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Abstract: Aiming at the problem that the circulating currents analysis of modular multilevel matrix converter
(M3C) is not deep enough and the frequency component of circulating currents is not clear, the coupling process of
submodule capacitor voltage fluctuation, bridge voltage fluctuation and circulating currents in M3C was deeply
analyzed, and the primary coupling model of M3C circulating currents and its four main frequency components
were obtained. The analysis results provided a theoretical foundation for using PR controller to suppress the
circulating currents of corresponding frequency components. The theoretical analysis and suppression of circulating
currents were verified by experiments. The experimental results prove that the theoretical analysis of the frequency
components of circulating currents is correct, and it is also proved that the PR controller designed according to the
analysis results has better suppression effect on circulating currents than the P controller.
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Fig.1  Circuit topology of M3C
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Fig.2  Cyclic coupling relationship of electrical quantities in M3C
TETF S JE I B B E R SR, i R
ZE I LT ooy FFRSEER A B Y FL PR 0 TR

o) = Siyin
{ C (i) ) (_.) (4)
V(i) = Sttt
o S, o TR H T G 8RB S ey 1T fH
S €1 - 1O},
MR H g 0T L 25 L R AR FH AT LR ol
du(}(i,/’)_l. _lg . _l
de T et T e (5)
i — R N T A HL 2 18 L AR [R], XoF =X
(5) 3R FAl 75 20 M8 @ 5 i 25 HUHE w WIRZS O
L B

Uam(ijybni

11



B A AR 20255F 55K F 4l

FREA R, @ e TR E 69 M3C & 5 b Rk 3 BOERAUAR P A AT

dug, & dug; 1 v, NP,
@2 d T Cup " Cu
Hrp P, =v, X1i,
AP AR i R
= (6) AT Py, HR % B o B % we, 77 AR 2]
R e, J 20 5 PR IE AR e 2 R TR 1Y B 49
i i Ml—E P s & o BRI Yoy BT H1H
¥R UMW a, =NU. % &R a8 5 i /NT
NU X5 (6)1E TAE &AL IRV T LIS 3 u,
WF R

1
ug = iy + NU, s—UjP,,idHNUC (7)
WSRO UL
E,

(6)

Hpiesh ot i Bk THVE a8, BB
RERLE, .

g RIEAS e RS E 15 AT, AEHEAT PWM 3 1]
I 38 B ] 2 R I E A S 5
JE#EATIA—4k , J

oA = INU . = (vb’.(co) +v,.)/NU;  (8)
A o, AV 275 W IR SRR, £ 3 JEAS Y B
H, S Wi co) RIS T O R R 1S 0, (X L BREE B
B e w,,,, A 0) 5o S 25 B bR L (H L.
P,y RIS 20 SRR E S H

B > s
Uy = Uy X ug
~ o RAME PR P4 ~
= Vyi(co) NU: + vy NU + Vyicoy X U (9)
H__/ N —’

;_\/__/
B ot IR BBt

FLAL & B i AR o Fe sh o i

PIRLR Z— B /i, DR AE 338 SE PR i i 1 L
A T L 22008
VR i o H T U B i e SO 6, B
By = vy X (10)
15 vy, o OCRISE 4 AN 42 i M3C A FR 3 ) H.
70 o V0 i AT 0 PR 5 A o) FIRTH L JUIAR
P =0 ) A Z o B, v] LA 3 iy A R R U8 8
¥, 18 IR PR Bl A i £, R
L,di,/dt + R,i,, = -, (11)
1y, XS RN G I BRRT @, 7 A S

3 B R IRF RN G AT

3.1 BARERIINSH
H_E 3RS AT AT, M3C ) L 25 Hi, S 33 20 B
THVE DR U, PRI S 2 M3C R 2
FRPEAT oA L e 2 T O 3l A9 ik A Rk 5
12

B E WA 2 R , M3C HH 25 v e i 3 S5
BV G PR RS 09, BT L, 5 A H R R AT
— S H IS 5 e A5 2 Ak (AT o R 3, i E
— BT A R IR SR . B RSB IR
IR R, A T R, E e RS
FE R JE U R R SR U R R A T T A AT
M3C Y SEAS HE 25 L R D 3, s AR A =X (9) A=
(11) 5341 H e A B P 102 2 R B0

R (3) 7 S SEAT R Ha R A A i
HLUI , AT DLt M3C I SEAHR A U)o R 8 20

Py = Pii + Pl *+ Piitoy + Phicoy + Priicoy
(12)

S DR B S AR, A3 5K < B
PRI A AR Pt i A0 A4
TPl BB AR Z AR P e A A
KA PrGT e Hod, B py A Ty
R T PRI e T, A R O 0. H
AN ERIE S YR BT o i X e )
BV R Ry i g L EraE 8

E—2 AT LS 2 28 00 0 T i T %
B TR

de —
Pl)i -

bi(€0)

1, COSQ,| — g Vil COSQ,

I,
6
1 ~

2w A 7
Pico = gvgllglcos(zwlt ¢ +ﬁ2wl,i)

2w,

bi(CO) — _g &n\ZimZCOS(ZwZ[ -, +20+ Bsz,i)

