
e 5l oolaial b (giluaige alie cpl po 285l )0 ane
oo wlys almil 1S alesl i sSl g il

S5t 4 ¥

S5 SMC oaiS JuS Glp odel Condy mls awlie &y
Sl & o st 45,5 e 5 52 Jyea PL oS 5
o5 ololy osbie gjlutisgs SMC eanss s asle
o e S LSy PLeasS A5 el wnie
90 S s plnil (giluaige Al o ol eud (gluaise
i b Sose 4 (VY) 5 (V) slaakal, o ool &l ainie &b
e o 4555 5 s 5 S


https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.5.0
https://jeps.dezful.iau.ir/article-1-107-en.html

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

[ DOR: 20.1001.1.23222468.1394.4.2.5.0 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

AF plms) 9 smbmpgd oled —p oz Jlo =5 o g Dlidod (paass — ele alne

wBbioe 5549, o b boaS JuS 5l 5l a5 (MSCae 1)
0,10 8092 g e Bl Lyl o a5 cnl | (S oS Sllegs
b Sllug srals gl (506 Wilgs oo gon sloyiag Blaal
25l (o558 S oSS S s S b Sl

L lp pedazn Sl 5 Siliwl slaoe (28,5 L o =Y
Slaghy, st 5 0k lp Yol ladoe 38,5 Jlai 0 Y
SVl Jus

SYb A e 58 s sbroaisS S 5l eslal -

x10%
——— smc

——meme Pl

Best Cost
P

- -
» o
[———

-
N

-

0.8 L . "
0 5 10 15 20 25 30 35 40

Iteration

oaliS JyUS 95 90 2 (6l p (g5l anze U (F) S5O
0.2

01r

& &
h o

Frequency Error
& X
w

05 ' ' ' L L L L
0 50 100 150 200 250 300 350 400

time (s)

sl sl o) b ol sl 1) JS

SMC

]
01 ;
I
i

ACE Error

D2

025

03 L L L L L L L
o 50 100 150 200 250 300 350 400

time (s)

Vgl sl Jol 4G 50 (ACE) 4l s sllas o(F) JSs

PI g SMC suscS J oS 0 jSlos awslio F-Y
clalasl (55 b b SRS sl sjleasee
A5 Jol grlw il oad plil el 51 SOy gl calise
R Cope & edSJES 90 e (gilwdige glp ead S

bl o

gy 1Y e 4 ¥ agl jo Jol axl jb aali8kN
by o0 e Ve adl j0 g 4l L iol33Y
ad)S Ll o GuilS,E 4 aily 5 (Seeld Djgo 4 e b
| ){) C))}.a LY ﬁ‘*l d.ob (_gl)J 0l M)f).laa)é )l) | 00

AP = AAf, + AP,
Sl e el asae OF) JI(O) sbadss ol

30 G ye ke 5 Slae SMC suisS S e yloj 9 yigz,8
el ailo PI oassS S b aslio

QAD)

G oasl oan e L as cll sl (518 pg0 g liw o

po B Jsl 2l slp b pess cpl aiS st Codgy o/ Vol
LgUo>59.1)Lo.~au.1|L§‘).:wloMJLo$‘\ 5f &Y ML)QWJ"‘U
Olis O0F) JHOF) s o sy 4 ¥ 5 7 ) 4l (il

el s o0ls

SMC 4 PI ouiss J 7S 80 digs o yzal )l (V) Jgor

Ploacs Jus glayelly | SMC oaiss 8 sla el
K, —+IAY K, AN
Ky —[YF 8 -IAY
K, —+IBAYY ks FYNS
Kp SRR 5, v
K, —-/FYY K, Yo /5
Ky — Y S YY/¥A

