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Online Minimization of Intra-Arm Balancing Current for Multiport Modular Multilevel
Converter with Phase-Disposition PWM
Takumi Yasuda™®, Jun-ichi Itoh (Nagaoka University of Technology)

This paper proposes an online intra-arm balancing controller for the multiport modular multilevel converter with PD-PWM. The necessary

minimum additional circulating current is injected by the proposed controller to extend a dc link voltage balancing capability of the multiport

converter under the power unbalance between cells. The propsoed controller minimizes the circulating current online without the complex

numerical calculation, which is used in the conventional strategies. The simulation result verified that the multiport converter operates with

the theoretically minimum intra-arm balancing current with an error of 1.3% thanks to the proposed controller.

F—J—F: v AFR—rar =%, BHMHERE, L-ULs 7 - PWM, JERER

(Keywords, Multiport converter, Power balancing control, Phase-disposition PWM, Circulating current)

1. [FC®HIC

EV a2 TN T LULERER (MMC) OFEMIZHT)
A= b2F TV FR—har =% (LIF, v /VFHR—
F MMC) %, Ny T VU=RXTP A MV RAT A, PV TR
ML PCS ° EV Fefge/p E~H AR CThH A0, < L F K
— kN MMC %, 50t %BEFEER LTS b, 20
I, PAH N T A EAWTICEERFEA~ERCE D700,
T N—F E LT E H00, 12 T, v /LF AR — F MMC
E~ VT LV OEEEZNNT D20, ZHAT 115
UL TE B0, £z, w L FBAMELT LI LICk -
T, B VOBEEREC, RSh 2L E AnCTar N—
2 3B A kR T & 200,

< /LFAR— K~ MMC TiE, AMGEECr2b 63, 3N
—ZNEELVOEREBEELZESTHEICBES T2 LERD
B T —ARINCRRT v NT v ZANFAE LIS, (ERER
ZHNTT =AM TEIFBEZATY, B/LDOEJREELZ N
FUASELO0N, —FT, T—ANORJLBICART N
T UABRREE LA, BB ShZZNEhDOE/LD
R ZAFIIECTEbEE D2 LT, ELOEREE
ENRNTUASHED, ZOLE, BAOEREISLTT — A4
NOENLDEFREEDNT o ZAHIE RN R D, (ifHs
7 h PWM (PS-PWM) %3 L7z~ /L F AR — h MMC Tl
T —ANOATT 3T v A B L= B Ry & &' L
DOEFHWICEBE TS ZLICE->T, BLOEREEEZNT

VAEHEBO0, —FT, L~yLv 7k PWM (PD-PWM)T
X, V=T 477 XL Lo TEADEREER
ENRINE TR D KD T VA NS — B IR 5 200 pD-
PWM IV =T 4 77NV RhaRATHZLICk-
T, PS-PWM (TR LT, RERAMT /3T ATk LT
TADERELEEZNT L ATELHERH AW, L, &
VR ARERBEF LV OEREBEICL > THIRE NS
7o, V=T 4T T NI XEAPRFRTEDLT —LND
TIDAMT v /NT o RITIERR A & 2 QUD-03)

INFETIE, T—AEMICBINOMERER LN, 7—24
WNNRT  RAER) #BETHZET, T—L2HNOART N
T UADHRBEEWINTE D2 LAVREN TV SO0,
LL, ZNDHOMXTCEMNELRDBE/NT —HNNRT
ABEROBEERE A7 T4 CEEMIZIT> TV D, ZORE
B, FEDOFKMEICR T DHE/NT — LN T v A B & K
TEXDHHO0, AREHENFICERT HHEITIE, HEAK
HTHDHZENRTREIND,

AL TIE, AT A TT—2HWNT o AEF & e/
fEL>o, ENVOEKELEEZ /T A SEHHEEEZRE
T 5, BEFIH T, FELVOEKEEZ 74— Ry 7F
HZEICL - TCT—2EROBAREEHW L, 7—LHAN
7 v AR RMET D ARRSCTIE, IRERIE ORI Z
A= EFFL, VIalb—va XV BREEITY ., £D
FEGL, TREHIEITE R R/ MEICRT L CREZE 13%DIRIED T
— AN T U RAEREEEL, FEA~NTEOEN G

176



armagu armbu armcgu

— o
cell k
— o
iarm Pcell,k
——]
1 e PV
or
Vcell,kTJ pc | battery
Ver
(k1,2,..,N)

armad armbd armcd
Fig. 1. Multiport converter with cascaded chopper cells.
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Fig. 2. Block diagram of controllers for multiport converter.
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Table 1. States of chopper cell.

Arm current | Switching state Capacitor AC-side
voltage voltage
[1] Igm >0 Upper SW ON Charged Vv,
[2] Igm >0 Lower SWON | Unchanged 0
[3] Tam <0 Upper SW ON | Discharged V.
[4] Tym <0 Lower SW ON | Unchanged 0
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Fig. 3. flowchart of sorting algorithm.
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Fig. 4. Block diagram of proposed intra-arm balancing controller.
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Fig. 5. Gain from intra-arm balancing current to capacitor current of
cell.
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Table 2. Simulation conditions.

Parameter Symbol Value
Rated power of cell Py 2.2 kW
Grid line-line voltage \/§Vg 6.6 kV (RMS)
Grid frequency Je 50 Hz
Number of cells per arm N 40
Rated capacitor voltage v, 337V
Arm inductance L 52 mH (0.10p.u.)
Cell capacitance C 3.5 mF (90 mJ/VA)

Arm current [A]

Modulation waveform for cell with 1p.u. [-]
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Modulation waveform for cell with —1p.u. [-
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0.0 === == === ——
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(a) Arm current and modulation waveforms for cells loaded
with 1p.u. and —1p.u., respectively.
Capacitor voltage [V] (error: 3.5%)

T T T

I 10 [ms]
(b) Averaged DC link voltage in arm and DC link voltage of
cells loaded with 1p.u. and —1p.u., respectively.
Grid phase voltage [kV]

6.0

e
-6.0 T i T

30 Grid current [A] (THD: 0.97%)

P < <

-30 f {

10 [ms]
(c) Grid phase voltage and current.
Fig.7. Simulation results of steady state operation under
power unbalance.
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Command of Intra-arm balancing current [A]
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Fig.8. Simulation results of transient behavior under load
change.
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