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Harmonic distortion is one of the most critical challenges affecting power quality in modern
industrial networks, particularly under nonlinear loading and dynamic operating conditions. This
paper presents the modelling and performance evaluation of a 24-pulse STATCOM designed to
reduce total harmonic distortion (THD) in three-phase power systems. The proposed STATCOM
structure is developed using four 6-pulse voltage source converters (VSCs) combined with Y-Y
and Y-A phase-shifting transformers to achieve a 15° phase displacement, enabling natural
cancellation of dominant harmonics such as the 5th and 7th orders. A detailed simulation model is
implemented in MATLAB/Simulink, and system performance is evaluated under nonlinear loading
conditions, including the starting of a 100-HP induction motor. The results demonstrate a
significant improvement in power quality, with THD reduced to 1.52% compared to values
ranging between 8-12% without compensation, alongside enhanced voltage stability at the point of
common coupling (PCC) and minimized voltage sag during transient events. These findings
confirm that the 24-pulse STATCOM provides an effective and economical solution for harmonic
mitigation, representing a practical alternative to external filters and conventional 6- or 12-pulse
compensation systems.

(o191 usiiy Lkl A daill ) Binsi 24 (3 STATCOM aluseianly solall 2% SiSddl § Ladl g2l dog 2l

T all ol s S Gl e T sl guz

ALl | L1

ol

(THD) A3l9all dug 411
Colill Galill (o gall
Lai-24 Jy=e

dig)ls s 3 Lolsy Anumdl eliall @Kl § Blall sag> e 355 @ wbumil qal sl Gadlsdll sgadll dad
okl (ag 24 53 STATCOM 45l Jach o lof sty 2 ded 28501 ke plaF ¢ Sealioad! Juaidlly 2zl pz Jyamell

eV 5:5?

A lelazll 5y0all

Dslall 3k alss

(PLL) 2alal) alell ollas

o disxs

Ayl pl il Al STATCOM &5l J3oeh (Saa saboe sglall 2820 45U Aalail 3 (THD) I Laslsall og 20 Jolaz)
15 ludas oo &) Badet] (Y=Ag Y=Y) sslall 2o13] o3t po &zmead (VSCs) bl Apuslis dgz susme 3=l
plasialy Jadd 5ELes 73900 dedis 3 ¢ paladly Gl opaaiill Yo sled) culeaslanll auds olal] 4] 6353 Las 2y
cOban 100 8yud; Go chmd Jeadd ey 23 & Loy cddasd] ad Jeamtll Cagyls s 3 allaidl o151 0389 QMATLAB/Simulink
%125 %8 cr 9l ey Llad %1.52 J) JSI adlgall agadll (maisl to> ABlall g2 8 Dogmele Uiums ilaadl ooyl
Balall Sl el el (alasuil o Maly (PCC) clitddl o781 aads die ezl lyaiad Gl plasll 5323 . angal (g
oyl Glae Sty Jiady ecnluadlonll izl Goliaidly Ylad S ous) &uags 24 31 65 STATCOM L o mlud! uS3s

LAad 12 916 @13 Gadadl jasgall dalaily dmlsdl

iosll @ bl B3lsg cluall )l Sl £ L) catan g (il
Ldgise e gludl il ) Als) cpllasl) 50158 (olasily cylel

1T Gt Layac s Bl 35429
G obrS) pies IS o paadl § midly Sy oISl ol
Jeemtll § Loy JLpSI ezl @ ol> palasil e Gl &1 L
ailuolys ciydal wad Aumeall LAl Gagazmay callall 3505 dmds wl3dl

EPRTAY
& Lpagadl Llasll oo (Power Quality) Z3lall 555> ASe dad
8 Jleo¥ alasil @ I pnsall Azl Apuzed) 450 1S Aalas¥]
Al ol yuall old Sl € ey 8yl il g AiST) ¥ gmag (Adasll
A5l 89l ligtue Balsy Jf I3 ool udy Aueliall wilagdadl @
Blads! a8Uall sos> wbblsl AST asl aad Lo sag 8yuall wiSes 3

*Corresponding author
https://doi.org/10.63318/waujpasv4il_13

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).


https://creativecommons.org/licenses/by-nc/4.0/
mailto:aliomar.almathnani@wau.edu.ly
https://orcid.org/0009-0006-0235-5958
mailto:w.mremi@wau.edu.ly
https://orcid.org/0009-0005-1726-1500
mailto:aliomar.almathnani@wau.edu.ly
https://orcid.org/0009-0007-4859-6308
mailto: Sh.Alfathi@wau.edu.ly

Mremi, et al.

@Sl alasial of gl cid o Seloadl allaall 2letul oy
et (Smtlly Aiylae 34% Awdy TS 5LaTadl (s (e (Selll
Ml § 31% Ay Hlald adlgall sg )l ads LS Pl e @ilall
die 46 0.02 ¢ J&T IM5 ezl alaial ) BLa)  Jasddl pe Joxxd!
plagiuly dwlyull o093y (Voltage Sag) (2lie wz loga Sigu>
Lopudl adle Blriwl cdban @l ddas STATCOM asMPC
[7] dasogill 3ol lSeds 31

STATCOMLa) plite @S5 z3ses [8] 019,59 Al-Mathnani 33
2-Vector Closed Loop caldldl dwiyles alasiwl wlas 6 93
sedidll Jalasg apzdl bigia oLl 3,08l (aigai Grums Lduy. Control
LapylasgPl @Smie o e Baolyall cidazel ajenll 380 § A8lgall
585 setall gz e splad) gl 3 3aBll oSxall dg Do ae PLL
38 bl U doamyll Zedll wie Josdl az e Llinlly (il
sl sl Y]

pllaidl 8,48 PSCAD/EMTDC zeliyy alaseiwly S8l @il ol
0.78 pU ) suall uya adssl dus Adle Ao puy el Balaiul e
e STATCOM (S5 Loty ©26.25 4l yobo calpomil ae Logell clusd
LS LaY1 § 5350 SLiadled 5oy g 10PU ) ol i Bole]
Jelasy 2ulaall 5yuall qdass § JELI- L3 @Santll Bulels wiladl
Blall juime aSe 3L pus § palug Lo igazll 5,8l 1S
BUVES.Ai[ATL FYOVS EUUalj(ESC)

paaladl Gl wylae dsAall depylesdl Adlad dwlyldl 5500
de dadlelly 4Swlydl STATCOM dleiw!  Cpams 3 lbogns
1S5 oo cogeldl s IS5 Lo (augal 5,8 pe el ) atul
L8] 3ol wSss @ 8aall B g Crans Sladat] Lros Do

oSatll Glo o Aald Tylie Aulys (2022) 9,51y B. WU p15
rededs Adastl a2 Lol e STATCOM REEHLE

