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Using Modular Multilevel Converter as
rectifier in smart transformer when
connected to medium voltage network

Abstract
Smart transformers, are considered as keyroles in the futuristic
smart grids that contain renewables, which are essential part, of
distributed generating sources. Rectifiers on medium voltage side
in these transformers must have the ability of control active and
reactive powers and must compensate reactive power in the
network when needed.
Modular multilevel converter has many features such as small size
filters and low voltage rating semiconductors and a modular
structure as it use a medium voltage DC-Link that gives MMC the
advantage of connecting to the renewables.
In this research, we will study the ability of using the Modular
Multilevel converter as rectifier for the smart transformer as we
will select its components using a suitable controlling technique to
control the output DC voltage to be connected with the high
frequency hight to low transformer

Key words: Modular Multi-level Converter, Multi-Carrier Pulse
Width Modulation, smart transformer
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Qg = —1.5Vagigg (4)

G Aghad ADle gy s Py o AN (46<8 ALl dal) il Vg dal ge elliyg
Al Sa anlgll gl dellaind ale o Jpeanll L g5 Qg ALl
S o Jpanlly g el sl oo Ll Ayl dpage 35l 1%=0
Abhal JS 8 A aea Ay () g liss Al pslaall e Ll (S50 2l
Bagh o) o il smally Vg A aga o A6 il e Jseanll @l 0
dyanll Dl disad dlee 4 (grsaall Hsall aeli Oy dlaad JS 8 400 2
K shall A0 LS (e el plaal e Sl (Ae5 eall iS5 e
(Phase- skl st ddla aladinly 45080 aal (aldll el e Jsasll
3 1] skl yass dalal Soviall Ladadall 12 J<EN o locked loop PLL)
Ba plaiinly el GRSyl ) el kD0 A s Jisad
Sl aadnud Ay S ge ¢ O Aaal JS 8 A s Ay Al Al
A il Aspall g caead) iyl meiil @y (Low-pass filter) g5 o
@5t O el sadl) o aeall 4S50 Al Jand LlSS anli pSaiia aladiial
Jsaall o) zyal dpall 4330 lgiiayy of degl) dlz) 4 .vOQ=0 il
g il J$ 8 4l aga Ayl Al 4y o)) g Al paldll (adl) e
A Lelisad oy 0 - G Asjall 228 8 0 dad -l JalSS (§saua aladiuly

2150 o Jadl

102



G0 Al usa el Jeall Gaa il a0 2023 e 5 anad) 45 alaall Gad) daala Alxa

wf

sl aons Al gaall Tahadl) 12 J<al

g !
X Moa» s

2r

Sy Al agal Al slaall SASHe e dsasdl @bl iy Glall
V) e sl sl S Ll Al yslad)

X

sm(wt) sin wt—— sin wt+

cos(wt) cos wt — ?) cos (wt + ?)

M \/’Ism(wt) sin (wt — %) sin (wt + 27 |

cos(wt) cos u)t — ?) cos (u)t + )

Vb| (5)

i
X [ip| (6)

i,

< (Voltage-Oriented Control) sgall Gib (e 4ssall oSaill 46,k calls
Syer @l SSatl) laal allyy Hlally oSaill cpidals gils (e 13 JSE Gy
i Y il Cphall agay aSaill Baals Ayl Adlag Al gladll e Ll
5 dgg O oielill ()l Al lal gl ABAN clS)all Jysas
Al Ll Alledll A8 5all gy el i) ASpal) Jidi . OgASaAl aga Ayl aladiuligg
sl (D A Ll )l ASall gy Asall) ASpel) Jii Ly ¢ pshll D
AUy Alledl) e Uainl) (e JSh el isSoall piled Jid) Saill miy
[18]dhaiie &y 400)0)

103



o giall agad) CilSpdi g dday ) die (SH) J gaall oy giil) Ala e g MMC il ganall daxia Jagall aladiin)

’r'*
]'ﬂ‘ﬂ

—>v

r.abe

Yyy

seal) Gyl e 4agall Saill Al JSgnall Lladal) 13 <)

