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Design of Drive and Protection Circuit for MMC Sub Module Based on Half Bridge Cascade

MA Zhen, WANG Yugiao

(Engineering Department , Huanghe Science and Technology University , Zhengzhou 450000, Henan , China )

Abstract: For power electronic devices, the design of drive and protection circuit is very important, which is
directly related to whether power electronic devices can achieve reliable and safe operation. The driving and
protection circuit of the MMC converter with half bridge structure was designed. The circuit could drive the IGBT
device in the sub module, locate and process the fault quickly, protect the IGBT device, and improve the working
reliability of MMC converter greatly. At the end, the circuit designed was verified and analyzed by simulation

software PSIM and experiments. The results show that the circuit can well realize the drive and protection of sub

No.12

module circuit,and can meet the protection requirements under fault conditions.

Key words: drive; protection ; submodule ; fault indicator

UTAEA , B BLU a H T SR A1 I, T

JE AL AR }ﬁ&%%E’JmF E:(JIL(VO]’[dge source converter—
hlgh voltage direct current, VSC-HVDC ) #ij B £ R
PR TEARBVK T . (EARZ LT rh A
i}%ﬂ:% g SF- 25 i 2% (modular multilevel converter,
MMO) A2 T2 BB H . MMC 944
BB b A TR DL S AT v S R T AL
Xof T AR 3 T 4 SR, TR R
8 — & AR A DI B , 39 R LAAE 52 T ) i

ZANHL . 545G WG R SN = SR A A
EE , MMC A8 3t 4 2 A D) g8 R 0 341G 58

it TR AN AT M s A A
XF T MMC (9 F B0 5, HoR i 24k
i LA B V2 2 2 B B4 B B R B A A
E W B A RHUTRHL IO H (142102210550)

EER A Do1(1985—) , & i+, PFii, Email :h7ijx3@163.com
10

X TR IR S P B A B e
FESC RN I G R AR 2 — o HAT, X a4k
IR R T B i £ I H B IR Z W
%Fﬁ%ﬁﬁ]fuﬁmﬂx%ﬁﬂ&/\ﬂi%mﬁﬁm @
A&, BT - 9K 3 e i T R A B — i
PEZE X T DR a8 0 OR3P Tl e 56 35 B A AR afF
HAESEBRR B Tl PR AN ], 5 2%
B R WA R L, 780 2 5% 9K 8 {5 5 8] 14 R
B B S R A

XopF R AR, SCARER X MMC 258+ IGBT
DA K LSRR B TR R F B, B0 T 35 T MMC
TR IR B O L B o %R B R T AR
Perp b R PIAS IGBT g4 A SR 3l AR 4r, SE3 1
MMC T A e 3K gl O 3 e fi i A Ak i 1. 1%



IR, 5 R TR0 MMC F 43 3R 3h 4% 37 W, 3435 i+

WA 20215 HS51E F12H

B b TC T A R TEORT R Tt A3 L A OO TR L
G548, IE e AT LR A5 B 77 3 OM 3245 il it
P78 i 52 e, RORAR & 1 1B A 19 ]
P s ZEOR AP D7 T, 2% F B BT 0 TR AR S ) LAY
i R A B AT T R LB Y BT, O
AR (R PR A B R b RS D RE S TX
TFR AR PR

1 MMC ¥, F4-20 %, 45 M)

XTF MMC, 55 UL 7 H A8 i 25 40 L
BEAMEE A TAS PR R I B, th T
BEAE A A A T Z 8] T I R |
TH . T MMC i AL R MR
6], AT LAy A 4 =X H 8 235 4 R 2 i =X e JE 5
g, AR SRS 1 A 2 W R B 85 A 2 BRI A
Yo, MMC F i B B A B 1 s o X
MMC,, H 3= 2 B4 60 5 X5 5 B0 A PR F T H f i
AAALR]AH TR TR B, Pt 7
X 25 FAREH AT F Fs B A 4 1 [] o AR 4l
SR IR HEAT 4R ], DI ARIE R B8 10 1E 7 38 4T .
IEH TAERE, B T8 5 A Rk S : 4351
F AR (525 o

A

SMA | SMB, | SMC|| VT,

SMA SMB,| SMC)| |:> C
ESMAJ ?SMB,] ?swic,] VT

NYY\_OM”
U, m_.—?u,,
u,

SMA | SMB, | SMC,|

SMA) SMB)| SMC

v '|:|SMA,,| 'I:|SMB,,| '|:|SMC,,|

F 1 MMCF BTN
Fig.1 Main circuit topology of MMC
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Fig.2  Structure diagram of drive protection circuit