MPC 5.l @Soxsll

Pl guglasll oSaul]

dg0 e @slall oSl

af e @lall @Sl

dle G Jomg 05dis sdian 925s Dskall M S8Lns zisad el @
oyl gald allatll Aaglie euuds ot Byl

b GPLL 4l>g off Mlig=s ae STATCOM zes of gluadl cplal
3.4% JI 10.2% .6 THD Julas JI ol (26245 12) cladl saate
9] e 24 alasialy 2.1% () as 12 alasiul,

93STATCOM 3 (Sxall figlas (53505 [10] (9,519 Al-Mathnani a3
Blb el Lalasiwd (PV) fuueddl IR zos a0 as 12
(Sxin paasad e Al Gusiel cuzll olslazl (L aclue
Aahylgsg OO Dlgoes oy aezm (2-Vector Control) J8Ld1- LS apu
Janll s gl Bialjag mll lyaial (s b Pl eSmio aaPLL
J1pu Aegd e Husall iz 2o

&dazl Boost Converter pe dued 4ds mos dglaill cugas LS

ke (uutty S ALl slezel O Bgays 2inie aujes Ak (e Ailuge
A Az Sbgtue (] ol dsdsliS 11/30 85ua; Sy deyd Alazms
EBLAt duzdgal Jiadd A Sy Los (¥l e S ol |y Asuda
Uadly Flie Cagylall sia ety « Logobe (S Byuall By oIS in Lyd
839> (i) Asdite A9 AST| Jol> plusind dxls dxladl 4ud mias
2] 4t ol § 2l a5lad] cMuad J) ¢ sl 090 28Ul
JslxS (FACTS) 43,01 coglial) 5Ll Jas dalast 85l oy oYl 1 @
ladl Jals 8yuall 3805 & oSeilly ABlall Bage (pused] Wlad
AST (e (STATCOM) SLadl (pal il (agall daly sl 2Ly SJI
ogas e Al 45,08y dnleiwl Aoyl Blas Blasiw! 352¥1 sda
Oty « (PCO)ASLad) Loy dl alags die ayzd) eulaisy caglelasll 3y0all
[3] Aakiell daddll By bs (s 9 ! ) an

Ay e S Sy datiay STATCOM 3Lz asleadl ¢ 1o¥1 (L8 (U3 aag
Gt deiat § astadl alaadl saey (VSO) ! Houas Jy=o
@ Las 129 6 =13 STATCOM dalas¥ aulgll HLATY (o )]l
Laisie 4adlys lisSe za Iy L Lol ¥) eliall claghdl
Slrdiye pluasinl aling las quuladly guoliell cnadlsall Jia 33l
deiad o iy Lo gy (S8 ogddll Blistue (adk] s duadles
4] Ala sl axalsg allasl)

G cnlall sadate STATCOM (Sla yghas @3 c3g4all sda jolly
plageiul e deiad &) Asaaill Jelodl (e 2iass 24 93 STATCOM
slat¥l 3ua=il (Phase-Shifting Transformers) jolall dsl5) <¥gmse
Azyls lrdipe J) dxlall G926l Ladsie olaslall aglll
- THD Jelasy 8yuall 359> § Lszle causs J 6052 Los (248l
Slaadl saate STATCOM o dyasd! clalyudl sl cells e 3dke
Adlandly dasdl e Jpazmill Cgyls e jate (Saelis eloly aiazy
Aol @ e e ALl @lyuall @l Sl Gl e Jadd ey Jie
Al sda bl S aladl Hhatel sy ded) bga oo
Alad Julmty dalys I 48)5]1 sda B (o Lo e 2Ly « [5] Ayl
Al 835> (eumiy Gadlsall sgadll Julas § duay 24 G3STATCOM
Adass B8lxeg Axded IS e Busliall 200, S Alas¥l 3
MATLAB/Simulink. &y ol il

adsy Adelatl 308l (asgat) fGiae 53gel 0951y H. Patel 03
Sladl saaie STATCOM plasiwly 3yaall lied § wlaslydl
A>3l oleme plasiwly Pulse 24 S muasad G dulylll ciiazel
(23) iyl e Sliadlaal] auds L] Badzi b °15 Laylade ek
soddll daid § S Uslazs! 3SLall il coylol udg (49 47 25
dx 31% ] dssall s Wl § 125% (wTHD SO aslgall
Ly (PCC) Loyl @i s> § zuudly (oumd po « STATCOM. a3
& olaadl saate alladl &deld 5 oo Apwladl) Al 25,1548%
- [6] 8yl 8352 s

WSl Jg> wga limy 019,519 AGarcia-Cerrada 2182021 ale §9
©F S Aleill pl sgemll Bgyls coxs STATCOM 351 § puaall
VSCalls § pSa=ill (MPC) g3uitll oSl Auzesil el 3uskas

Wadi Alshatti University Journal of Pure & Applied Sciences, vol. 4, no. 1, January-June 2026

Page 123



Mremi, et al.