Basgll CiiCe daw JLid) —4-3
ghd e Bl @bl By Jawll ejl) sangl) (BSe daw Glua (Ko
ARl Baa gl (S R il Sy UL [1] A 2055 GBleially Jasal)

S
C =
(MMO) ™ 3N, oq VoAV

c _ 1000000
(MMC) ™ 3 % w * 4 * 4375 % 100

= 5,5mF

104



G0 Al usa el Jeall Gaa il a0 2023 e 5 anad) 45 alaall Gad) daala Alxa

MMC g5l (0 clygincall daaia Jasall Jas dald—4
e Gliginall 2mie Jasdl Jee dadeil Matlab/Simulink 4y alaasiuly Ll

Anse oS85 Tai s Gl 10KV Lasia 3¢ A5 e alonyy Licdy MMC g5
PS- oshll Ll 55 Amall sl el &gl alasinlyy 3ga)l Gosh e

MMC Control
. )
—{Puses labe_prim -
M)
A4

| G i -
A — S ] e S O S S Yo
| s |
gawh

DLl dage o LS 15 JSAI o LS il (5l s o 308 dea o Lyiic
sl Auhyal Wil alell ae 16 S oy WS o sana 4 05 dpns danse Lia 4

(sl el dea o pdiusall agall Cipla b Jasdl i3 Jeay L Jaal

105



o giall agad) CilSpdi g dday ) die (SH) J gaall oy giil) Ala e g MMC il ganall daxia Jagall aladiin)

«10? grid voltage
T
< f ]
b3
& ol
2
[=]
>
A | | | | \ | | |
0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
Time (s)
=T analysis
102 Fundamental (50Hz) = 1.407e+04 , THD= 0.00%
T T T T T T T T T
1
=)
go8
£
@
e
€08
w
k]
* 04
=S
T
=02
0
0 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)
A0 agal 4uysd Jidas 15 I
AC current
T T T / T
2000 - \ %
0
-2000 % \ -
| 1 1 IRy | | 1
0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
Time (s)
=FT analysis
Fund. ital (50Hz) = 3973 , THD= 0.27%
T T T T T T T
015 b
T
z
@«
£
g 01 a
c
=]
w
ko]
z 0.05 -
o
o
=

0 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

Jasall Cglinall Calall Ll 4y Jilas 16 J<al)

106



G0 Al usa el Jeall Gaa il a0 2023 e 5 anad) 45 alaall Gad) daala Alxa

Gaghy paiuall Ciplall 8 agall € A0 e Jadll gliiall Caplall Juay e
Ciad die iy dgal) o LS 17 JSAI G LS agane 4nd iy Lalsi gl 16.6

currents [A]

106 0.3 e dil Da

x10* DC voltage OQutput
T T T

voltage (V)
>
T
1

14 L 1 L 1 L 1 L L L
0.2 0.4 0.6 0.8 1 1.2 1.4 16 1.8 2
Time (s)
103 DC = 1.66e+04 , THD=0.01%
T T T T T
[5)
o
T
®
E:
=

0 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

Jamall zya vie paiusall Ciylall aga 17 JSa
20 Lals Jasall el Caphall mie Jgeasall deall Sl 18 JSil oy
26 0.3 e J8l DA agdee 4nd Q0 nal 69 dedll ye iy Ll

DC_side_currents MAPSN
T T

% T [ T T T T T
70 . |
W
60 - -
50 L | 1 I | I |
0 0.2 0.4 06 08 1 12 1.4 16 —ocucunni ]

Time (seconds)
AC_side_currents MAPSN
T

@
-3
S

— 7

<
8 o ““!"Wlbb!lhm 11101108 (AL PV 11101 111 AL O T 1011011 YA A1 10 DAY G N AN (O8O
E i'“"‘m"ml! ERURLVAE R VA0 FEHHEEO AUV AOY T PRE PR FELELL R0 DRETL VD00 EEEA0YG0L TR0 TPV P VTN 000001000601 FEELEO bt 1R AT TV RLIR VTR LT EDE 1 T )
E
=
© -500
L | | I 1 1