XF TSl LT S R SR AT SRR
A, T R R I Bl g B R R R AR
R P B B R G B ASA AN IR 3 TR . i
P 3% SR P A e ri, 2 R R b LR P A A3 r D7 5
TEAL Pl e SR Bad B vl TR R A B B
IR, ph F vl oA S sl (3t R 5 A R AR s AT
st R, ol TR LA R 25 DC/DC 2 it v
2 Sk S e R e N N N TR S
S PR L A s O H Y e R,
REAS I, R it 5 A R B O fL Tt D ST FL B
PRICARZAE TR A RS o 78 AR R IR
AR, a a5 BN 2 R TSRS L A 00 81327
SR BB R R S 45 DSPs ez, 2 A it
LIRS, o s HLE D 2, HL ARG 38322 s HL Ao

11



wAEF 2021F £51% FH 124

IR, 5 R TR0 MMC F 423 3R 3 4% 37 b, 3438 i+

Ja BB B, DSP S I 5112 B I T R] 3R
SRE3ERY T gl

T?EDSP Pt
FEL YRG0
g&%.ﬂ a N GP
DC/DC
N
FEi -
H 2 F it

F3 ks R Ge L A 1A

Fig.3  Circuit structure diagram of power supply system
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Fig.5 IGBT short circuit fault detection circuit
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Fig.6 Overvoltage detection circuit
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Tab.1  Fault code
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Fig.8 Simulation waveforms of drive protection circuit

& 8a NIKSHPEIE , AT LA H , SRS I I8 o TR
T L fE LR, RIS, BB DX A7 76 1T Lkt £ R
UM EFEE NI K 8b A R B
JERFER, R, =R, =R, =R, = R, = 10kQ,
R, =5.1kQ, V= 1.8V, C, =C, = InF, 3 JE(H
BN 280 V, 7 ¢, P21, L2 L R R 100 V IR
300 V, i He Bl B 5 He e H AR S AR 3R Bl
T B 1R 8 T Ay Ak A BB OR AP LR
H R =R, =1kQ, R, =20kQ, R, = 47kQ,
C.=10nF, HE 8T LIFE H, 2 Bl it
14

{}lb 'fn =2

JGL A C IRV, /3.3 VIFLR TR, 2
JEBRE 1 VAL, b 3 S 5 o H AR
IR IR S5 5Bl B4

R T R B HL ) T SR X AR A )
B oL R AT T IR, 3R st it T D 6 R an A 9
JIi7R o

VT
/ fuf B LI

V. IV(5 V)

t/us(S()b us/k%)
K9 BB
Fig.9 Drive waveforms test
MIELO T L e ¢ 20, VT, JFI o B
ZV VT I S8 . TSR, T K 4

e R IR ENE 55, &Gt —E I RER A4 7]
D) FF38 5% G WT, I, 78 VT, BT 52 G il &
VT, T

T B E TR TE RE B G M R A B A B B
PE X BK 2 B9 D) RE AT I, S Ul SR AN 10
[ N 3 I O e R A = I | I s 1 S Y W D E
G5 V., VI, IR ENE 5 V., IS BUK 55
Vwrto E ¢, B ZI fish 2 Jok w38 40455 45, Ibb Aol
A 0 F %K JOK A A AT B R . S X IR B
H 6 110 9K 3 B 1 A7 8 — 45 B9 I, 45 IGBT 4%
A T AT, Mg R A E 11 R,
FHEHH R 300 Vo Hid v, oA SR HURRORN & B
W Z (B HL R, VA T DA R e S A 22 ] 1) R
H & 1L ATRLE 129K 3 H 5 AT A R0 9K 3
IGBT ()38 W .

£ [N ..
t/ms(5 ms/f%)

K10 YRSl
Fig.10  Drive block test



IR, 5 R TR0 MMC F 43 3R 3h 4% 37 W, 3435 i+

WA 20215 HS51E F12H

Ve

V. IV(5 VIkE)
V. /V(100 V/H%)

—

t/us(4 ps/)
(2)IGBT 38 I 1

V,IV(5 VIH)
V,/V(100 V/H&)

t/us(4 ps/Hs)
(b)IGB T IE

F 11 IGBT 3K ZhHE Syl
Fig.11  IGBT drive capability test

AR SO A4 PSR F IGBT 1 9K Bl fik i i) 2 3K
HEAT T 4347, I X5 MMC A5 2 1) 3K 5y ri, 1% 114 1%

HEOSRPEAT 7O, B0t 1 7B R 3K 5l %
SCHL T RS PRI BB . IR R R i
7 ELARAF PSIM LA B S B v, 6 A9 000 40 A SC i i3
THAY LR HEAT T SR UE AN AT e 5 EC A Y
B R AT AR SO BT A4 R S RT LA R0 52 B0
MMC R F 8 4 g 0 45 1 A 7 SR sl 4 ] L
(7Sl

S 3k

(1] %) H . o s i e e A A DRI & e T AR [)]. L )
A ,2012,36(1):1-6.