X, [ L ! 1]
x;l 2 2 |2_ [xa] o
2l V3 V3 37 xs
‘=7 7 U
Llxial (pumiy o3l adle Slegaddl 3l Julas § Y1 lia ealug

(oSl

Laz ) skl &gty jpuazd (PLL) Hslall Jad dal> alusrwl @z clldsy

Logias aSadly STATCOM (3ol Glosiat guliel ol g9 A3y

A Sbllasl 438195 lagdd 3929 3

alaialy dg lsall HUSY) 31 0B HUSYI e LAY Jgoes wdy clI3 ay

oSoxtlly dlelanlly Zlaall §yaall culigSe Jumds o Los « Park Jogoss

Bagz Otuwmig THD Judas § il iaie s cJaiwe Sdy Led

5,0l

Lz g Al Apngal 392 didss de STATCOM Jos Ture watas

39 tuatall of Lgamll Alelanl 5uall § (Soutll oty Camy (ASa]

alall 8,050 Gl @ ¢ Lyl Aaii azy (Sl aer op Gl

AL U s ey oo Aol 85001 7 35ad aluseialy 2ulelazlly

day O S el Hlhaaly Gadladll @ ddl e pangarll dleal

e Jymndl o2 pslall 2838 S itlly 35l e IS Jogoss suskes
P @

Budll ol el Lo gag ccali Sl @ ohlayl aLS sda Jies

Bydilie ddazlll

q(t) adasell) dlelanll §5ually pt) Al Alaall 8,08l Cayad ok

A Bl

Vg ig + Vg iy = p(t)

s Ladll qeudl 8,08 a8y 3 calu Lo ¢ (ESC) d8lall joume caiSs
8yu8 PSCAD galiyy pluinly 38lxll mls cpbl gl olis
Lol e dde Aadlelly Laydl Aads w> (puss e ziged|
-3MS Yy el Aa o ASpobips Bylomial Bedes ) 28Ls) az Ll
alaall 3yuall 5yls) e dyazdl @Seill 308 ) liS @bl oylaly
IS (o (§ s g ¢ 0.98 PU g J) Aigazell 8yuall Aaid Julasy
B8 Jumad (o s dogudl sl Lauganll 2lels 5slj9 STATCOM
zod &lad mlidl sda yolady plladl 2pdss) 486W laylude dpwed
Lylie STATCOM clsi 28, §PV Zegliie ao Jildl- L @Soeal
- [10] oy yananly el oudais awes § Loguas Gadadll Slopasatlly
Allall jolan pang @Somtll Sl il Gtennes Lueal Auolyill s 545
sgall ylad ald =Bl § LT Y] STATCOM Acail § 5ozl
plaziul g dasill mey Las (12-Pulse STATCOM 4alas¥ 4.1l
Aub Jilas oo 8,89y W Al Alyll § 2480524 g3 STATCOM
4dlia) adyd Sl Jl Azl 090 85uall 8392 iy iliasdlgall
[10]

Bzl

il § aslodl g ddll Julasy Jeles (e Azl sda § 2SN @3
Aag 24 55 STATCOM allas 88lrag dxdas S5 oo sskall 4500
Jagzmi e @ild pudie pSming Bodaie dez sdsan Ssme o deiny
s ) @l Y1 e Buge (PLL). skl Ja8 dal> (aff) LIS
Oty ¢« (THD) SO asloall sgddll (ads § d>Aall adl adlas
aSad!) Ll dlads wie allasl) Saobgadl ¢1o¥1 555 gzl 5l yazal
(PCC).

(Ja basg Jlie Az sian (0 O8I Heladl M Byu8 Al A s o3
A oo U plias 100 3juiy G hixe @ Jtey Jas e Ja>g
BELre LYl i mly gzl alazily wlaslsdll ules § il
e sl pe Jleo¥) At pousgn olad Budido Bueluo Juidd g)ls
Byuall 839>

@bl z sl o2y oa 3 «A5lsal] L) SNl suall sge> Jiad
wassadll dasg Jid adlodll Lalsime Julea Jozxll

203 DI (0 L 24 (55 STATCOM (4555 e zall allaid] dazag
Otloma ne Ugioga clias 6 555 (o (VSCS) azr sian cifgoma da)
Sladlarld adall cLIY) ) oSl 1da 6330 15° Laylada ek 250
HedE S dpde olxdie d] dlell 090 A0l Ladsie
(IS o Al sl e Al ulasl gt

1+24k=h

oo Glad (@l Lag 129 6 Aalasly Wylae Bpage lues clld Jiasy
giged! (1) Sl misgy Adlia] gty ol callazs 83,1, Sliadlss
. STATCOM 24 pulse controlrd by PLL & aff 3Lt 7 Aall

(@B) NS dsgoms Basdas @y o lawcedl gdaill Julasg Sl LAY Jeleily

Up g = Vg iﬁ =q(t) 3)
Jetety dgmtll s mewy shall A0 3l wlilos sy e
e 2a8leully ALl SUsSL bl e e Lo el LS Hlb] (3 el
ezl sotiall v s Agaill dlasll 5,0all Jiasp(t) o (oSl 485 iy
Wadi Alshatti University Journal of Pure & Applied Sciences, vol. 4, no. 1, January-June 2026 Page 124



Mremi, et al.

G Lsd zidgy Bode 15i5e THD aady . pS¥1 alall 13 2.zl
Bygemy Aesdll s ptieiady . swled] Lasasiy Lylae 5La¥) "slas pue”
Ao ledl sty Aol S Adasll § gl papdd @ daxly
.Active Filterss STATCOM (Jie asgai 53

Uiyl Lo disiye e alsls dual Bl Uiw 2uadleall Jad LS
seall sy (€l § uabliall 3laYl 5abiy Ayl sl
iy oSt Zalasl § cllayl Jslas ) ls) culiaall ool A8Yl
39 omsall sl mueias @ Tuwlal Bylas Slaslsill Ay dad
[11] Byaall Bage Cpus alids ghas

s aud oo hlad) dxllas § e Lo giall (s ol 45l [Saoy
SlaoAll de 1S ae A8l S 5L s ) laslgdl ass
Sldipe Slaatll sda Joddy Host,ll e SUSL (o Ll
Jie FACTS aalasly bl culadlgrl cilodiyng «Apelaadl cliaslgall
G oliadlsll WSlas Az ge JS& dilss e dezad @I STATCOM
edas of Lelad)

Byaall 89> @b @ Lyasx Bolas Ladlgtll gl ol Jad cllisg
oead UGS augal Jol> ausgy (Al SICA) elal quass
[12]akas) e Jles¥ e Al bl e Julasg ) ) anad
o—P Transformation Js=ul 4.

