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ABSTRACT: Current-source type actively commutated
converter (ACC) using self-turn-off power semiconductors is
characterized by decoupled control of active and reactive
power, avoidance of commutation failure, no requirement of a
large amount of energy storage capacitors and so forth. ACC
has good application prospects in high voltage direct current
(HVDC) transmission systems. This paper reviewed and
analyzed the power semiconductors with voltage sharing
technology, converter circuit topology, modulation method,
active and reactive power characteristics, control schemes, fault
and protection problems of ACC for HVDC applications. The
comparisons among ACC, the conventional line commutated
converter (LCC) and modular multilevel converter (MMC)
were also done for a specific HVDC inverter with the same
voltage rating, current rating, and power semiconductor
stresses. This paper also analyzed the potential application
scenarios, the existing problems, and future trends of ACC

technology.

KEY WORDS: self-turn-off power semiconductor; current-
source converter; actively commutated converter; high voltage

direct current

EEWH: EXEARIEEEIH(52077206).
Project Supported by National Natural Science Foundation of China
(52077206).

FEEE SR E G W T3 2 ARG B0 A i R Y S A i
2%(actively commutated converter, ACC)E A H 5T IhT)
AR AFEHAH R, TH KRR AR S, 1
1o F LY 0L A A 1) R T o S X E T
JE B34 . (high voltage direct current, HVDC)f] ACC Ijj%
N SRR S LI R T BB Fh A AT TR
P AW W ARG RS AT AR 34T o 456 RSt
%, ¥ ACC 53 HVDC [ 2 Fffeifi as, B R XA Heift
#%(line commutated converter, LCC)FIEHLIL 2 H P45
(modular multilevel converter, MMC)BEAT XL 38T [FRS,

X ACC [WFEAERIF . AEAE I 0] DA K R R 1) U Rl EAT Je 2
IEELR

KRR BRI AR BRI A EEhiAH
W SRR

0 3l

f55 K L9 %0 B (high voltage direct current,
HVDC) A H A i f 22 BR 4B /N . 2R 6 E B (5 4
AN TR D BN 2, R KA E
W, TR RRIR IR ORAY H Y LRSI RS
TTZ MR . HVDC FIfefias 2 LB g AC/DC
8. DC/AC ZE#eftz ., HATHS F L OFERET
im A B M He AH 4 R 4% (line commutated



1054 oE #E AL

T B % ik

41 %
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Fig. 1 Typical circuit topologies of

the two types of HVDC Converters
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S S ] A AR IRUR FE R GU T NI 1k R
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MMC H &2 GRS A DI DR
FEL I A LR T R /NS AR 55 o AR MIMIC R T R A
Yol 254 R 75 ok s B DD 3 S S 1 B & R 2 5L
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1 (1 Bk I 1) 28 1 ik R P 25 (%) ik I 1)) 23 0 SR A7 A
B sh, MARAS 8% MMC Th R i 2 H R 5
AR B+ 43 PR

sehr b, XFFIAR LCC M VSC/MMC Bk
RVTEAR 2 U AR M BB S, 3 B AT DA,
., BRI Blhn, 76 F X BRIV X
AR, FET RN LCC &R I Tk IE
WHAH, ANEERH: MMC BSRATUUH T4,
ERHT MMC ARK. EEE, Eif EEiEHk
WA R . PR, 7R B XA R R & i 7R
WERANE T A LCC M VSC/MMC [ % HVDC
G SR N

ANETF LCC Ml VSC/MMC, AXHIRIE 3
fh HVDC #eifids, BI3ET HRWi#efF(n 1GBT.
GTO.IGCT %) 1) HL LI 28 3= B 48 AH #2978 2% (actively
commutated converter, ACC). AN[EF LCC H i i
B T AN A It F IR B A HL R, ACC SR H %
W7 2% 2 S A 45 U # Th 2R 88 1 19 32 30 5% T RN Th
RUER AN, 8 G 1 A 2 XU I 228 X6t T i
ML AE S . ANFET MMC, ACC A EKER
TCER R E G Re A T oK. BRIk, ACC 1E
HVDC 4t B A R4 B 1 5
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HVDC), TABFHIALN T H MR b &
DR SR S A3 R 77 R s 3 0
TS MR 2 A S AR T77 . ACC 5 HiAth 282
(3 2 IR A HVDC &8, ACC HITBTE R
MG, F0 ACC BARRIRK L EEHTT &
SR, FEALTAERRN ACC K H At H Y
HVDC #3851 L RIT R 3t — e f % .

