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Fig. (1): Fundamental structure of a DSTATCOM connected
to the distribution network

()

WA bl = i ojladd —pgd Jluo = G 6910 0 gy delibad

3, Sbes DSTATCOM S pius s glroaiss J s
=51 5 ST slagles @ il 5o caS Gl
Seebind meas b (Sgesle lagl > 5 5Wy slaSise o
acgorme aSul 4y azgi b el aidly S 5Ly LS alS 5 5L
k) 330 Joo (g o g 9iblion (o e 0208 (slapiane
—as g G s 5l 2l sla e o 0,8 ol QT LS‘)'.’
S S Syt o ot 5 o ipacls cal i sl
el 00l oolazwl
ol oo 09 syl )l jo Ol b (g5 sleeansS S
JL e (Hyausa ke lauTd )0 5290 S sl el
Sl wals SIS slooaisS J,muS 4y S &5 Slo 5
L 5 U8 o3l il e 55 S S5 & e
Comlion 857355 0 Lal (556 I8 5 31 Cugas @y Sl
Bed ol 0 0 3 lawgs
Sl 99,5 oL ol alox 5l M ¢ crac sloaSs (o
Yo 5 Sloe &Y sl sl Sl (SisSz 5 ad (550!
a5l Lol s ls sg=g online sla, 5" sl Slawla plxil oo (38,
(SIS S 5] ol 18 Al o bsn il dyion i 4
Oyt 5 s aliod] 2 SleMbsl 51 45T 03 0 0 40 (shdad Dl
oo Ly S oolainl (JyiiS Al gl a5 bl (o
50 Shoets U lojen 0o S la iyl ciny 050 nlgs
g s g i anl sl el
L a4 1) Gab @i ol 5 kel ool S
50 il e Caws & mae — (531 loosisS LS (auS adlal
Cugae wly @ Blite dg sla bl den oS JpuS ol
50 emas el 6,80l cools jleslaiul b glg oo 1) 551
S5 e g3l 5 S (e 5 ol ] SisS IStn
Cugde @l ulpd Grizres 5 51 phs Slas39)9 Cugas
LBl eply |y (29
392 &l p FACTS clglol o )15 are jo silidre Yo (9SG
TR 5 L7 IFPSUR | ) IRCUN PRV N FERRE IO C
Gl A o, Shas b oi3sd 0b it LSl bl 5 s
5ol el gllas T 58 45 euis ooliw! DSTATCOM
g @ Gl S p g b0 B 0SSl bz JS
IS S A aalye jo ol asly, aolisl ISl s Slee
s 5O s 030S S lemie 4 (658 sleon S
o 50 les S sslaiul & a8 slapiucs j3 pwabliseg 2SI
So an wliws e 53 slmoaS Sl lalgs [V-]
G FACTS Oljgon (J 508 plagmw )0 juiie oy b oaisS oS



Journal of Transactions on Electrical Technology — Vol.2 —-No.6 - Summer 2011

el 705 SGSS 5l allie cnl jo S a1 ms8 Al
<l 50 o8liz ol DSTATCOM S s il 4o
00iiiS e lits aiz slys DSTATCOM J s (V) JSb llas
5l o)l &8 el (9,0 9 (S

e (sl oS J 508 90 Jald o5 (S slooasiSpalans -
2 (DCVR) 55 DC 5Lty aaliss 5 (ACVR) AC 5,
79 AC 5Ly oauS o s )3 oad eslitl 08 lasss s
et a3l go Iy, rer lyz o1 29,5 5 el Vae sVacirer)
5 Ve 5 Ve ren) ¢35 DC 315 008 olass (slacsdg)9 wod 5
el by e bz OF 7955