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Offvet=0 Time (seconds)

il Caplall die Jaaldl W 18 il

107



o giall agad) CilSpdi g dday ) die (SH) J gaall oy giil) Ala e g MMC il ganall daxia Jagall aladiin)

Aadlll e J8 dad die dgal) dad Cufli (e deadied) oSall el LiSa

Al iy LlaI< 15.5 Aol vie oSanll dalal Coan Al pansy Liad 2y dyan)
gl dase B @l ol Ladl () dadll sda die agal) dad iy Jadll
Gpiind Aall 03gd Jpagll o LS Allall oda 8% 1.14 3 Jad) 253 dic ydiasdl)
Gy Dl S enlS daall s dase of ¥) 19 S8 Gy LS Joh Ly

20 J<a) o WS %0.65

<10% DC Output Voltage
T T T

! 1 ! ! 1 ! ! 1 !
0.2 0.4 0.6 0.8 1.2 1.4 1.6 18 2

i
Time (s)

DC = 1.55e+04, THD=1.14%
T T T

Mag (% of DC)

0.01

0
100 200 ann 4nn &00 aNn 700 ann ann

0 1000
- - . - . - - . -
dgall oo Adadh puag e Jawll Z A die i) Coplall aga 19 IS4
DC current
80 T T T T T
=" \A\/‘ -
g eo| E
E
3 so0f B
0 | | | | | | . . .
0.2 0.4 06 0.8 1 1.2 1.4 1.6 1.8 2
Time (s)
=FT analy:
DC = 64.53, THD= 0.65%
T T T T T
o}
a
s
b
g
=

0 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

dgall Caan 3adi gy die Jaall i 20 Ja)

108



G0 Al usa el Jeall Gaa il a0 2023 e 5 anad) 45 alaall Gad) daala Alxa

LS Uptie < A0 OSSN 35gn e culaila oSanl) 48 o JSAL sl e

21 JE

phase a capacitor voltages MAPSN
T

Offsa=0 Time (seconds)

u -4
Gkt e eall Aasal asieS MMC lsinnall aaxie Jasall o say L
radl Cua KA Csaall Ay Gan T DL 3ead) Gk e anal) oSall diple
4 Saleg jfiae e 3 o Jpanll (S0
2l e Jgle 2a paiise L dage o Jsandl (Kay LI
Clangll CESL 3peal Jsa s Sl Alad) e I

Sl il iaidia ads LIV

109



o giall agad) CilSpdi g dday ) die (SH) J gaall oy giil) Ala e g MMC il ganall daxia Jagall aladiin)

10.

g2bd

LEVY FERREIRA COSTA “Modular Power Converters for
Smart Transformer Architectures Doctoral Thesis, Technische
Fakult Christian-Albrechts-Universit zu Kiel, 2019

M. Ebrahim Adabi and Juan A. Martinez-Velasco, “Solid state
transformer technologies and applications: A bibliographical
survey” AIMS Energy, 6(2): 291-338. 2018.

Xu She, Xunwei Yu, FeiWang and Alex Q. Huang, “Design and
Demonstration of a  3.6-kV-120-V/10-kVA  Solid-State
Transformer  for  Smart  Grid  Application”  IEEE
TRANSACTIONS ON POWER ELECTRONICS, VOL. 29, NO.
8, AUGUST 2014

Angel James, “SMART GRID-SMART TRANSFORMERS”
DEPARTMENT OF EEE, SAINTGITS

A. Shiri, “A solid state transformer for interconnection between
the medium and the low voltage grid design,” Master Thesis, Delft
University of Technology, Netherlands, October 2013.

