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A Study of Circulating Current in MMC based HVDC System
under an Unbalanced Grid Condition

T PSR DN = IS =
(Won-Seok Do + Si-Hwan Kim * Tae-Jin Kim - Rae-Young Kim)

Abstract - This paper presents a study of circulating current of modular multi-level converter (MMC) based a high voltage
direct current (HVDC) system under unbalanced grid conditions. Due to the connection of a dependent DC source in each
phase, the MMC system inherently generates the power ripple of double-line-frequency components in the AC-side and as a
result, the additional sinusoidal current named circulating current flows through the each arm. Reliability improvement of
HVDC system under an unbalanced grid condition is one of the important criteria. Generally, the modeling of the circulating
current is based on the power relation between DC-side and AC-side. However, the method is not perfectly matched in the
MMC system due to the difference of the structural characteristic. In this paper, improved modeling method of circulating
current is proposed, which is based on the inner arm power. The proposed method is verified by several simulations to have

good agreement of the circulating current components.
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Table 2 Simulation results of circulating current component

A7) AR 8% gz
x4 cERR ceRF CERR
Ig 2 64 peak OApeuk 04 peak
=8Y
(RER D) 6.3A4peak 1.7 Apear 2Apeak
1
=8y
(K‘] B 7%” 01 2) 9-6Apeak 3~7Apeak ZAgeak
v
Vp, = de (e;r +e, +e;{ ) U,
_ Voo s + o _
=— L sin(wt+a*)— £, sin(wt+a”)
— B sin(wt+a”)— V., sin (2wt +57)
V,

=P —ktsin(wt+a' )=k sin(wt+a~ )

2 —Ksin(wt+a®) — 1" sin(2ut +37)
v
vy =t e e )~y (24)
= §C+E;§sin(wt+a*) + B sin(wt+a”)
+E) sin(wt+a’) =V, sin (2wt +57)
1%
=29 4 krsin(wt+ o) + & sin(wt +a*)
+Esin(wt+a") —1"sin(2uwt +87)
B0 1%
ki,[) _ m l’ _ L.x (25)
Vo2 Vpe!2

MoIRY o, o da] =&EFI Ao FE0] o= Ao
Hoh 7rgohd dehat st oF AR iy, iy, A

UERE 4 Atk O71M m'm e W7 HERSE oJulsiy
FAHAE HeshilZ)7] f16t0] Al @13 2

ZF g dge 4T g st o A

@4)°F 26)o] LIERH At 8l st oF Zetat
5fo] Al (28)1t Zo] LERd 4 Tt &
£ O|8sl] HERECE REulotH adlol
9)0llA1 (35)ek Zo] Fulg 4 ATt Al (292 B0 W
e = o FuieR Sdste ddE g8 o A,

GDI B2 WE Fuke T Hi9 Fu+R sdcks U7

& 0
o
g
1
%
HI
o
2Nz E e

HEol o d3, A (92 AY Fuke T Hlo Fuew 3R
She QAR ARl ¢ dE, Al B0k DC 9 M, A G5k
By 89 £

A WS sadRd oFt 2EE A R
Holl me @ Bolrk, oS 22t AuAE] AFES ojd
Al AORRE FYED AR U ARl sEss A9 F

=
g F oHl9] WYte 4 Hol Rty dx sEdRE U
AIRITH3].