1 1&EAT ACC-HVDC HIhE 4 SRR &
HERZE

1.1 &ERAT ACC-HVDC HIIhEHESMHKFH T

EHT ACC MIh& 4 2R 7 A& 33T
AN HRWEE 71, £ HVDC 34 ACC W IR
SR TR E AR BRI B R BN ), B R
2% 7R 52 ] H T PRI RE 7, B SB300 BEL AR (BRR e [l BEL
Wi, reverse blocking)#sf+. F4t, £ HVDC 6
MBS, N7 ARZEA TRER ETTRIMEE
JE, ACC — i 7a R DL SRR BT
Fedt e (press pack) 1 T2 - AR SR AE R A0U5 18
RINFLERRE, T ORUE R BCIE R 1 2848 i 4>
SR RUE AR B B AR IR IR H 847, ACC
W R R R ) DR SRS KA IE )
HAL R R IR, AT ACC-HVDC 1)
TR 42 5 36 1) D) 2 AR B 3 B 2 S AR 2
A% (insulated gate bipolar transistor, IGBT)FI4E
% 1T B ¥ UL & W % (integrated  gate-commutated
thyristor, IGCT)2 Ff.

IGBT & —FiH E3Ehl B2 4r, BEAR3N%H
NN R PS5 2. P Y IGBT, Wil 2(a)
Fro, AR ZE S R A . (B2, H A LA
AR AR I I R (1 3.3kV BA ) AR HIRL (1A
PA )i FHRY IGBT i FH et e 28 AR b o i R
RS FH 0 R e g 2% IGBT 18 W ASBE A S I A HL
A BEARSZARIR R F s . % F ACC-HVDC 2k
Ui, AT REE AR I A HUE , n]R A AR FH AL IGBT
H IR AR 7 S, W 2(0)F .

IGCT & '] HH ¥t &t 19 % (gate-commutated
thyristor, GCT)FIEER [ IMIRBN FLEE I EFR, 456G
IGBT 5[ T#) 1] SK I8 i ] 5 (gate turn-off thyristor,
GTO)MM i, HARBEEKR. BAMRFEED, LH
P KT A2 2% (R 2 o el e S5 0 i U101 AR 2 75 B
AZ R, IGCT 1] 40 X #R A (symmetrical)
AHEXT FR Y (unsymmetrical) 2 Ff. Hep, XFFRA

] ~ Iii

(a) WiPHAYIGBT (b) IGBTHIEEME (c) WPHAIGCT (d) IGCTH Bt R4
2 i&EFF ACC-HVDC MINEL SR H
Fig.2 Power semiconductors suitable for ACC-HVDC

IGCT AR AW LAY IGCT, Wl 2(c)fin, af LK
ZE R A B R, & T ACC-HVDC #4171,
B H AT AR IGCT i Sl b B AR 7= 1 v i
it o AEXT AR AL IGCT — AN BEZR SZ AR s R 1] L
£ ACC-HVDC 374 N It 75 22 53 B A i A
H, w2 @i

X T ACC-HVDC A, FiRJUF & Brr
M, WRYESEBR TR RIEBE AT, Fln, IGCT &
i m R A, HSEERRIK, &6 RKREEY
G, {22, IGCT [MURs)HLES TR BFER K,
XoF 25 A 350 He FL B ) TR TR BB F B ) B HL T K2y
FEAERCI . T IGBT M H RS G280, HORBhH
PRI RFE— BN, HRH AR REE S
T IGCT. 54k, IGCT MIHRAZ (di/d) &2 e
J1—Mt IGBT KR Z, X% ACC-
HVDC #ejii 43 (1) LB S 80ikih, S 2 nTRe R 2R H
LT LCC-HVDC [/ R E T 3 x6F o A8 1 e it
1TBR . R IGBT I HIR AR L3R 2K 2 8 L,
B2 H AT B b 5 e K H I )30 B 2 R et e A A
f£ ACC-HVDC 374 Fl i 75 B2 e B B0 al WA —
W& . Nz IGBT Lk IGCT {538 & M — M 2 v,
£ ACC-HVDC 374 M FI R, IGBT & Bt M kK
52 R 1 77 AT SEHL R G A FEAR AL 7R B AN
BT @2 —. ik, £ ACC-HVDC K %,
AR R v LR K HL I ()30 L Y R B2 3 3% IGBT .
1.2 ERT ACC MINERFSAFBHHESE

