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Improved Hybrid Modulation Strategy for MMC with Auxiliary
Sub-modules

YANG Guangyuan', ZHOU Shijia®, PENG Guangqiang', WU Jiyang', XIN Qingming’, XU Shukai’
(1. Maintenance & Test Center, China Southern Power Grid EHV Power Transmission Company, Guangzhou 510663,
China; 2. China Southern Power Grid Research Institute Co., Ltd., Guangzhou 510080, China)

Abstract: The traditional nearest level modulation(NLM) has advantages of simple control and low switching fre-
quency. However, when the number of output levels is small, the harmonic distortion rate of output waveform from a
modular multilevel converter(MMC) under the NLM modulation will be large. In this paper, a full-bridge auxiliary sub-module
is added to each arm of the traditional three-phase six-leg MMC topology, and the capacitance voltage of the auxiliary
sub-module is half of that of the half-bridge sub-module. Aimed at this MMC topology, an improved hybrid modulation
strategy is proposed, which can realize the balance control of half-bridge and auxiliary sub-module, reduce the harmonic
distortion rate of MMC AC-side output current, and reduce the switching frequency and system loss of the full-bridge
sub-module. A detailed simulation model is built in MATLAB/Simulink, and simulation results verify the effectiveness of
the proposed MMC topology and the improved hybrid modulation strategy.
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Fig. 1 Topology of improved MMC

IERIBATIRE T BE A T B 2 Bl TARR
A :Uc, 0, TP PR 7L, TARR S X
PRS2 ik, IEH B TR T B 2f TR
3P TARRES :Ue,0,-Uco W3R 1 PR, (B 24 T
BB DU AS TF &% F 89 TR RS 090 81,85, S5,
Sy, S, Al Sy HLARTIE LS, IS, HAMTE , “17 RN &
P53, “0” FoRARFRIIT, LA 12 2 TR N
], 2 TR EAR A AR S ISR 1 Pos



76 25 b

27 Eire 5502 %

®1 EHFERITERS
Tab. 1 Operation states of full-bridge sub-module

B T, T, T, T, i, U., L 2R A
1 1 0 0 1 >0 Ut AT
2 1 0o 0 1 <0 vt BT
30 1 1 0 >0 -u  BAWMH
4 0 1 1 0 <0 @ -U. BAFTEH
5 1 1 0o 0 — 0 IS
6 0 0 1 1 — 0 IS

Mg o 0 0 0 @ — — —

A1 1/2 %l B B 0 L 2 R R (BN A T
B 172, FTLL 172 5B PR iy i 25l R ULn]
Fmh

U.=U; 12=U,/2N (2)

2 HitE MMC #FERE

RIEE 1 aT LLE i T AR 0 45 #0E
ZHORN T AR B B0 58 4 40 [R] LXK, A8 206 F = A
LR MMC 1) 2502 A58 T L H o — AR 407
PLA AH B, R ek R MMC R S5 R0 Fh an & 2
B

B2 EEME MMC #Hih
Fig. 2 Topology of single-phase improved MMC

H s, 0w, 20 550 O AT AR A 172 i B

TR R B 5 R T R R T s, R L A R s

I w2300 AT AR 1/2 Bl Bl A B ) S5 A%

FL TR R R T 50, 9 T BT A LU 5 Lo R A P IR

R A G 8 L BEL 5 s, A W A LA 22 [ A R
HRAE SCHR[15], 454 1 2 (S350 i 1R 7E R %

JE 2R 8 B U FT LB 1) 1 LR L T AR B KR R
HL T Al A

w1 = U 12 ==, (3)

Wit = Uge 12 —t=tta 4)

BEXSA SO ) W, b R R B2 A TR
PTG L2 L R 2 B 204528 N- U, I
THVE 172 4B R H R 2 RS 2R
0, it

Upititn, = NU,: (5)

Uppr g = 0 (6)

255N 4)~X (WA, b T 12 5B
BRI 275 HL R

Wiipt et = Uge 12 =ttty = Uy 12 —1,,—1,, U (7)

Wit et = Ue 12 =10y=10y = Uy 12 =u;—1,,Ucc (8)
S g A1 g, 7090000 b AV A TR AR

1T 172 B Bl 5 B A E A O S A T
Py 172, e EA AW TR B iy
T it o B3 AP TR R 2258 FL T, B 1/2 4 B 5
BERS HBAA B BUETEFIE 0~1/2, XN 5 3C
1/2 G By 7 A e U101 X Be &l o 42 44 1 B
Wi

3 R MMC HYiE & 5% B

A SR, ASCH MMC $h b A
P& A A 2 B A | H BOR A TR
RS B A 172, WERRE SR
NLM 4 il 75 25 , M4 SCHR[14] 7] 01, 2 4 7 15 B
SRR T 2t I RE e A, R 2
MMC RGTEIE R 217, 17T MMC 44
FI AN ] 7R S TR Y R X AT ) MMC
S SR PEA T At A RS R RE R ST
3.1 FHFESRE T EE S R