G Az -0
e Gl8le sy Glasl aw Djad e SO Alie ol
5 SMC ouss 15 slayll Jol al>yey09 ol (g5luans
L aslol o 5 (g5lwaige PSO 2 )61 51 oolasusl b PT oouisS J us’
2255 75 5 SMC aaziS J 28 o Skt g 59 585 Sk 4o
Ll o1 5o aasisS 5 o )5 Ll o8 ki s L PI
ey il Ad 1SS wyn Syge WA gleaige
&ly el (53 sllas a5 w0 5 ol axeS (nl ol
PI oo J,u85 b awslie o 558 izl SMC ouss Jus
1225 55 3 Slac 55, 2 5505 S Al e 4S5 a3
wilie 6,15 bl gl cul ol saisS J 7S ol g 0,1 SMC
polie o, Slas baime lis gadge ol ams &l oewlio o Slas
ol g g ool Gle cail e SMC oas Jus

s oged o)Ll 550 lse 4 g g%


https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.5.0
https://jeps.dezful.iau.ir/article-1-107-en.html

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

[ DOR: 20.1001.1.23222468.1394.4.2.5.0 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

0.2

0.1

&

Freguency Error
&
o

&
@

04

05 s s L L L L L
0 50 100 150 200 250 300 350

time (s)

\ %)hwélﬁfaw APUJJUPGU@&:(\\)M

400

ACE Error

-0.15

-0.25
o

time (s)

Vs liw 6l pow b o (ACE) a>U IS sl (VYY) S

50 100 150 200 250 300 350 400

Tie-line Power Error
=
(=1
o
:

f
=]
T

015

SMC

02 L s L L L L L

0 50 100 150 200 250 300 350 400

time (s)

Vgl Gl po 4l jo bl )l las olg glas :(VY) USSS

0.15 T T T T T T T

0.1

0.05

Frequency Error
&

-0.15 [ 1
021 1
025 1
031 1
035 . . . . . . .
o} 50 100 150 200 250 300 360
time (s)

A %)t...; 6‘)—.’ J5| 4>l Q....lSJ.e sl (\V)JSM

400

AF o) g jmlimpgd ojled —plaz Jlo — 2 50 (ngp Dlidod paass — cale Al

¥y

0.05

SMC
Pl
0 1

o

=

a
T
L

Tie-line Power Error
S
by

015 1

02 L L L L L L L
0 50 100 150 200 250 300 350 400

time (s)

Y 9oyl 61)% J91 4l o Ls]a[,..}')l L ol glas (V) S5

0.2
SMC
Pl i

0.1

Frequency Error
IS s b 2 o

05 . ' L L L L L
o 50 100 150 200 250 300 350 400

time (s)

\ %)t...; 6‘)—.‘ £ a=>t u,.;lf)s sl :(A) JS.M;
0.05

SMC
PI R

ACE Error
j=] i [=]
= & =]
w0 - [
T . ——
e

<)
[¥]

025 1

035 L L L s s s L
0 50 100 150 200 250 300 350 400

time (s)

Y g0yl 51y pe0 4l 10 (ACE) axb J s sllas :(R) JSi

0.05

0 1 4
-0.05 M 1
v

015 1

Tie-line Power Error
&

025 L L L L L L L
o] 50 100 150 200 250 300 350 400

time (s)

Y gyl él)‘. rajod.?li)e Ls]a[,..ﬁ)lla}oly sl (V) S


https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.5.0
https://jeps.dezful.iau.ir/article-1-107-en.html

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

[ DOR: 20.1001.1.23222468.1394.4.2.5.0 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

[8] Zribi, M., Al-Rashed, M., & Alrifai, M. (2005). “Adaptive
decentralized load frequency control of multi-area power
systems”. International Journal of Electrical Power &
Energy Systems, Vol 27, No 8, 2005,pp 575-583.

[9] Yesil, E., Guizelkaya, M., & Eksin, I. , “Self tuning fuzzy
PID type load & frequency controller”. Energy
Conversion & Management, Vol 45, No 3, 2004, pp 377-
390.

[10] Ha, Q., & Trinh, H. , “A variable structure-based controller

load-frequency  control”,
International Journal of power & energy systems, Vol 20,
No 3, 2000, pp 146-154.

[11] Chang, J.-L., “Robust Sliding-Mode Control with
Disturbance Attenuation Using Only Output Feedback”,
JSME International Journal Series C, Vol 46, No 1, 2003,
pp239-244.