Jigts dya Lo i ¢ (P Transformation)lw—Lall Jgaenll 2us5 Jad
e ﬁ_x.éauﬁ Luuwlal Aoy Lmiia « (Clarke Transformation) IS
sda iz ALy SI oY) G @Soxally Bpuall Aadail § awly Gl
dalaze il Hlb) ) abe gl HISY (e ssladl AN ol Lay! dadl)
Olaas (93 4Ly S Sllad Bl 58Ty Javal Slies ey Lo 0P
Glaxdl waadll Julas @ ds=ill 1o mpady Apwladll cloglall
e85 ey G laglatl) § Lals (LYl Julos 4L Gy
18]zl 8,08l Aalasl § 5Lally @ Soetlly ezl Ll gslall 2g3
e sl A wmdl o Ll lmio blaw) e 0B Aaas deald
AEy Bydtue Shlal zi b say (Ll Gaiadl § ol ouysme
Jetatl) 1da (Kasg . Mol alladl (G 515001 ohLayly 4jlae Ay
L3S (0 Aapylsiell Galims 3] BelaS AT (Kol Jelms (oo LI
AST dagylay Al sl (aibas 71wl meudy Grivall glul)
[14] Ggug

3 Anlilly (St clilos Jigasd 5 Jigmtll 1 (e gt ) Bl o
Sl e et SleSmio e Buaiall Al dols (8yuall Aakas]
AT @S iliadslos skt GSYL ol (! i Juadsg Buslall
Slal> § ale S By o lsSe pustad s (gl Blatuly 285
gkl 23l @ld @hLay) Azllas J| & Ll O9a szl 5Ll @S|
2301 2le Aol LAY Blys lapeuts 0B Jsgxs wydy <[15]
O3S pa Jolaidl @iy *120 B9l Bpdie hLa) M il (e Lo
@ 4 Soxtlly dndlie Jeug axly dmio § LEoY Logzmas Sy ol
@ Sl Aalasl 8elaS supad () Layuaal) lda ool uBg . agamdl a3l
Lt e¥gmag ol HLadl wlSy=e (STATCOM (alall =¥l
[16]

Bl Joldy dag,ll 2ol Zlelazll 5,08l Jiaqt) e
Al polic 3 @l
otSye J) Aozl 8yua]l Jul=s @i

p_+p~ =p(t)
q+g~ =q(t) “)

(L) 8yanud | wboSU Jiasp™g~ @
paey l@dledl e Al dpdall clSl Jias p~g~ @
Jileslt
Les Lpunsgar] Budall LS Blagul oy « STATCOMAksl 35
Byaall Jolas Gruuceiy uw‘}ﬂ‘ os-ddll Julas ) o5

LYl Aslall 38y o LUSY! § deam kI gl Sl Glu g
I*lrv v
p B a
[q/*][_"a "ﬁ]v + 02 | l ®)
BIRE{ L LS

Aglaall Slrgetl) (aagatl pr=p* e

oIS, 228052l 2yl lal) 3,511 u'a-:yﬁ-‘ GH=a e
Jodd Slagyluw sue cms plladdl jlas| @ (S Bedzxily

GJosdl e Jexll dgis @

(Voltage Sag)izlie > (olasil Cigu> @

STATCOMUadd dasg Jud 1531 ajlaa @
Al 1Y ol dige ol @3

(THD) IS adlyall ogtdll @

PCCuic ull Jhatul o

Adelatlly dlaall 5yuall @

ShaTals Llerdl ey @

5uall Jalae @
Luglazll STATCOM aelail e ekl allasll il ailie cues (s
molsll Beatll 51,y Assall e Ul ) ols) day 1256 @l
plagiul 095 848l Bog> (mumig THD (ads § dag 24 44l
Asla] clxdpe
(Harmonic Distortion) il gl digall
& bl qualall usi (Harmonic Distortion) asled! 4seidll Jad
AU pdtd ply Bl e pasiudy Al SOl 8yuall Boge Julxs
585y a8l Hhatal de Ang ASTY) c¥ymlly Al a2 Jles¥)
oo deseme J] ALyl Apsll Ll e (ASlsall 4sadll 5,55
IS Sad Sy couladdl sol laclian i @) ool oSt
i Jad gzl o Hlald QUL el Sl (e Bl jluie Ladles
ity s 3] Ayl Byual) Aalasl ol il Ao BloT Jelml!
ludl Slaall e lapsl puasy allasdl dsls 2.a805d) Holas
[10] Jad! boghasg (A9 ASTYN J5loudly

Apysd Dby alusiuly (THD) JSII adledll dgddll olid o
bl e 2SN e Al Lelisse b)l.w?” decomposing i tus

Wadi Alshatti University Journal of Pure & Applied Sciences, vol. 4, no. 1, January-June 2026

Page 125



Mremi, et al.

[20,18]
pllasll Blmiwl Hlasl M5 oo adbolae baps of PLL cayts oy
Steady-§ dalxll lole 0peds ae cnliadlsnlly sailly el ol pasl
0% Jie Slydse ae PLL Bag> wlals Transient-State oState
oaddl Acudy yshall aas A8y (Aadlell Lapatl) Byud ) yanu]

.[19] (Harmonic Rejection)s 41U

!
STATCOM Aagliie Juidd day Sl iyl e JUaall azll (ulid o3
oLy Laddl s9uzd) (s iy ) of bl o plsl By 2ias 24 i3
J& RMS Voltage s ol o abs a2 Jlsl 3429
2168V RMS Voltage 4e.d sl jasgatdl day Lef 198.4 Vi asgall
Ob> e diuliy Azl qes e STATCOM 8,03 J| el I sd
coms adl el § Alle 3elaS LuSay L (ASid) G canlill L)

ikl Al Al oy Ll

(Total Harmonic Distortion — THD) ASJ! 28] gl &gl

Adlgtll ogiill (nas sa Hag 24 35 STATCOM ilual eal usi
dexll THD JSI1 aslotll dogddll oBsiuhasdl ae JLo¥l oo bl
STATCOM  (Sy5 way cumpoly 7.86% STATCOM (Sy5 Lid
.1.528%

skl azdl o ST ol o5 8l Gsius 0 2 03y (KAl § @bl ylad
Jda wdy « 5% @Aéizﬂ FES (RN L_;,m IEEE Std 519-2014 ,Liax @ £
4l o liadledl Julas § 4as 24 00655 g ) Tl palass)

Zoadanl ¥l 4ylae 139 119755

A

]