T ACC-HVDC RS EEHHm, —MKiH
B Dy Ze e AR SRR AR R IS A o (RL7E SEBR Y
M, RERESSEERPOEEN IR SRS
MR A AT, XEERI AR 1D AR
BRI 2) 24 H R 1F 2 (R 3R 3 {5 5 B 18]
FEIRA—E; 3) HEHEBHISHEA—EG 4 i
ERIZ AR PRI BB — 3P0,
REOEL DR L RARB B ES A2 S
BB AY), BIKRRF M EME, E
LN & S8R BRE R 2 i B BRI, R4t
TAEIEH TAE. B, 7ED)E3E SRS R 5
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HAr, XTHAXBIEY: SIS TR
% B R IR R R A BT, R R R
R B BOEE DR SR B — R R k%
I R o ) R YR A e i 2% R I DR SR
PR R, ENAMTRE TRER, ¥R
1 32 B HE JC YR R 35 R S Bl 4 ) 4 e A el
IGCT ey hl B2, R agidid 5 gy 1,
EFFRBE S — R EEH di/dt 5 dvide. IGBT N
R 3 B A, AT DU I i3y &, e n]
DI Job 2 1] DR s o %R AR R ER S, SEERT
KM dide 5 dv/de BRI R, IGCT
— R IR R, M IGBT B TR LR
FE 58 P 46 45 S 3 ] AR P AT Y 15 ) A7 9
FL I 2 4101200 R 3t P A s 1) 12027 2 o s o 48 I
ik

ANFETFHEE SRS, ACC-HVDC HHi Bk
HERE I D Z 2 S A 28 1 75 B K 32 0 1) AR [r) Y
O, DRI b ) e L 5 () B =5 8 T ) 0 f ) FL P
Yifs. H4h, XN TF HVDC R4 ACC K,
FLPN B I T 2R P AR AR A H R F R A B
TRER: 1D DyE ARSI A AR X UK,
B, — AN 500Hz; 2) K BB E D)
R FRBEURZ R IAEE; 3) HEdFRpES
PR B B AR TR B BHARPE, TRLEAH TR
e SARHF B 5 A B R L

Ak, ACC-HVDC 5 LCC Al &5 7Y it 2%
() AR B ERFD AN e 38 22 5, e
e AR AR B BE) IR FR iR YE ACC-HVDC 7E#%
BT HAN S, @5 SN TR
REPECE G HAT, X — 8 A RRRA A

2 &EFF HVDC By ACC H FZFR#P

1% T HVDC [ ACC HL B4R 4N B 4% 4n R
M BEBEZRZEIHE . KHL: RERBAERUR AR
AR TSP I AR B E A T s BT 1 Th
RN GARBAEM R HN S N AR — B
HAl, BRI EEE X ACC MHBIEINE TR T
B2, HXTFiEH T HVDC ) ACC W7
YR o ASCHRIE R T HVDC ) ACC HLES R $h,
5l ACC iyt FEL PR DL R A st B R,
HAY A= P BRI . =P dl & s R R
B 2 B~ FU B PR 4D = K870 AT L 46