s (sl ouiST S g Jald &5 (b > (9)0 ouisS el -
solil 1155 glasag g el (IAR) Iy 5 (IGR) I, (slapsl >
9 Sl Qarer 5 1) @95 dq Loy pelas (8 ail> )3 oud
il slassss s (o & 3l oe Vg 55 T (295
el Va56g o (295 5 Qarer s L) da 0Ly el J s
PWM Pulse Ssl S an Vs Vi slaslly coly ,o
9= GLAIGBT 5T sLslg; 45 &g e o,l5 Generator
2 5l )0 A e s el o Shae b caliiio |, PWM
slooaiiS JyuS 5l 398 (J5uS plm sloosisS ool 5 5o
s UK PL J S o (c08 5 <ol o oaliil PI lus

il os coad 603l el b gz po pally anylie 51 (AU

WA bl = i ojladd —pgd Jluo = G 6910 0 gy delibad

9 s omliST) (59,0 (Sdgeyle slagly o 5l plai b, o b

bgi ) Jod Lalyy (g5 o0 g3 5gilegianl 5 Coaglie

VY
— i . S (\)
iX
\YAY
P= IX S Sino. 0
V.V V2
Q= lX S COSOL—YS ™)

oSy X9 2395 i 55 Vs 055001 505 Vi 1 j0 oS
Olyes el Vs 5 Vi 56 BB 05 g jgilesandl s (o123
S 5 DSTATCOM oy oas dsbio 55T, 5 5351 glaglss
Sy 55 95008 3Ll il e Q 5 P o 4 sy
Oles adg b i S 4y DSTATCOM | 5Ly S8 4 5Lds

Qs o plxil 6051,

DSTATCOM J S sl ¥
L5l ae Sosnl S sleansS Gl Jlbe jo (250 cnl o
LS5 Uy aonbas das 55 0) Sy IGBT (sl s 5l oo o
GlaseS an sl 0] slealds gl oS o Slae ral 8 ol

r-——"""~>"""™>""™>""™"™"™"™"""&" "~ “—"T"~/—"~—"7/"™7/"7/"7/""7/™"7 1
Vacref
ACVE
+
¥epsmatcom AC Voltage Vac AC Voltage
Ivleasurment = Begulator
I
—== IB DsTATE OM| - — I
Bt Curent d
LL o Ileaswrnent Iq

DC Voltage Vi — DC Voltage
\— +

S e

[ — Regulator
- DCVR 1,

5 Vleref -
Va + ldref

FPulses ‘ Pulses Curent 1
‘ Generatore iy Regulator el

+
L g . -
L 7777777777777777777:{ 77777 _1

DSTATCOM & J56S s ol Sho oY) S
Fig. (2): The system diagram of a DSTATCOM controller
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Fig. (3): The diagram of a neuro-fuzzy controller used in a DSTATCOM control system
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Table (1): Characteristics of four neuro-fuzzy controllers used in theDSTATCOM neural control system
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Name of Neuro-Fuzzy Controller ACVR DCVR IdR IqR
Number and Type of Inputs MFs | [17 19]—Triangel | [10 10] - Triangel | [7 7] - Triangel | [10 10]-Triangel
Number of Fuzzy Rules 323 100 49 100
Number and Type of Output MFs 323 - linear 100 - constant 49 - linear 100 - linear
Number of Nonlinear Parameters 108 60 42 60
Number of Linear Parameters 323 100 49 100
Number of Nodes 723 245 131 245
Number of Training Data Pairs 3126 3126 3126 3126
Number of Checking Data Pairs 3126 3126 3126 3126
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Table (3): The amount of DC capacitor voltage oscillations due
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Table (6): The capacitor dc voltage oscillations due to the load
variations for both PI and neuro-fuzzy controllers
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Type of Neuro-Fuzzy
Controller PI Controller Controller
Magnitude

of Variations [2193 2459] [2366 2450]
Percentage
of Variations [-8.62%+2.45%] | [-1.42% +2.08%]
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Fig. (24): The voltage and current variations of B; bus of
DSTATCOM with both PI and neuro-fuzzy controllers for
different loads

