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Abstract

Unbalanced loads in the distribution grid can cause unbalanced supply voltage and reduce the power
quality of the system. Besides, reactive power loads might create the voltage disturbances such as
voltage sag/swell. In this paper, a four-wire distribution static synchronous compensator (DSTATCOM)
integrated with Yy-transformer to compensate both the unbalanced voltage and reactive power is
proposed. A DSTATCOM based on modular multilevel converter (MMC) connects to the group of taps
in the primary windings of Yy-transformer to constitute an interconnected structure. The compensating
currents flow through the taps. This structure is similar to an autotransformer. Compared to the
conventional MMC-DSTATCOM, with proposed structure, The DSTATCOM connection point voltage
decreases and one can trade-off between the capability of the power device's rated voltage and current.
Therefore, it can be decreased the primary investment costs, the voltage stresses and the size of
compensation system. Furthermore, a control algorithm based on measuring the point of common
coupling (PCC) instantaneous voltage and current is presented that it is able to compensate the zero and
negative sequence voltage due to unbalanced laod and grid. To compensate these components, voltage
and current loops are used to track accurately the reference voltages of MMC-DSTATCOM by means
of unbalanced algorithm. Simulation results verify the proposed method.
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Figure (1): Four-wire three-phase MMC-DSTATCOM block diagram connected to equivalent distribution grid with no Yy-transformer
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Figure (9): Single line diagram for distribution grid with MMC-DSTATCOM connected to bus 670

Voltage (p.u)

s 8
S S
—

8

Curmrent (p.u)
o

200 i I I I I I I I I I
0 002 0.04 006 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Time (s)
)L‘Ql‘)—’(u)

Mol (Hhawais (b p (o @585 (Sliwl (39,50 Jlul e (9 PV o oz ge S (1) S5
Figure (10): Output waveforms of bus 670 without MMC-DSTATCOM, a) Voltages, b) Load currents

(\#Y)



VFAVWY Y Gl /uad o,leds o035l Jlo /50 oo [0 dindignr sla by, 4 a8

g ; Pl Mi}}'i‘Hi'ﬁ"N“lllillih"'i‘fﬂ*gw'ﬂ!]li'Mf"ﬂ‘||i|||o|'~['r,'d“}'i"i“
§ ) ”‘le’LW’W""'“!“l“l”l”""“"!WNM‘i“""“h"l'w'}]“*‘.’}"M“%

Vil (avwair slados p s s Sbl (9,50 el e Glee slapl > ()

o
(=3
[

.uln‘;0nl.‘u}{i,-!glm||||||||| T ——
M

Voltage (p.u)
o

s
=3
&

01 02 03 04 05 06 07 08
Time (s)

e e Jlail el o JIg5 (slaslly (=)

0.04

Voltage (p.u)
o
o R

s &
=
R

2

0.1 0.2 03 04 0.5 06 07 08
Time (s)
0eS i Jlail abai Jho JIss 35 @)

Maile (rhwanis (Jum p (S &2595 (Sl 59,50 jlugl e lawgi Jolateli 59 oyl e g b6 :(1)) S
Figure (17): Results of unbalanced voltage compensation by using MMC-DSTATCOM, a) Compensation currents for MMC-DSTATCOM,
b) Negative sequence voltages of PCC, c¢) Zero sequence voltages of PCC

S o Cooms 4 yho g hie Jolaiol o g0 0 13 00 5 o ol el jebas PCC 5Ly Jolael a5 ol )l
aS Gl IS a p3Y 05 o il s Jolie Gl 5l am PVl B S5e slasldy a8 oS ax gl il oS walgs
il oo Cawoay (Y1) 5 (7)) laalal, 5l cud 5 & yao 5 ke Jlgs 5y Jolael ol o

v3)2+(v;)?

vUE, - Ya) +(va)” )
(Vg)? +(v§)?
VO 2+ VO 2

vur, = YWl + (Vo) )

(Va)® +(vq)?
Uas 5 (oo 29, b o5 e S5 oo & jao g e Sl JIss (L2 5 55 slaoass’ S (slo el 5l (o25w pelass
Pl sloosisS J S sla oyl (o 3lwags W sloas s V] g o 0 4z b o] 5 K00 ctide 5 ol onds aloxl
5 B Ve b oy 5 35 lagse S5 0,8 ood plomil dlie cpl o g ead ad S L yo ST Slalllae )b lsieas
5l o gd oo edalive el 0alb sols Hlis (VE) JSo ,o wenl ooy Jaie o] 4 MMC-DSTATCOM  aS > 5l o
el @l 20lS 55 L bz asels ¢ wloads Joleie SLS jlans slasldy o))y

i

STy oled ol e —F-V-Y

5 by il ol o s ins o505 s 0lgig MMC-DSTATCOM Lausss 5551, olsi ol il jslizesy
S oyl abasd fen g0 3B in /P D08 Co o b S5l wenl )by ) jlae sl Al ofF alasd o 5B e /P a8
P5se

(\FY)



G yaiSsl ol [ iy Jolaiol g 53ST) 3 ol

Vpee_a
——Vpec b
S1s Vpee b| |
e
o
o
g, i%ﬁ
°
hs
1]
E 0 5 - - . . - . .
u 1 1 1 1 1 ] 1
0.1 0.2 03 04 0.5 0.6 0.7 0.8

Time (8)

Oy om g B (S yiio JLas! aba 516w g0 sl (1Y) IS
Figure (12): RMS three phase voltages of PCC with and without compensation

10 . . . 1
VUF2
sk VUFO |
—T—
9 o A
frg
S |
> 4 \K
2 L__\‘gﬂﬁ
—-—.—-——-.____ﬁ-‘_‘_
0 | Y I
0.1 02 03 0.4 05 06 07 0.8

Time (s)

Oy 31 ax g 8 yio g ke JIgi 5l (Jolesols ol ps (1Y) JSCS
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Table (2): Comparative results of proposed system operation with and without Yy transformer
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Table (3): Comparison of operation the proposed method with some similar references
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