NET

¥ RMS

_rF

#  THD

STATCOM s aasg Jud aizll THD (g9na 2 U2

(Injection Time)ydze!l ey (0 @
el 3 iz las ad Gigus ie STATCOM dlmiwl (po) emad o3 @
ool 1dag cUd zissy 3 @3, JSady Injection Time =32 ms o
Sl oM dasyudl leindl (Lo STATCOM 808 182y sl
Dharel cdbas @l Luelyall Lalaidl Lulio dlaz Lo 3yl

oo Onsedily il e 2adully ddasll Jogoeall i dands o)
s osx5 pa IS pgoxs o3 e chatad daokite (S Aalasl yyglas
Shly Lualsall slemia 2dlhe e etad Zolasl ely 2l L 525 <(dg)
ISy 8Ly als 380y (Saalipall SLATaYl ol Lo il (S
2l

PLL (Phase-Locked Loop) 8= allas

Gl eal u>i (Phase-Locked Loop — PLL) selall ails allss Jad
W ccodlasly colag ATy 3yuall daail § Zeasrudl 2ol
BLals Tuazse B (w lall Raalpe e Al Byub (e 4 ptedy
JPLL Gy BLaY1 3 clags of wlagdd 3529 & G cAulia
Buaic dlaz leo Alle 80y wladl 3LaY1 Hsbg 505 7 y%iwl
@bl Sledpay Byudll clogas (nldd) day dalas & Gras>
[17]

Al S 5,91 jobs s e PLL @S allat] guolaadl Tl oy
Aanylay az, bl e Joad @ cpllanll Jsls dse U51s azper 4sylaag
sy S Aasd ol ) oomslad) o Tl Jlas o3y Sy 31,85
Bydd LY sa ,og5 Aagndl 5LaY1 jeb e "ase" sllaill xea,
Loe Wy 23015 azell & Aaspaad) il piald  Sgalipal) Cdasll e dage
(18] G3lsal pute sf Ladlnll og bl St AL 2 gLl cames
sy 9K A (o gutalanll PLL (68,

(Phase Detector — PD) yslatl cails .1

slsll sl 3)La] Jsloy Alall LAY1 ssb o Bl Gulids o9
Lo 59 «8lmi¥l da (Sl s 5)La) 7] e adlS Jony « Elsls
ool Alas 3 Al Bolasetl da

(Loop Filter — LF) dalxll xiype .2

A6 e Jladlly Geladl a2 e Amsldl sl BLa) @i I g
Sl Gsme mioll e puasas Jad ¢ Slaslsdly clasial
Seelipudl Sladl Ao y09 Ll Aoy iy s alladdl Gltwly
.[19]

(Voltage-Controlled Oscillator — VCO) 4, ‘qg.xla odede .3

o0 ! ez e 13larel lapall ehild 33,59 A ey 85l wilony asdy
o @55 @G> laiuly 2l 5L VCO Juad « 2alx)l mdye
a5,

e Jysazdl e 5318 PLL gy « MolS5 JSCiy b3Sl sia Jase aay
Sl Gl dazmy gl a1 Al 3359 ekt Gy Jukes
g §  Sotll ASI ¥l @ (oSt Jte 8yaall il 4]
3 ol wlmslinl dass < dg Jl B e Jis=ill STATCOM
[17,16] pelatt i sl

Jie ziles cpds Cum Bl lgiad) @ S iy PLL 34y opelas
9 ap-PLL ¢ Synchronous Reference Frame PLL (SRF-PLL)
s @lly <Decoupled Double Synchronous PLL (DDSRF-PLL)
o Jladl adladll sgidll @y lSadl Cag)ls o Jeall e Ly
4las) bl ) allayl Bsss e 23kl sia detad .0jlsdll pae
aladlel] allasdl Aowlus Julasy pehall puay 38y 8ol Aalixs

Wadi Alshatti University Journal of Pure & Applied Sciences, vol. 4, no. 1, January-June 2026

Page 126



Mremi, et al.

s STATCOM 5,43 (0 3amall %15 il Sag wlilassl Jlssl o3
el @ obha¥l st mss 1 oedy Joaslly el Solazal
PO RS I (T NICTN N

el palass! Judzs o 1 Jouzd!

gl Logall il
Zpagdall ALt 1.02 pu EAFES (A NOPS |
EWERRN| 0.87 pu ESFES (AT RPN
Aelaall Ly )l 2aid 0.15 pu EREES N NN
e Bolaiwl 0.997 pu ogadd| aay ezl
S alazidl 14.7% gl Al
L 2agall e 99% bl Aeudd!

I s5aall ! (e %099 slaiwl STATCOM of gslusdl sia cuts
ang Jd Al wr g 5 el SKadly Tz Bpuad Gl 3508
_STATCOM (L3 (e asgasll

Y sigra St

sl dasy Ji8 A a5 A

G;b}l\j Sl plas a4y ald 6JJ| eS| =299 Cﬁ-ﬁ—u ﬁUéJJ\ I il &,lae o39
2 o8, Jgaxlly

STATCOM (24-Pulse) S 3 casg Jud o181 Lyl 2 Jguizall

el e 8 43l
NVES[JUNTLP Y-} 216.8V 198.4V RMS Voltage
Ly ladlgall Lnas 1.528% 7.86% THD
%81
Aol Asls 4Lt 00325 — oaztl o)
Saolias (s 0.11s >0.20's Settling Time
()
HLEY) 8392 (uus A g e agll Ui
8yl Jalae Couaces 0.99 0.84 PF
%99 85laiwl 015 jassadl @3 Fladed Voltage Sag
PU

oo et s 12 9 alias 6 <l Baylad) bty e allaidl oo 2500 o3
3 08y Jgumlls minshls Sliadl 53L5 4las

'''''

'\(“.‘hh“u‘n"‘“ A N f\
“‘j/ | ;‘; H W if )\/ J}\,

I

—

oazl sy Aasd uamiy STATCOM Ls:3 Jsad!