JUN WANG, ALEX Q. HUANG,WOONGJE SUNG, YU LIU,
and B. JAYANT BALIGA “Development of 15-kV SiC IGBTs
and Their Impact on Utility Applications, 2009

Vijayakrishna Satyamsetti, Andreas Michealides, Antonis
Hadjiantonis  “Forecasting on Solid State Transformer
Applications” the International Conference on Intelligent
Sustainable Systems 2017

Drazen Duji¢, Frederick Kieferndorf, and Francisco Canales
“Power Electronic Transformer Technology for Traction
Applications — An Overview” ELECTRONICS, VOL. 16, NO. 1,
JUNE 2012

Yuging Cui, Yu Chen, Yingzhuo Chen and Yong Kang Canales
“DC-DC Modular Multilevel Converter with High Frequency
Transformer for Transportation Applications”2014

Salvador Alepuza, Francisco Gonzélez-Molinab, Jacinto Martin-
Arnedoc,Juan A. Martinez-Velascod, “Development and testing of

110



G0 Al usa el Jeall Gaa il a0 2023 e 5 anad) 45 alaall Gad) daala Alxa

11.

12.

13.

14.

15.

16.

17.

18.

19.

a bidirectional distribution electronicpower transformer model ”
Electric Power Systems Research 107 (2014) 230— 239

Juan A. Martinez-Velascoa,*, Salvador Alepuzb, Francisco
Gonzélez-Molinac,Jacinto Martin-Arnedo , “Dynamic average
modeling of a bidirectional solid state transformerfor feasibility
studies and real-time implementationJuan ” Electric Power
Systems Research 117 (2014) 143-153 .

Francisco Gonzélez, and Jacinto Martin-Arnedo, Salvador Alepuz,
and Juan A. ” EMTP Model of a Bidirectional Multilevel Solid
State Transformer for Distribution System Studies” 2015
Mohammad Ebrahim Adabi Firouzjaee, “Advanced Modular
Power Converters for Smart Transformer Architectures Doctoral
Thesis, UNIVERSITAT POLITECNICA DE CATALUNYA
Barcelona, January 2018

Wim Willems, Tine L. Vandoorn, Jeroen D. M. De Kooning and
Lieven Vandevelde Ni “Development of a Smart Transformer to
Control the Power Exchange of a Microgrid” s funded by the
Special Research Fund (BOF) of Ghent University (Belgium)
2014

Giovanni De Carne, Zhixiang Zou, Giampaolo Buticchi, Marco
Liserre and Costas Vournas “Overload Control in Smart
Transformer-Fed Grid” Appl. Sci. 2017, 7, 208

A. Nami, J. Liang, F. Dijkhuizen, G. D. Demetriades Vournas
“Modular Multilevel Converters for HVDC Applications: Review
on Converter Cells and Functionalities” IEEE Transactions on
Power Electronics 2013

Gl glusall Badate 4y gas sl Y all & HA B LS Cpaad g Al Ha" Jlsd) pes Hllae
e Gl dadla 8 prieale Ao ) "Apadl) ALY il 8 Lgaladinl die
2020 O x>

Sixing Du, Apparao Dekka, Bin Wu, Navid Zargari, “Modular
Multilevel Converters: Analysis, Control, And Applications”
IEEE Press Wiley 2018.

M. Perez, S. Bernet, J. Rodriguez, S. Kouro, and R. Lizana,
“Circuit topologies, modeling, control schemes, and applications

111



o giall agad) CilSpdi g dday ) die (SH) J gaall oy giil) Ala e g MMC il ganall daxia Jagall aladiin)

20.

21.

22.

of modular multilevel converters,” IEEE Trans. Power Electron.,
vol. 30, no. 1, pp. 4-17, Jan 2015.

S. Debnath, J. Qin, B. Bahrani, M. Saeedifard, and P. Barbosa,
“Operation, control, and applications of the modular multilevel
converter: A review,” IEEE Trans. Power Electron., vol. 30, no. 1,
pp. 37-53, Jan 2015.

A. Nami, J. Liang, F. Dijkhuizen, and G. Demetriades, “Modular
multilevel converters for hvdc applications: Review on converter
cells and functionalities,” IEEE Trans. Power Electron., vol. 30,
no. 1, pp. 18-36, Jan 2015.

Lesnicar, R. Marquardt, "An Innovative Modular Multilevel
Converter Topology Suitable for a Wide Power Range,” Power
Tech Conference Proceedings, 2003 IEEE Bologna, vol.3, no.6,
pp. 23-26, June 2003.

112



