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Abstract: [ Objective ] To address the issues of high
switching capacity requirements and significant maintenance
costs in traditional bidirectional interlinking converters within
active distribution networks, this paper proposes a hybrid
converter consisting of a three-phase active converter ( TAC)
and a three-phase diode rectifier ( TDR). [ Methods ]
Firstly, the operating mechanism and control architecture of
the hybrid converter were designed: when a power deficit
occurred on the DC side, electrical energy flowed through the
TDR to the DC side, and the TAC operated as an active
filter. Conversely, when there was a power surplus on the DC
side, the hybrid converter could feed energy back to the AC
grid. Secondly, to address the issue of circulating currents
caused by the parallel structure, which led to additional
losses, the generation mechanism and influencing factors of
the circulating current were analyzed in depth. Accordingly,
a circulating current suppression strategy based on multi-
carrier pulse width modulation ( PWM ) was proposed.
Among the evaluated strategies, the active zero-state pulse
width modulation (AZSPWM) strategy demonstrated the best
performance. [Results] Test results showed that, compared
with the traditional sinusoidal PWM, the proposed AZSPWM

strategy effectively reduced the circulating current. Besides,
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the total harmonic distortion of the grid-side current was
significantly reduced under both rectifier-filter and energy-
regeneration modes, and the overall power loss of the system
was also cut down markedly. [Conclusion] The proposed
hybrid converter topology demonstrates strong feasibility, and
the circulating current suppression strategy effectively
addresses the inter-module circulation issue, confirming the
correctness and effectiveness of the proposed AZSPWM
strategy.

Key words: active distribution network; hybrid converter;
multi-carrier pulse width modulation; circulating current

suppression
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Fig.1 Topology of hybrid converter
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Fig.2 Operation modes of hybrid converter
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+300° < O<+360° (N5 ) c, c, C,

NSPWM TEFH X N, ~ N, B4 28 i AAE It

RN 13 Biizs  ZEREAS PWM 0T O R o

AR A Y, NSPWM Iy RAE (2 IR 5% S R 13 NSPWM SABR R

?%%1 FHEIN A BRI S A b 4G Fig. 13 Vector composition of NSPWM in each sector
2 : , HANEZ S 5N,

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



EOCHE A5 FE T URC PR 0 AR 5 A s 2 ) B LB 40 7

Wang Wenpai, et al: Control of Hybrid Converter and Its Circulating Current Suppression in Active Distribution

836

Networks

WYHIRIT FAR S AU — AP 2 kA A
RN T IR T CARFE

3 HWERSHH

RIS UEAS ST B TR A AR A i A TR DL
BT Z 3 PWM PR 340 ) 5w 1% A R0k & X
S FRIRGAM S Jr AT TR, IREAR AT
HLER H 110 V/50 Hz 28 3 HE AR L 8 3 17 28000
1.5 kW, HEESEINE 4 Fin, IREZE A A
ARSI A IR BOE WA 14 R,

x4 RESH
Tab.4 Experimental parameters
E i ZHE
FFHIA f,/kHz 20
TR L/ mH 2
TAC ERMHEHE vV, /V 360
TAC %t U L, /mH 1
TDR it AHLE L/mH 1
HIMHBE C,/uF 1 000

E 14 BETRB[ENERETE
Fig. 14 Input current waveforms of
hybrid converter

TEIAHAA 20 kHz B TR A 78 i e P8 i BOE
W 1S frow RS R SR 5 fiok, mR S A
R, =R D7 S0 B 06 {H: SPWM g 8.0 A
AZSPWM & 2.3 A NSPWM Jy 3.2 A, fH# T
SPWM, AZSPWM f Jii I {H [ f% 70% . A 9%
AZSPWM il NSPWM HR7E A R AL T
A RREAR T R, (0 AZSPWM 1) 30 441 555 S f hy
23,

RE AR HFE U (24) A

Piome =305, + ), Vi = fo +

2LV, + 21V, + 31V,

inv " sw

(24)

E 15 RETRF[ITIREE
Fig. 15 Circulating current waveforms of
hybrid converter
x5 IMMMHEIBRER
Tab.5 Comparison of circulating current

suppression performance

03] SR s
PRI/ A

SPWM AZSPWM NSPWM

8.0 2.3 3.2

K1, ARG AR T AR A R0 i R R 4 X
(lig, 1) BPFIE 1, R A T XA (1 1) 1Y
A 5 1y IR TRAEXSE (i 1) BYFEEME 52, AN
1 0 R T A 0 S 3 I R R0 SE BT IR 5 v,
U BE AE Dyy Dy, WIE ] SRRV, R
TF O 1 T R R

TRA AR iR Y D RAAE LS . T OGS 1Y Sl i
FE(31,,V.,,) JFREMAE[3 - 0.5(1, +1,4) 1, Vi
S 1 ARSI AR I FE BFE (21, V) ) DL BT TR
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i WA D, FN Dy, AT BLAHREE (21, V) o
RGBS BIC DIRBAEXS L an &l 16 fr
o HTFAES BIC 3t A IR AR Ab B, 1T TR
BAETAR ARG PR E IR IR A, A TR
T4 H A BT AL BRI LU, T AR AR Y
S UREIE /N T A IR AR SE BRI
PAFE T B0 S RIS [RIE A OR F 2 3500 PWM
J7 % FEAE AZSPWM J7 %8, A 0milil 7 3 i, A
MR T REVIEBFE

16 BAIEHES BIC ERFEX L
Fig. 16 Comparison of power loss of hybrid converter
and BIC

AR BE A, TAC TAE T4 IR
B R ASAIMEZ TS Uz FEL T, 1 B AN ) AR S 4000 ) 55 s
R R R R R R N 17 Bk, #E SPWM U7
2R i, i THD 2} 6.3% ,7£ AZSPWM 5 NSPWM
T i, 1 THD FEZ 4.5% . 4 E MR 4
iF IR AR A TAE T HARSR ik 2
] SECEEAN [P 00 1 SR T X0, s F, e T 2
Bl 18 frzn, K L R v, 5 AR P A 467 A
&), PO e 3 G, A7 AH2E 180°, 7E SPWM %
T,i, B THD 2} 5.0% , £ AZPWM 5 NSPWM J7
%F,i, M THD %% 3.5% ., 5 SPWM &AM,
AZSPWM F1 NSPWM 7 Z I8 JURAGR A A8 3
i ARG A R e i PR AR X A4 I HL U
THD {f,

4 #HiE

ARSI — Pl F T A DREC L T AR 5 28 U
fir o FLTCURAR o Al Ao B i i , A IR0 20 U e A
A VR I A AN B, I AR ER MR B R
RSB BE 2 . BT AR 40 P B3R TR) L, A5
RINZ B PWM J7 AT ], o AZSPWM

B 17 XM ERRER (ERIREER)
Fig. 17 AC voltage and current waveforms

( rectifier-filter mode)
RS R MR, 07 58 ERY], 51550 SPWM
FALE, 32 77 58 (0 BF U e {6 K AE 709 , 0 00 A 3
THD W45 84 R0, T/ 138 47 35 FE 5 1
P ZIRG R A TEIE M R E R R BA
BEH, RS0 R T 2P & L
RIJZAa Dy R AL F R A

FlzmhRAER
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18 ZRMMBEBRRKEE (EEFEEN)
Fig. 18 AC voltage and current waveforms

( energy-regeneration mode)
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