(P) aclnall 8yuall
sley ,Jaadll 4l § (Transient Spike) sple 893 cipls @
4 o3, Sadls Settling Time = 0.11 saie a2 allaill
-l e LT 8yuall dmie g

Lo a0l e U adaatl 3yuall goeie 4 JSCEJI

(Q) adeladt! 5yuall
08 Sl o Bulelanll 5,uall passad § Tilies 2151 STATCOM (b
DAY e ol s 5

Loyt 2 adyl bdeds @

To> Spnd s M5 oS 5lya1ul @

Jerdl > Cous Q pobiatal/a> slzsl @

Jeasdl b3t alelanll §,uall S

Wadi Alshatti University Journal of Pure & Applied Sciences, vol. 4, no. 1, January-June 2026

Page 127



Mremi, et al.

oSaiy Lo IGBT zulin § dodl clibes e Bl culiadlall
el 5l yatuly (Spalipal) el ¥ s (e 5,800

Beisly Lures STATCOM S5 g Jud 2ady Il 5yall oy ot ellig
g oelAL 2168V JJ1986V (e adsl fus Jall wdl @
Byad wludl sia uShss. 1528% 1)8.23% (wTHD e (slasl
oAbl clagadll Julasy aexdl Hhatal (russ (e pAall alladll
4le 2l ol Jie Aathl Jlas¥l as¥ly ezl pe JlesHl
Byl

4au 24 53 STATCOM slazel of dulyull sda musss dale 3y34as
Ljlie Bgate 51o1 L35 PLL& 0B e aeial oSt Auzmailinl ao
oads s e slgw (JBY Slagll sue @ld adadll delasdL
e pllasll 3,08 3587 of (ASalpull Llniadl cuuces ol culiadlgall
o= Geedl dogdll milidl sda pedsy Bplall GbllsYl A2lge
phi puadll @Sl clighs § olaad!l ssaate Kbl alasiwl
552> (e Alle Gbstun s G Lslivall oilindl § Lols (3yuall
S ABglge 5u5aT G e L (ABgign Lylaiul Aeyug §yual
Adasdl e Jles¥l a5l s Lelol Cuncniy 40, SJ)

s Lo L

plazialy 3ELelly dxdadl I (e dwlall sda @ls oyl
Bi=; Aag 24 g3 STATCOM slel of MATLAB/Simulink
o Bpuglanll Aala¥l Bylae ALy SOl 5yuall B3> § Brage L
shai @3 udy 12Pulse. 5 6 Pulse Jie J8Y mlaadl sae old dalas¥)
pe Ailire Jddd Cag)ls cums STATCOM gl Sy JalSie g 3gas
Alelazlly dlasll 5yually (adletll ogddlly cagadl e opili uuds
plail) Sl ) 2lazdl ) 25Ls)

claslgdll Jlas § 24 Pulse S adlall 5.LSH 381l mils iy
(1528% JITHD Zeid conaseil tuo cbogmle (S ally HLall &
ALJIEEE Std 519-2014 s 389 45 zoased| aell oo niSG JBT (29
Al o S z ) e ekl allaill 5,08 (alasi¥l 1is (uSa155%.
5yl Baga Gruacmg Al pe JleoSl Al sl Jay Los o
Al S aadl §

ol tus oyl ity dezll qilais § UBrialy Uos giludl ooy lol LS
an 2168V Jl 1986V o Jiaall azll a8, GSTATCOM
e Aol diegd (e 99.1% Jls> ) el Balatal pe (pasgadll
Soeedl ol el USG5 (Voltage Sag). wzll @ cdge yalasal &igus
e il ol gzl (2 lall bgil dxllas § STATCOM Lz
Jeadl cag)ls § aualall ool of aladll Jles¥)

Aoy Eum o0 rade 2101 ALl alladl S ol aSialyadl 2Ll (e
g 32ms Jls> Adelanll 5,08l od> ey ooy gl 3] (Rplmiud)
J Bl sda adds 46L0.1 oylay crey S Adadll 8yu8l) &yd
Adsiy Splall ablladl ae gysall Jolasll e STATCOM G,us
Al S A leme (Saalins Hlydiu!

el STATCOM ¢ auleladlly Aulaall 3yuall Julos mumsl lliS
oo el (Q) adelantl Byuall 3 Ao¥) clidadall Julas @ lels

9 STATCOM (12-Pulse) 5 STATCOM (24-Pulse) oy ¢10¥1 a5lae :3 Juized!
[23,22] sTATCOM (6-Pulse)

STATCOM STATCOM STATCOM pll
24-Pulse 12-Pulse 6-Pulse
1.52% 3-5% 10-12% szl THD
Lleiwl—4dle spai— At —dndkie oasgaill 5yud
53lee Jai ey leiul Q Gelad!
~35ms 25-40 ms 40-60 ms Bl oy
15% 12-14% 10-12% Voltage Sag
Compensation
01s e slazwl  lawste jlal s S slal 8yl 5l paial
LAzl Palasll
~1.0 0.92-0.96 0.85-0.90 PF3,uall Jale
24 pulses 12 pulses 6 pulses S obadd! geiue
oSl 7,5
WA HY

3 STATCOM e @ilall ziall alladdl $pas dulyl sda gili 548
Sl § Buall Sage cnweiy Adladll sgddll Julas § La 24
Sladb e saerall Zoudanll el &lae «pshall 4 by S
Aaladl Sl yall e dpaall 339 LS (Buag 12,

sgdlll aas e 5al8PUlse 24 Ay of 8Ll milu sl Cos
Jil pe (152% by s Aadsie Aed J) (THD) JSII aslsall
&l |EEE Std 519-2014 jlae (329 4 zaadl (ad¥) axll oo S
) gzl aetll i S5y gzl ogid) el uxS5% Awd sz
i)l o bl ladledl L) e auag 24 280 Al §yuall
ald Zalas¥l 3 S gumall Jias @ wlaslsall 2y (13 (11.7.5)
A sl sae

STATCOM cuazel &1 aayladl coluol,llly bl sis @5,lae dicy
Control and Modification of 12-4 ygaill Jeadl Jio cdias 12 4S5
Pulse Static Compensator with PV Cell Using New Control
o ) ol Ayl sda 3 wladl sue 8505 of zaz Algorithm
b 529 Audls] 4adles wledye ) dxladl 090 THD Gt 3 Sra5>
Ay apaaddl a5 Eas (e dage Apasasal Bine o)

e (PLL) oyshall caliill Aal> zos of @ludl cplsl 5T il e
s (§ Js Sy WT off (Clarke Transformation) <gees
Al § L ¥ bl bl (LS STATCOM 4lxiwl
sall d> e skl alladl (S uaé (Voltage Sag) ! (alas!
Bolazwl J] 6ol Las (32 Ms s> &l 10 e ey I Aleladl]
oo 99% ) cdioy (asgal dwdsy (1 PU (e duyd Acid ] )
oo datall @ dlizmad @ Lo 2oyl Glntad] sin Badiy .3saall dezl!
ald oSy ol ualas cleSaie cunginl (@ Aaladl Slaldl
JB1 sl

of aulelanlly Adaall 5,0all Julns o was ASaeliyadl Ll e Ll
81 05 99 ASBO.T Selmmy ¥ ey I SLanadl Dl I Jumy allasl)
oo Glad L We @l das 1296 @3 STATCOM aadasly &;las
J oLl S lhanadl () dgaosll Jalol s oty catel cljliial
oo Jas claadl sae 8565 of alud! s uS5g apas! clga¥l el

Wadi Alshatti University Journal of Pure & Applied Sciences, vol. 4, no. 1, January-June 2026

Page 128



Mremi, et al.