X TR R AR, SR A GE R NLM 4%
il S W WBURE pRBCR 25 R 1Y floor (n) bR R, FE 1
FEME B AR AN 3 R
3.2 172 HHBh FAE IR T &= ) 5k Bk

1EZE floor (n) BRELHT Ji F AL BOW 2206 ¢,



%1

W e, A — RN B R i) MMC et 3R A 8 1 475 ) 55 77

B t=n-floor(n) . A T SZBUHT B FHEH a9 2 FE#21 ,
IO e 45— I 220 il B 3 A e ) it 2 L T 22 R AT
RERYEIT T ¢+ Uco BE B — I 2T ZHIMEA o 1>
R 172 A B I RSN K,
) Bl A R g e 4 o T LSRR Oy

aUC"'Kp\wnUC/z:tUC (9)
A4 7
B LA HL
AR LU
W 2% J’

s

=

HUIE u,, W g '
e e i LI
TR % i

B 3 NLMiF#liRE
Fig. 3 Flow chart of NLM modulation

P 4 fr 7 BRI AR SCRIr e MMC - 47 1) 3
W B RS A AR AR P 4 TT RUR A TR Y
BeONBOR T 22 M8 ¢ BOBUEE R, AR ¢ J2 15 B4
A3 AT PR O .

(A2 =0, YW IL I AN FE 24 A 2 TR
HA R 3 NLM 3 il 77 sCE A TR

(2) 2R O<e<d, W5 BEAR 5 25 {6 ¢ B9 R/ (R
I T AL R LA SR R UL 4 T 1 R E AT AR
TR BT, R TTE T,

VLWL Ik B R L O 1) o IE B >0 S A
SE T AN B TR U A0 Iy 51
BN 1T AN07, 172 Hiff Bl 1B R A IF IR 25 5 3]
Dy PWM AT -PWM” , % i AT A HL L & A5 1) 8 A
AR ZE(E ¢ BOBUELTE IR, T LUK 1/2 5 By 7Bt Bk
(i AR ASTE SR 2 PR ok, R BT RAIAS- 31 i<
HORTRIS

e

4 BUAE MMC P&
Fig. 4 Topology of improved MMC under

balance control
1) 0<e<1/2 i}
I A B AR B B A L TR TE 0~U/2 Z
), T 1/2 il B PR B 25 L o U2, BRI 38

AT PWM 275 i /M 172 % B 7B Bk OE
li LA, RIVA] dy 30043 LA HL TR 2R AN 75 A
FIARBAL AR AT TR B, 172 4 B 7Rk
B 1 P Ay
u=up, =K,Uc (10)
R2 12 HBTFRRAEHRKE
Tab. 2 Output status of 1/2 auxiliary sub-module

t 1/2 4 By 7B B TR

0 0 0
0~1/2 PWM 0
1/2~1 -PWM 1

2)4 1/2<i<1 B

I I 42 B 5 B T AR LR AE Ud/2~U
Z 8], T 172 5 Bh F RS i A R Uy2, I,
U3 o TF ) 45 A 172 5 Bl 7 A B TS v i x4
Bl Y HL S R, i AR 51 AR AR 2 A 7 4
oo S T AT R AT AR B 2 (8] Y HL A HL R AR
Wty BANEI T A4 TR | 1/2 B B Tk
T BRI o BEIE BN A B2 TR A 172
ity By~ e A A K e H Y

w=up+up = (1-K,,) Ue (11)
A w, ARG 2 7R i

T AR FERCR R, TR 1/2 Fi7 B
TR A — A T s RAs, Bk
W& I ANRE S8 A PRAIE 1/2 % B AR FE i A, R T
SCEL 172 FBh TS A AT 172 B B AR
Pl W R4 FFTE U2 BT, ) LU 87 1/2 %
Bl R H i S 5 R S B i Y B R/ME s m
P HE m ARG 5 IR R — I % 172 Bl BBk
18 PR 2 HL S S92 B (L N PR PR L 22 18] 1 DR/ 56 R DD K
BV R R 5 ), BRI AT 172 B s
XoF S0 T8 F, ) 7 SR R PR 9 B m Y IE 7

Az 172 i B BB R A U Y i m i 4
HIHEE AN 5 Fros, 715 B om0 A R H i R 45
il o KT E m AR R R AR 172 S
TR B PR A5 T o SR R AT 20 A I A5 S A = A
B AT LR BT A B R 172 B B R R
1 PWM #5655, iy o] Adieg 172 4 Bh



78 25 b

27 Eire 5502 %

TR L A R ZE SR A U2 B,

Bl 5 1 o F oy Fn BE— N2 1 R BREE 172
Bl TR PR A R R ) SE B (EL, DAL 172 BB
TN ], wig F vpg B R T RIR N

’l)le S=1
U1 = Svpg =40 S5=0 (12)
—v Hpl S:—l

A, S O LV 172 i Bh TR i T 5C R 2R

TR 172 BB
TREH I (55

TR 172 Hi B
TREYL I (5 5

Bl 5 1/2 HEFRRIASIE S ERMIER
Fig. 5 Block diagram of 1/2 auxiliary sub-module

modulation signal generation
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