Table (7): The amount of flicker voltage in B3 bus due to the
load variations for both PI and neuro-fuzzy controllers
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of Variations [0.988 1.012] | [0.997 1.003]
Percentage
of Variations [-1.2% +1.2%] | [-0.3% +0.3%]
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Appendix: The specifications of the feeders
Name of Parameter L, L,
Nominal Frequency 60 Hz 60 Hz
Nominal Power 100 MVA 100 MVA
Positive Sequence 0.1153 Q/km | 0.1153 Q/km
Resistance
Zero Sequence Resistance 0.3963 Q/km | 0.3963 Q/km
Positive Sequence 1.048 mH/km | 1.048 mH/km
Inductance
Zero Sequence Inductance 273 mH/km | 2.73 mH/km
Positive Sequence 133 0Fkm |
Capacitance
Zero Sequence Capacitance | 5.338 nF/km | — —-
Line Section Length 21 km 2 km

b il y Slasien -
The specifications of the transformers

Name of Parameter T, T,
Configuration Zy,1 Dy, 11
Nominal Frequency 60 Hz 60 Hz
Nominal Power 3MVA 6 MVA
Primary Winding
Voltage(V Irms) kv 25ky
Primary Winding Resistance 0.03 pu 0.05 pu
Primary Winding Inductance 0.03 pu 0.05 pu
Secondary Windin
Voltage}(,VZrms) ¢ 1250v 600 v
Secondary Winding Resistance 0.03 pu 0.05 pu
Secondary Winding Inductance 0.03 pu 0 pu
Magnetization Resistance 200 pu 500 pu
Magnetization Reactance 200 pu 500 pu
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Fundamental (B0Hz) = 1742 , THD= 16.19%
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Fig. (28): The harmonic spectrum of V,,, for the compensator
with neuro-fuzzy controller

Fundamental (B0Hz) =0.05082 , THD= 79.62%
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Fig. (29): The harmonic spectrum of I, pgs, for the compensator
with PI controller

Fundamental (50Hz) = 0.05444 , THD= 37.88%
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Fig. (30): The harmonic spectrum of I, pgsa Of the compensator
with neuro-fuzzy controller
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Table (8): The voltage and current T.H.D values of phase a
DSTATCOM for both PI and neuro-fuzzy controllers

sy DSTATCOM b B b g5kl THD Slade ((A) Jgoo
sras—si s Ploas Jus s 5o 0

Type of Neuro-Fuzzy
Controller PI Controller Controller
Tpot 31.19% 16.19%
T.HD of 79.62% 37.88%
Ia-BdsIaI
S5 Az -V

5 PLoasS J,S g5 95 L DSTATCOM S, Ul allie ol 4o
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S0P b odz salewg @ 0l g 3y (b 2 lasise o
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WA bl = i ojladd —pgd Jluo = G 6910 0 gy delibad

B; b & Jaso byl wlasiw - By b 4 o b )b wlasie -
The specificants of the loads connected to B3 bus The specificants of the loads connected to B, bus
Sensitive Variable Name of Parameter Load Capacitor Bank
Name of Parameter Load Load Configuration Yn Yn
Configuration Y Y Nominal Frequency 60 Hz 60 Hz
Nominal Frequency 60 Hz 60 Hz Nominal Active Power(P) 3IMW | -
. . Voltage (Vrms) 25 kv 25 kv
Nominal Active Power(P) 1 MW 1.62 MW Nominal Reactive Power(Q) | - 0.2 MVar
Voltage (Vrms) 600 v 600 v
Nominal Reactive
Power Q) | T 0.785 MVar
Nominal Current(Irms) |  --—---- 3000 A
Modulationof Irms | --—---- 2000 A
Modulation of Frequency |  -—— SHz
Modulation of Time
[TonToff] | [0.15s 0.6s]

1- Programmable Voltage Source
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