839> (pust] pudie J=S FAall allaidl ddlad uSh Lae 39l O3les

Aol 450 S SISGAd) A glga Saaty 5yuall

Slo !

e @il (St adlas (o qidl e @ Somtll iliapylgs sapas 1
Jie Zeddte wluiylss L=ty o9 <of TransformationsPLL
241 Resonant Controllers 5l Model Predictive Control — MPC
bl e Jlo¥l wie dols A8lgall sgddll Julasy auidll 48
Bl

Jasl  Jlo¥l spad clagslie Jadad 2l Bl s .2
el bga Jie Bylas ST Cagls cxs STATCOM clof Las|
Large Motor &.S8uwbus (o> cbayg Jso) of (%30 Bgas duds
- THD@ 8315 090 bzl e allaill 3,08 (0 uSTall Starting

llaidl Badas @l (o Ldgi> 280y S S e alladll jlasl 3
sl o sanill Bulad aiiss Ses i duelio Sliy § gAall
clagadll Jodd @l Apadlyll Jasdll cag)ls SSTATCOM
3lsal] a2 Chg,lallg Aaanll

Author Contributions: "Mathnani: Conceptualization and
methodology, writing—original draft preparation, review and
editing. Mremi: Data collection. Mathnani and Alfathi:
results' analysis and discussion. Both authors have read and
agreed to the published version of the manuscript.”

Funding: "This research received no external funding."

Data Availability Statement: "No data were used to support
this study."

Conlflicts of Interest: "The authors declare that they have no
conflict of interest."

References

[11 M. Bollen, and I. Gu. "Signal Processing of Power Quality
Disturbances." 2nd ed., Hoboken, NJ, USA: Wiley-IEEE
Press, 2018. https://doi.org/10.1002/9781119406083

[2] A. Alnaedh, A. Matoug, and S. Al-Behadili. “Analysis of the
Electrical Power Distribution System in Tarhuna City (Libya)
to Avoid Future Loads Using NEPLAN Software.” Wadi
Alshatti University Journal for Pure and Applied Science, vol.
2, no. 1, pp. 23-33, 2024. https://doi.org/10.63318/
waujpasv2il_03

[31 N. Hingorani, and L. Gyugyi. "Understanding FACTS:
Concepts and Technology of Flexible AC Transmission
Systems." New York, USA: IEEE Press, 2000.

[4] M. A. Aredes, J. Hafner, and K. Heumann, “Control of
voltage source converter based STATCOM for power quality
improvement.” IEEE Transactions on Industry Applications,

vol. 56, no. 5 pp. 5052-5063, Sep.—Oct. 2020.
https://doi.org/10.1109/T1A.2020.3001129
[5] S. Khadem, M. Basu, and M. Conlon. “Performance

evaluation of high-pulse STATCOM for harmonic mitigation
in industrial power systems.” IEEE Transactions on Power
Electronics, vol. 37, no. 4, pp. 4210-4221, Apr. 2022.
https://doi.org/10.1109/TPEL.2021.3119824

[6] H. Patel and V. Agarwal. “24-Pulse based STATCOM for
harmonic mitigation and voltage regulation in distribution

b wlale (e dgiamdl ] oof Lea « (P)acdaall 5uall § cljlAad)
JI0.85 (e 8,0l Jalas cruncss § pllsill delu LS Aalatiog 5ya7us
Jelas e il Sany gl adl Ampmiall sl (e 28 2ays
A A 5o LS ety LBl gall

24 allad) Geislg Bgas 12 Pulse o 6 PUISe ssasas po &,all cyilsly
Okl gl Shilal (e dely (Ladlyill g Tl Julas Eus ePulse
e (Sealigoldl LAl s 3] 28Ls) 2las AST 2ge JSA il
& ool sae 53l J) Gsazll oY) i 5y llhsYl gl
oo Baslad) cladlenll slad) e 45,08 33a Les « STATCOMJss
135115745 syl

) oansanll Aladg 2ltadl Ao pun s oy Lple Jummill i) 143
Leluall clighill 48 K @LSTATCOM 24 Pulse allss ¢
Aalasly (8yuall adle coxdl @Spme Jio Bpaall Jlesdl ol3 alal)
sda by o s e Jlesl e aenad @I pilally (Jadl
! ety Byuall B9 (re dndlie ibigtue Sl

af cDgmioPLL e Awilall @St bl mes catl (s
bl Jdas ae B LAY1 B35 Crumiy ) Al § Ale ABgise
pue Ml> 3 G Jeaddll hatel e Bblandly oaxl cllee oL

networks.” IEEE Access, vol. 6, pp. 4215742167, 2018.
https://doi.org/10.1109/ACCESS.2018.2865674

[71 A. Garcia-Cerrada, J. Fraile-Ardanuy, J. Toribio, and P.
Roncero-Clemente.  “Predictive  control  strategies for
STATCOMs under unbalanced and distorted grid voltages.”
IEEE Trans. Power Del., vol. 36, no. 3, pp. 1432-1442, 2021.
https://doi.org/10.1109/TPWRD.2020.3018436

[8] A. Al-Mathnani, A. Lesewed, and J. Alashi. "Control and
Design 6-Pulse STATCOM Using Novel 2-Vector Closed
Loop Control Algorithm," 2022 IEEE 2nd International
Maghreb Meeting of the Conference on Sciences and
Techniques of Automatic Control and Computer Engineering
(MI-STA), Sabratha, Libya, 2022, pp. 167-170, https://doi:
10.1109/MI-STA54861.2022.9837647.