2.1 =HYF ACC HIKRH

—HF ACC HLEEIR I N =AM E i,
B3 fis, 6 M S1-S6 H— & B i E iy
BH 7Y Th 2 2 54 28 14 B JRA) B DA 7K 52 A8 T AN B3
MR U, ELUR O — M BRI A8 Loy
W —AoEE LC Mg gds 5 m &R 1
W TAERS, EMFE S1. S3. S5 FIRHFE S2. S4.
S6 H¥H HAUE — /MBI ) 2 SR 2 T
SR  AF AL FER, ACC IH:—AH
() EAR R S, B IR R Z AR B R,
P At B AR I — A IR LR, AR
WA Lo FE—HRTHE S8R, B R A
PR o — A AR R, A R AR R
[, AR Y e M RS R
S, B A D, AR R R
B NS RIS SC TR, B H I ER At AR
MR —AE 5 — AR R, JUZAH S H
TR 0. HEL R, Rl ACC HIAC UM LI AT LA
3 ANEE, A SR Z = HF ACC. BT
N P42 IR ) S, =S ACC AT LAFE 2SN
A S R AFTURE 7 24 T 42 10 = B P58 i g 22,
1M 52 = H°F ACC A DI L Th D2 4l .
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Fig. 3 Typical circuit topology of the three-level ACC
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RIS, —RARGERIRK, DN FHBLMIT
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KW Ty e SARBRAF AN TR A H IS ST,
MR = HF H7 ACC HLES#h$h, il 4 Fros . Hd,
MY S7 4 I SRAE W HI I R & A R IR,
AN S1-S6 Dy SRR il DLSCELE B im I
W, TEREEMIE S1-S6 The - SRS AR 1
[FI 4 ACC B AR thah, W S7 MAFETE
BT ACC it % 75 BN A= J 1 o e A 11
B 2 6 AOB H IR IS AT AR T, AERLE, ThRYT
RIS A TN, AR T .

I Lac s
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A i
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Piodbsiios3tossiol
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i RN -
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4 Z=HF H7ACC HEEHI
Fig. 4 Typical circuit topology of the H7 three-level ACC

22 ZHFHEN ACC BRI
=P ACC HIAZ iU s i vl A28 3 AP,
25 S W R T X 2, X 5 58 IR X 2% S R ) —

B LC A2t TR A ESK . N K RGE &=
B ACC-HVDC A% H i sk, E W
SREER O = ACC @i BB, RIS
s TS, W= A S0 ACC B
IR

SCHR[341%F B FFBE . A T - Bk i = H
FHA ACC HBRIHIMEEAT 7. L2 6=
V- ACC BEERZH ) T T ACC R, HEEFh
Kl 5 s, 2 6 = HF ACC B MNGE L B e i s
IRIG, ACUINE I AR R A% BB R 4 ZF LC JE
WA ERT MY . HHT ACC Y B A H
WA I 2 B=HF ACC #HIMA % HERE M E
PSRN 10/2, 2 6 = ACC #EAS I H
DX LI BT B AR AE Nt ye /2 F1 O 1) 5 N HL
o BEIMIFEELRZ B ACC BRI LB
HEINFERE = HF ACC MR ) Ei it SR 3G I <2 i
H P R =W ACC Bid=
NS, MIAS it IR B BT EOR 28+1, = HLP
ACC B (1) B T k> T s, ol BATE
AR SR ALAH S BT (HAE, BERMIFR =
HENX ACC HLERIR I F5 EEHGINAS M 4 1) SR Ak B
ZHFE ACC R[] 1 R IR R 24 1 DA = fL P
ACC R [ LE R 7]

Lier /Lwdcn _______________
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O
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A
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B
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Fig.5 Combined circuit topology based on three-level ACCs by parallel connecting DC side
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SCHR[35 738 L 2% 1) 2% 2 1A ) o U A R A
PESLIL = HF ACC HEH R BRI SCHR[36]
Xof A% A 2K B 1R ) SR R AT R A S = S ACC
EH I AT, (HAE, SCHR[35-36]42 Hi AR 5
WS RN E 4, NEASHAHHBE L M5
1M1 SCHR[3714T %) T HL-FBAH ACC B FER S5 1T 1] R
FEH 5 NBAME A L

SCHR[38-401K; 2 AN =HLF ACC [ Byl & Bk
B, AZVLNGE SR R A R, PR

It L

K6 Fim. HT 2 & =HF ACC MHEIRMZ HR
FLL 8 B B RS, TR ACCL A1 ACC2 HI LI FELIR
IR/ NFI T A R RE— 8, ANETEE S Fosdh i3
WML . B AR R = H P A ACC
KRR EVCGEBOE R 11, 13 Yasu i, s
HE AT It 0 1D RS A A T S ) R A 22 9 R T A
W 5. 7 17 19 WOk, (FEE R HERAE
23 YLAR BB F R, R R RN E D A8 kAT LAJE
Bk U