[12] Anand, B., and Ebenezer Jeyakumar, A., “Fuzzy logic
based load frequency control of hydro-thermal system
with nonlinearities,” International Journal of Electrical &
Power Engineering, Vol. 3, No 2, 2009, pp112-118.

[13] Ismail, M. M. and Hassan, M. M., “Load frequency
control adaptation using artificial intelligent techniques
for one & two different areas power system,”
International Journal of Control, Automation & System,
vol. 1, No 1, 2012, pp 12-23.

[14] Dong, L., Zhang, Y. & Gao, Z., “A robust decentralized
load frequency controller for interconnected power
system,” ISA Transactions, Vol. 51, No 3, 2012, pp 410-
419.

[15] Han,J., “From PID to active disturbance rejection control,”
IEEE Transactions on Industrial Electronics, Vol 56, No
3, 2009, pp 900-906.

[16] Zhao, C., & Huang, Y., “ADRC based input disturbance
rejection for minimum-phase plants with unknown orders

with  fuzzy tuning for

&/or uncertain relative degrees,” Journal of System
Science & Complexity, Vol 25, No 4, 2012, pp 625-640.

[17] Vrdoljak, K., Peric, N. & Petrovic,I., “Sliding mode based
load-frequency control in power systems,” Electric Power
Systems Research, Vol 80, No 5, 2010, pp 514-527.

[18] Kothari,D., & Nagrath,l., “Power System Engineering”,
2nd edition, New York: McGRAW-Hill, 2008.

[19] Utkin, V. ,“Variable structure systems with sliding
modes.”, IEEE Transactions on Automatical Control, Vol
22,No 2, 1977, pp 212-222.

[20] Zhao, Y., “Applications of sliding mode controller & linear
active disturbance rejection controller to a PMSM Speed
System" ,2013 . ETD Archive. 411

[21] Golpira, H., & Bevrani, H. , “Application of GA
optimization for automatic generation control design in
an interconnected power system”, Energy Conversion &
Management,Vol 52,No 5,2011,pp 2247-2255.

[22] Kenndy, J., & Eberhart, R. ,“Particle swarm optimization”,
Paper presented at the Proceedings of IEEE International
Conference on Neural Networks, Nagoya, Japan,1995.

AF plms) 9 smbmpgd oled —p oz Jlo =5 o g Dlidod (paass — ele alne

sSMmC
0.1 - -

Frequency Error
S,

0 50 100 150 200 250 300 350 400
time (s)

Y %)LL»J 61)4 pgo 4>t WLY)B sl :(\&)Jﬂ.ﬁ:

SMC

I

-0.05 |

01

Frequency Error

015,

02

0 50 100 150 200 250 300 350 400
time (s)

Y o,bew ly pogw 4l (uilS 3 slas :(VF) JSo

Wsbo 9 C.‘>| 0 S ).Qﬁ -y

[1] Saadat H.’, “Power System Analysis”, Kevin Kane,
Mc-Graw Hill Co, New Delh., 2002.

[2] Guo J., “Sliding Mode Based Load Frequency Control for
an Interconnected Power System with Nonlinearities”,
Cleveland State University,2015.

[3] Elgerd, O. I, & Fosha, C. E. “Optimum megawatt-
[frequency control of multiarea electric energy systems”,
IEEE Transactions on Power Apparatus & Systems, Vol
89, 1970, pp.556-563.

[4] Nanda, J., Kothari, M., & Satsang, P., “Automatic
generation control of an interconnected hydrothermal
system in continuous & discrete modes considering
generation rate constraints”, IEE Proceedings D -
Control Theory & Applications, Vol 130, 1983, pp17-27.

[5] Aldeen, M., & Trinh, H., “Combined modal & singular
perturbation approach to decentralized control”.
International journal of systems science, Vol 23, No 5,
1992, pp 741-764.

[6] Rubaai, A., & Udo, V., “An adaptive control scheme for
load-frequency control of multiarea power systems Part I.
Identification & functional design”, Electric Power
Systems Research, Vol 24,No 3, 1992,pp 183-188.