[91 B. Wu, S. Kouro, J. Rodriguez, and F. Blaabjerg, “Advanced
control of STATCOMs under nonlinear and unbalanced loads:
Performance comparison of PIL dq0, af, and MPC
techniques,” Electr. Power Syst. Res., vol. 212, p. 108559,
2022. https://doi.org/10.1016/j.epsr.2022.108559

[10] A. Al-Mathnani, A. Mohammed, S. Al-Hashmi, and E.
Geepalla. “Control and Modification of 12-Pulse Static
Compensator with PV Cell Using New Control Algorithm.”
Wadi Alshatti Univ. J. Pure Appl. Sci., vol. 3, no. 1, pp. 1-10,
2024. https://doi.org/10.63318/waujpasv3il_06

[11] H. Akagi. “Active harmonic filters.” Proc. IEEE, vol. 93, no.
12, pp. 2128-2141, 2005. https://doi.org/10.1109/JPROC.
2005.859603.

[12] M. Radzi and N. Rahim. “Overview of active power filters for
power quality improvement.” Renewable and Sustainable
Energy Reviews, vol. 16, no. 6, pp. 4148-4163, 2012.
https://doi.org/10.1016/j.rser.2012.03.0261

[13] L Hingorani and L. Gyugyi. “FACTS controllers in power
transmission and distribution.” 1EEE Press, 2nd ed., 2020.
https://doi.org/10.1002/9781119472187

[14] H. Akagi, Instantaneous Power Theory and Applications to

Wadi Alshatti University Journal of Pure & Applied Sciences, vol. 4, no. 1, January-June 2026

Page 129


https://doi.org/10.1002/9781119406083
https://doi.org/10.1109/TIA.2020.3001129
https://doi.org/10.1109/TPEL.2021.3119824
https://doi.org/10.1109/ACCESS.2018.2865674
https://doi.org/10.1109/TPWRD.2020.3018436
https://doi.org/10.1016/j.epsr.2022.108559
https://doi.org/10.1109/JPROC.2005.859603
https://doi.org/10.1109/JPROC.2005.859603

Mremi, et al.

[15]

[16]

[17]

(18]

(19]

[20]

Power Conditioning, Hoboken, NJ, USA: IEEE Press, 2007.
H. Akagi. “New trends in active filters for power
conditioning.” IEEE Transactions on Industry Applications,
vol. 32, no. 6, pp. 1312-1322, 2018.
https://doi.org/10.1109/T1A.2018.2866844

R. Teodorescu, F. Blaabjerg, M. Liserre, and P. Loh.
“Proportional-resonant controllers and filters for grid-
connected converters.” IEEE Trans. Ind. Appl., vol. 41, no. 5,
pp. 1313-1322, 2005. https://doi.org/10.1109/T1A.2005.
853373

P. Krause, O. Wasynczuk, and S. Sudhoff. "Analysis of
Electric Machinery and Drive Systems." 2nd ed., New York,
USA: IEEE Press, 2002.

R. Teodorescu, M. Liserre, and P. Rodriguez. "Grid
Converters for Photovoltaic and Wind Power Systems."
Hoboken, NJ, USA: Wiley-IEEE Press, 2011.

P. Rodriguez, et al. “Advanced grid synchronization system
for power converters under unbalanced and distorted
conditions.” IEEE Trans. Ind. Electron., vol. 61, no. 3, pp.
1355-1367, 2014. https://doi.org/10.1109/TIE.2013.2271591
S. Golestan, J. Guerrero, and J. Vasquez. “Three-phase PLLs:
A review of recent advances.” IEEE Trans. Power Electron.,
vol. 32, no. 3, pp. 1894-1907, 2017. https://doi.org/10.1109/

[21]

[24]

TPEL.2016.2565642.

S. Khoo, P. Wolfs, and N. Fletcher. “A review of the phase-
locked loop techniques for grid-connected converters.”
Renewable Energy, vol. 119, pp. 108-123, 2018.
https://doi.org/10.1016/j.renene.2017.11.093.

F. Gonzalez-Espin, P. Rodriguez, and R. Teodorescu. “An
adaptive  synchronous-reference-frame PLL  for  grid
synchronization of power converters under weak-grid
conditions.” IEEE Trans. Power Electron., vol. 30, no. 9, pp.
4508-4518, 2015. https://doi.org/10.1109/TPEL.2014.
2366372

S. Mishra, “Design and simulation of 6-pulse VSC-based
STATCOM using PLL and af transformation control.” Int. J.
Eng. Res. Technol., 2019. https://www.ijert.org/design-and-
simulation-of-6-pulse-vsc-based-statcom-using-pll-and-
alphabeta-transformation-contro

K. Devi, “Modeling and simulation of 12-pulse STATCOM
considering PLL-based control strategy.” International
Journal of Engineering and Advanced Technology, vol. 9, no.
3, 2020. https://www.ijeat.org/portfolio-item/modeling-and-
simulation-of-12-pulse-statcom-considering-pll-based-control-
strategy

Wadi Alshatti University Journal of Pure & Applied Sciences, vol. 4, no. 1, January-June 2026

Page 130


https://doi.org/10.1109/TIA.2018.2866844
https://doi.org/10.1109/TIA.2005.853373
https://doi.org/10.1109/TIA.2005.853373
https://doi.org/10.1109/TIE.2013.2271591
https://doi.org/10.1109/TPEL.2016.2565642
https://doi.org/10.1109/TPEL.2016.2565642
https://doi.org/10.1016/j.renene.2017.11.093
https://doi.org/10.1109/TPEL.2014.2366372
https://doi.org/10.1109/TPEL.2014.2366372
https://www.ijeat.org/portfolio-item/modeling-and-simulation-of-12-pulse-statcom-considering-pll-based-control-strategy
https://www.ijeat.org/portfolio-item/modeling-and-simulation-of-12-pulse-statcom-considering-pll-based-control-strategy
https://www.ijeat.org/portfolio-item/modeling-and-simulation-of-12-pulse-statcom-considering-pll-based-control-strategy
https://www.ijeat.org/portfolio-item/modeling-and-simulation-of-12-pulse-statcom-considering-pll-based-control-strategy