S S

3~ 3= 3~
(8%&?8?5?8)3

-III* -III* 4
S4 2886 24 S2 28
g 4 4

ACC2-HVDC _ ;

6 ERMBKA=BTHEEN ACC BEEHRID
Fig. 6 Combined circuit topology based on three-level ACCs by series connecting DC side

2.3 ERZE T ACC HEEHATH

MR F OB S 3, A F R YR ) MMC,
WA EE IR Z B ACC, Bl MMACC(EUFR
N IR R B L 2 P A, CSMMO) TR T
W7t . MMACC K5 T HUBRAE R RE TR D 2%
T, IS UM R R D R N B
BRSO, R BRI 7
Fos, 6 ML, BRI BRI D) F 1
RRLERORI R Pl Jo e DA i, 5 L PR D 28 B m) 43
NG R RN AR 45 4

SCHR[4176 MMACC (1) TAE R IR AT 1
UM, FEHRH —Fh R T T 2B ) R R T

R T FR R HE 7 1P 7, ORIE T BRI 4L
BRI /DN, TR IR AL R FH H AR A i
RETCfF, DhEREFHIHAAE R AR . a8
Fias, SCHR[42]88 H 7 D) Za e bom e — A Bl d
A S S IE L, N R AR A B, TR
FHES N T HLAE X T 2R e AR A A AR 2 I L AT
BT, 38 H B ot S p Th R AR, AT DL S
MMACC 7325 = 55 2 U, S A T s R
Gy B, IR PR Ph D 7 LR P4l D A AR R
1) LRGN B R U, (AR R IR R
. MMACC { Fi K& 1) D) 2 ffi 15 R G 1
EERK, CHR[43]%F MMACC 8046 AL AT 1
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Fig.7 Typical circuit topology of MMACC.
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Fig. 8 Improved circuit topology of MMACC

s 1 b I T 0 5 R0 R I P PR ) BOAR
AR T EAL B, AT R A .
2.4 HEpiRth

Br2s FIRR LR R4S, FHOCEZE BT ACC 1)
HABRRHINT R T W90 . SCHR[44-46]32 ) 2 A
BT ACC HESIRINITI R SR 1
TF AR, FEHIBON R, P T R AT sE
Loy B3, T DL AR R R =MD A E
LS R E5 40 o AR ZE P04 T 1) Th 3 2 S A a1
o3I HE BB 2 A S N o 7R LSRR L, SCHR[47]
P2 H — i H A o L LU 0 A L B A S i A
ERA BRI T ACC $h3h, FF4h H—FhilE BRI IR
TR P ik T8 2 1) 4k LR 0 HEL I AT A R i
BT MR SRS 0 U . FRIRE S 4715 B 2

ZESto KA T ERMAR LML = ACC
BAZ SN BRI, AFAE RIS ), (HAE
i E MR — B B TR . SCHR[48-501%] 5
R R A D T R YR R H B R T R B
M ACC HEBRInINIEATHITL, T
RSB LR HIRA 80 SO 2 EH
R ORI AN B, BT IX e B IR AT
SRR BN A X ERREA
RPPREOR S L, — BURAEEH] T HVDC 76

3 ACC Wil 5%

VSC {EIERBATIN, H BRI A Mol W v fE 2
{E. BRI, VSC iR 38 K F B ik 98 1T ) 1T
ACC IEH AT, HERM B fE s EEH. 5
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VSC 2B, ACC i it 3 2R FH ik 5 1 1) 77 =K,
AN BT A TR . DUE 3 BRIt =
P ACC M. HHEFEMHERESAR, ACC IEH
TAER, A7 4R E R R RS, H N E
FFORTREW R — AR %A, RYEERZ] ACC
16 MEEF, RA 2 MFELT SERE, B3
N ERER A3 TITE TR -AME LT =
IR ARC O, R R B R A E I RTIR R, ACC i
TR (PR ) 7 0 A R W R RV B RO R )
why IESZBKSE A 2 A R R A .