[2] Marquardt R, Lesnicar A. New concept for high voltage-modu-
lar multilevel converter[C]//PECS 2004 Conference, Aachen,
Germany,2004:1-5.

[3] Gemmell B, Dorn J, Retzmann D, et al. Prospects of multilevel
VSC technologies for power transmission|C]/Proceedings of the
TEEE/PES Transmission and Distribution Conference and Expo-
sition, Chicago, IL: IEEE,2008: 1-16.

1 kTR RIIFRIGBT SRENR A 1T S5 5T [D]. hLHR - HL
R, 2015.

[5] 4L X Je . T STATCOM Y IGBT YK {44 l s Y BF 22 [D]. 14
B P T RHER A, 2012,

| TS RS %, 4F . SET EXB841 (1 IGBT SRSl HL izt
PERARAEL]. # 7 A Bk, 2004,24(6) : 37-40.

=~

[

[=))

[

ks H #1:2019-12-30
ek H 19 :2020-02-12

33333IIIFIFIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIIIIIFIIIIIIIIFIIIIIFIIIIIIIIIFIIIIIIIIIIIIIIIIIIIIIIIIIIIFIIIIIIIIBIIIIIIBIBD

(L% 97)
Electronics,2017,4(4) : 1442-1451.

[4] Ceballos S,Pou J,Zaragoza J , et al. Fault-tolerant neutral-point-
clamped converter solutions based on including a fourth reso-
nant leg[J]. IEEE Transactions on Industrial Electronics, 2011,
58(6):2293-2303.

[5] WO, GEI3E, AT, 55 . NPC =BV AR 2 e Ak g 40
LRGP HI)]. FB A S8 F 31K, 2017,41(18) :95-102.

[6] Liu P, Duan S, Yao C, et al. A double modulation wave CBP-
WM strategy providing neutral-point voltage oscillation elimina-
tion and CMV reduction for three-level NPC inverters[J]. IEEE
Transactions on Industrial Electronics,2018,65(1):16-26.

(71 TEVLH:, ERERT, 2R, 45 BT SPWM/SVPW M i ifi] 5 i

BB AS AR, A% 5, 2013,43(1) :39-43.

[8] Xia C,Zhang G, Yan Y, et al. Discontinuous space vector PWM
strategy of neutral-point-clamped three-level inverters for out-
put current ripple reduction[J]. IEEE Transactions on Power
Electronics,2017,32(7):5109-5121.

(9] EIRER, . — R A AL T = AR s o
P 1 75 kb A S5 R (D). BT AR 4R, 2015,30(19) ¢
136-143.

[10] Lopez I, Ceballos S, Andreu J, et al. PWM algorithm with adap-

tive offset for three-level multi-phase neutral-point-clamped
converters|C]/ Industrial Electronics Society , IECON 2013 39
Annual , Conference of the IEEE,IEEE,2013:1185-1190.

(L] SIFFN, ShRAR , ERFAT, AF . = MV IR P fU B30 A2 #45
FE A3 A - 42 1) S W [0, B T A A% 42, 2017,32(1) : 129-
138.

[12] XUk, EEE g, 45 . —Fh ELAg o e (0P v R AR
FER) = P2 ] R R 7 i 0] TR 2240, 2015, 30
(4):196-202.

[13] - D], A e . 8T 00080 90 P9 = 1 S NPC 306 2 42 il R
[J]. F. Jy AL TR ,2015,49(11) : 12-13,50.

[14] WL, I . = P AU O i s o 5 I i 5 3 7. v
[ HL L T R4, 2010, 30(30) : 55-61.

[15] ZFT, 8K, 046, 45 . = LV NPC 78 Ui i S i i 2k i )
SR VA ] SR A A P T 5T 0], . T RER 244R L 2014,29(10)
38-48.

[16] 27, 2 lules , sk, 45 . — b =P NPC 2 Ui 45 19 7 2 4]
il SR wE - T E , CN108092535A[P1.2018-05-29.

Wk H 399:2019-07-22
Bk H 1 :2019-08-17
15