[7] Velusami, S., & Romar, K., “Design of observer-based
decentralized load-frequency controllers for

interconnected power systems”, International journal of

power & energy systems, Vol 17, No 2, 1997, pp 152-160.

¥y


https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.5.0
https://jeps.dezful.iau.ir/article-1-107-en.html

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

[ DOR: 20.1001.1.23222468.1394.4.2.5.0 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

o s s 25

! Energy Control Center

* Load Frequency Control

? Automatic Voltage Regulator

¢ Integral Squared Error

> Sliding Mode Controller

% Criterion Performance Integral

” North America Electric Reliability Corporation
¥ Automatic Generation Control

¥¥

AF o) g jmlimpgd ojled —plaz Jlo — 2 50 (ngp Dlidod paass — cale Al

4093
X .\J9Lc cLi.ch;)o 6)10.».».0 JLoS».\.w
5 {(\YAY) olﬂ s alﬂ olils;l i
Sy gwdige byl - ewlid)lS
<8b,e (YAP) 0l g olﬂ olZaslsl

] uL""i‘ &5‘"‘“5)" LgL‘b (G Bl .l OO;

28 oS b JsS sla gy 9 sl

i oo 5 3351 Sl et 5 b s 5 508 5lb s
S8 o il (i Jgins ;0> b yo (g5 il (o0

il e Sl cs iVl

Sldol 5 VYOF Wy lelnds & ol
PPV SV LN KV PP
oRasls 5l ya8 -5, kg )
G55 5 (VYA 5 VYVE) (leaal iaio
aly ol5T olStsls 5l 1y & jad-5 s giige
05,8 <l (VAN 05 Sliizs g pole
Geaddle g dmgl sle colld

Sy sle

cbl 5 55l (as Sleoiuns FACTS Slgol 4 yo
Gt 0955 ot Hol> Sl o ol el & 503 (gl pianns (il

Bl oo o g oy oDl o1 oKl

el Slepal VYOV wlgie Ak (6 b0
w5y Wl gl s
o olSiils S, 08 -5y g
5 503,85 &b, (VAT 5 \WAL) Lol
“Bp e §5S Gemiils yol> b
3r 03 @ 9 Okl olliils jo &y
JY TR PR W I S RS L S K


https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.5.0
https://jeps.dezful.iau.ir/article-1-107-en.html

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

[ DOR: 20.1001.1.23222468.1394.4.2.5.0 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

a¥

fo

Ol 3 5mbimpgo ojled —p ez Jlo -Gy 50 (ngh Dladod caas - cole al

LOAD-FREQUENCY CONTROL OF A
POWER SYSTEM USING AN OPTIMIZED
SLIDING MODE CONTROLLER

Seyed Kamal Montazeri, Shahrokh Shojaeian,Mehri Lotfi

Load frequency control (LFC) in power systems is one of
the most important issues in the field of optimizing power
system performance that attracted the attention of many
researchers. In this work, a sliding mode based load
frequency control is developed on a three-area
interconnected power system. The power system contains
non-reheat, reheat, and hydraulic turbines which are
distributed in these three areas respectively. Both
governor dead band and generation rate constraint are
included in the model of this power system. Our control
goal is to regulate the frequency error, tie-line power
error and area control error despite the presences of
external load disturbance and system uncertainties.
Additionally, an optimization process is proposed for
optimal adjustment of the sliding mode control
parameters of each of the three areas, aimed at improving
integral performance and step response characteristics
such as amount of overshoot, steady state error, and
sitting time. The optimization was performed using the
particle swarm optimization (PSO) algorithm, which is
one of the most powerful algorithms for nonlinear
problems solving. The sliding mode based load frequency
controller is simulated on this three-area interconnected
nonlinear power system. The simulation results verify the
effectiveness of the sliding mode controller. In addition,
compared with an optimized the performance of SMC is
comparison study shows the  PI controller. The
superiority of the SMC to the PI controller in term of
control performance. They also demonstrate the
robustness of the sliding mode controller against

parameter variations and external disturbances.

Keywords: Load Frequency Control, Sliding Mode
Control, Three-Area Interconnected Power System,
Particle Swarm Optimization
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