I 58 VST VH BV (selected harmonic elimination,
SHE)TEI# & ACC HFRAAFMIRIIE T, X HEXK
W D 2 AR ST (I S A AT A LT, ZEER
AR T SR A% T BRAR A e PR IR i a2 D10,
BR[S 11w T = H°F ACC 1) SHE JF o/ JE 5 2
W B, Fre BARSCET k. A |,
SCHR[S2D0 BH SRS A BLEAT I AL, $2H—FhidE
HI SHE IS T7V o STHR[53] 704 1 MEAUURH FE i
FISERR IR Z PR &R, SRHREEH T VSC 1
SHE & fMEREERT ACC Mt k(ES, HE
T B IRE DB ITIE . FHR LR MIFEE . A0
B = P& 30 ACC, SCHR[SS)X = HF
ACC R F AR [R5 5% AR B2 5 AN [R5 £ FE I 4
L A R AT T, SRR R T 5% A B I
AT CARRAR B OB e, (H 2 BT 5 T SR A A 2
I (] S N3G 00 . SCRR[ SO KA T ik o 18 il 75 vk
GINFFRAEYME T, IR AR 21 T F2 Sk fif ik
FE, fH RS AAE ARSI 1] 7.

B % W #l 7E (trapezoidal pulse width
modulation, TPWM)HF#ATE 13 5 = M #
ITHBAR B RAF T« N TR T RL R %A, 1E
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Current-source type actively commutated converter
(ACC) adopting self-turn-off power semiconductors is
characterized by decoupled control of active and reactive
of
requirement of large amount of energy storage capacitors

power, avoidance commutation failure, no
and so forth. ACC has good application prospects in high
voltage direct current (HVDC) transmission systems.
This paper reviewed and analyzed the power
with

converter circuit topology, modulation method, active

semiconductors voltage sharing technology,
and reactive power characteristics, control schemes, fault
and protection problems of ACC for HVDC applications.

The self-turn-off power devices suitable for ACC
require press-pack package with reverse blocking (RB)
ability. RB-IGCT or IGBT with series diode are the
possible devices for ACC-HVDC systems. Press-pack
IGBTs which have lower drive power and higher di/dt
ability than other devices need fast development for
ACC.

The series connected power devices in ACC must
cope with both the forward and reverse voltage sharing
problem, which is different from the voltage sharing
situation in voltage source converter (VSC).

In this paper, the ACC circuit topologies suitable
for HVDC is divided into three-level circuit topology,
combined three-level circuit topology, and modular
multilevel circuit topology according to the number of
output current levels and topological forms. This paper
also reviews and compares the modulation methods
applicable to ACC, such as SPWM, SHE, TPWM, and
summarizes the advantages and disadvantages of
different modulation methods.

ACC can achieve four-quadrant operation, but its
active and reactive power can be completely decoupled
in a specific operating region shown in Fig. 1, in which
the degree of decoupling is related to system parameters.
This paper takes the a £250 kV /1 GW true bipolar DC

S24

transmission system as an example, and compared and
analyzed different aspects of the three solutions of ACC,
LCC and MMC on the inverter side. The comparison
results are shown in Table 1.

This paper also analyses the potential application
scenarios, the existing problems and future trends of

ACC technology for HVDC systems.
A Q

v’

~Plimit +Pyimit

Fig.1 Active (P) and reactive power (Q) of ACC.
Table1 Comparison among ACC, LCC and MMC for a £250 kV
/1 GW HVDC system

Ly

ACC LCC MMC
uantity of
Q y' 1680 1536 3600
IGBT/thyristor
Quantity of diode 1680 0 3600
antity of ener
Quantity ' gy . 1200
storage capacitors
AC side filter LC filter Filter banks ~ Arm inductors
Reactive power
compensation Low High No
requirement
. No or small
DC side filter Large reactor  Large reactor
reactor
Decoupling of active  Decoupled in
Not decoupled ~ Decoupled

and reactive power  partial region

Converter efficiency ~ Around 99.2% Around 99.4% Around 99.1%

Ability to cope with AC

. Strong Weak Strong
side fault
Black-start ability Yes No Yes
Commutation failure No Yes No
Total cost Medium Low High