1197

www.dbpia.co.kr



HM7|&s =g X 64 8% 20154 8¥

S
bpe =3 Ty Ty (26)
Il
= §° [1+m*sin(wt+¢*) +m sin(wt+¢7)]
R PR
e T3 9T Ty
I
= ;F [1—m"sin(wt+¢")—m sin(wt+¢)]
+
+__m
m 7./3 @27
piot‘zv :v}’zlr'i}’.m +’U.rN'i1\'.z (28)
Vo,
Diot.a = Dg de [k+m+cos(2wt+a++¢+)} (29)
-HH Fuke FHje] QAR @ [AE-
Vool
+ % [Km ™ cos (2wt +a +¢7)] (30)
-HAH Fake FHjo] QAR ¢ AE-
Vo,
+ Dﬁc % i m~cos(2wt+a~ +¢7)] (31)
[ Fuke FHje FARE o A7 -
VAL
+ “6” 9 [Km* cos (2wt +a’ + )] (32)
[ Fuke FHje FAE o AE-
Vird,
+ Dﬁ”“ K mtoosQut+a +¢7) (33)
+k"m cos(Qut +a +¢7)
-HAH Fake FHje] QAR ¢ [AE-
Vioclie o+ o+ 0, — 0_ -
+ 5 “[2—(k"mTcos(a” —¢7) +EPm cos (o’ —¢7) (34)
+E m cosla” —¢ ) +EmTcos(ad —oh)
+k mteos(a” —¢T)+kTm cos(a—¢ )
-DC & ¥~
VAL
+ Dg de [— 20 sin (2wt +67)] (35)
-CEER B Ao mE o A
42 /Y Ao71go] fE «qFHF 4
285 dY UM ASS 877 A g8g |As:
g Aojolr] fleiME daE dRAFE o=z Fojsitt. ol
R F4E A1 S48 S-F 9st A5 8 4] (29)0]
olaf AR PRI STt 71E oEEE rEd dHol
ANe 9P8 JHARE goz AMojgoza] A5 48 A (3D
of 9Jst &8 TeHF= MRl Z=tt vt R g4
F Aol EMtEZE, o] AR AFFete] A &Y
g8 A 320 o AR SEPRFRE SMAIZIH ojmol A
g J9 5o YERARICH 8t R 4R detyt A48 A
AFol ot Azl g8 4] (33)of 9o FHE A7 2y
ST
289 Y UM ASE ey Yse AMojsle 29
AR APFRE ASSo EXfsith o714 e Z4E A
1198

AN AER0 o BY AR Al 0% U QAR B}
OlAR Aol o5 WY AR A (30)0] os) dAR s
F7b Bsh, UR OE A ouE gERl s A
R A GDI UR QAR AT HAR ARl o8 8y
HE A (320] od HAR cBRRIL BAS 5 E &
SR EY WHolME EXcK 2E GAR sEERE 1
B 6ol Solg 4 Qo] R oluE delnh HAR ARR
o ost del HEo| LR AAR Fel GAE AER ot
Mol MR AR Eons mY AR A (30 oF QA

smf‘f'\r'
\Ahﬁﬁﬁxg

\.‘JE YRR VO
WUVVVVVVV VYUY

20ms/div

AN AAA |

[V

Positive sequence arm power [var]

#

T8 5 1Y Aol HE Al AYE SERFI |lo] He
BAR o AY (06<t<0.7)

Fig. b Positive sequence arm power about the cause of
positive sequence component of circulating current
applied power control methodl

Arm power by innarvoltass(positive) and cumrantinazativs)

ZFero sequence arm power [var]

Arm powsr of zero saquance
:\rm povwer by innervoltasa(nesative) and curramt{positive) Z0ms/ v

H

J8 6 [ FMoi7IH2 FE Al AR SEEFO A0I0] e
A & 1Y (06 <t<0.7)

Fig. 6 Zero sequence arm power about the cause of zero
sequence component of circulating current applied
power control method2

==t

32 Aoke £EAR pdy e AIgsIgs o 4 &

HEEC AQlo] T ¢ AHES AY Aoj7IHol wat
gigt Zlolth. ZEFoz Y AoZIH 13 28 AIEsh=
MC 7]dt HVDC AlAHOANE F&E, G 9 GAR )
Yoh= &3ARF Aot BF "Qsith

2}
4
)L

= o i
-

www.dbpia.co.kr



3 EY Aoy A0l M2 SEER B 00| g
SRORSE

Table 3 Arm power about the cause of circulating current
components according to power control methods

R ggn | omam | auw
=2 SR | eERR | =8F%
gy o_2(26) x x
E89
E=IRI01) o_4(26) O 2(29) Oo_ 230
EEE
E=IRI012) O 21(26,27) O 21(28,29) O 2130
B 4 ASH AR
Table 4 System specifications
Parameter Value Comments
Active power 10[kW] 1.0[p.u.]
Reactive power 0[var] 0lp.u.]
DC Bus Voltage 1000V
AC Grid Voltage 500Vpeak
Arm Inductance Larm = 2 mH 0.00754[p.u.]
Grid Inductance Lgrid = 10 mH 0.0377[p.u.]
SM capacitance CSM = 3.28 mF

5. Case study
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Fig. 8 Circulating current control block diagram
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Fault event.
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Fig. 9 Power control method 1 Fig. 10 Power control method 2
without circulating current
contro (0.4 <t <0.7)

without circulating current
control (0.4 <t <0.7)
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