P:;l((;ou))2 = 7ﬁglimZCOS [(w, —w,)t+¢, -0 +,8w1 fmzti] -

—N | —

7ﬁm2iglcos (o, —w,)t—¢, -0 +Bm, —mz,i]

A

P;:Jil((tou)jz = ﬁglimzcos [(w, +®,)t =@, +0 +ﬁw| +w2.i] -

A

{}mZigICOS [((1)1 + wZ)t - QDI + 0 +ﬁw] +w2.i]

| —on | =N

(13)
2Bt Broi Bo, — i B i 5 BB R I BTN
RAEAN[FIRRE v A B IR £

LS UL A [R5 R v 4545 32 30 3 D 22 1)
RRETIAE 71 bR 3 7E MBC HHFNE R AnE 3 FTs o
B JINAE A7 R [R]85 R 43— 2, D0 M3C 1Y 9 45 HF
BT 43 34, 4 R Bl D F A 3 MY Z ) A8
e, MIE3ATLIE W, 4 FR 5 0 i sh o %
X IO R A R 43 AL A T AR B L0 A 1 O,
M3C TR 43 20 2 R SUAE 44~ J7 1) L, T (5] 4
FTR o



SREAH, 5 d e R ik A0 E 09 M3C w2 2 R R B BRI A T AR AT

B A AR 20255F H 554 F 4

D:0 (M:-2w3 ():2n/3

| 20 20 | 20, 20, 20,
Py Ph«(}) Py w Puic Py Pz,

N 1(C0) \ L b7cco) L bicco . L baccoy \ 7

P

.ﬂ% =

P Pk, « Pl Pigen Pitn
m @ \®\ RORIROY m
w I 5 20,0 H15 B
i b (e
e e o

) o o, o,
Pt \ Poed D wseo) N \\ Procco)

OIS OR 5 By o+, 351
&3 B TR b 005 sl 43t A A AT v R AR

Fig.3 Phase of each frequency power

fluctuation component in bridge

a7 [ TE ) X5 £ J52 11 X5 £

o e, rala e e
efale ;e falals o
Q| R penww

4 M3CHRR /T4
Fig.4 Bridge grouping in M3C

X (12) 45 th B A R D 38 R 43 B T 45 2 A
B RERL ), B

El)i(CO) - EEFH)(CO) + Ei?’(co) + E;;}l(“)a), + E:l(;oa), (14)

[F] A AT o 45 01 38 o0 o ) i AT Rk 2, AR
P (7)), B AT TH 55075 3 A ol 25 il R B 3l Y 45

fgyco) = Hefeny + Borieoy + Biseoy + Bk (15)
32 IRHISDHT

HRAEEC(10) , Hh LA v 25 i R U 3l 2 BUW T
T F U B0 Do » BIEAS AR Eﬁﬁﬂi’ﬁﬂﬁ?@ﬂjﬂﬂ

RS a S

~ tF4 ~o, + o,
Vhicco) = UIJ((,(J) (uc @y T uC (o T e ((0) tug (uo))
(16)

Vit AL @, Ml w, 431, 5590 2 )
A L2 R I 3l i AR S 7R R D Bl v
ey ik 8 Ffii R i, W 30, ,3w,,0,,0,,0, - 2,,
w, +20,,2w, - w, M 2w, + w,, HAFEH SR L
FHIEN 5 Fom , A S i 8 A A oyt 1 i b 2R3k =X,
TR BT RS RAN RN,

%;Jé ................. o
I i
g A/A/\A\A
% € 20, 2w, 0+,
HBh
T
fi’f’%*" 3w, 0+20, 20-0, 20+0,
Egj , w,-2w0, , w,
(a)w F3hE 5 L2 L AR
L S w
HENES 2
A A/A/\A\A
T € 20, 2w, w,-0, 0+0,
Wz
v oy o v o
i < 3w, 20+0, o020, 0+20,
;%% , 20,-o, , w,
(b)w, 73tk 5 L 28 i e AEH]

K5 R S50 RS A L TR S B A A
Fig.5 Interaction of fundamental reference voltage

and capacitance voltage fluctuation

XT3 BT 4 2R v A3 s %) B TR
FAE N L L, 56 T R B o 4y
BT AL, B Do) HH 250238 431 1) 0 R 1 B v A
M3C 14 4 0 & v DT R4 7 58 2 08 59 4304, tnn &1 6
Fs

3w, Fl 3w, 43 AE 9 D TR AR AR ], S
¥, ANt i A B R AR s 0, 4
AR LT 0 0 AT, w, 43 e AE K [ 40 A, X
PR et 2 0k A A0 ) ) A 4 o B IR, S X
XU =S . o, - 20,,20, - 0, 57 & TE [
XAD 0, + 20,,20, + o, 571 LEIE B4
A3, BRI b 3 4 a7 A 04 R A i A A
B R AT 05 AR N S A AU RN i
2R G, 3K 4 Fh 3 4012 X 7 1) FRL 0 B0 SR AR
25 HL TR D% Bl A PR o

X bR 4 R i 1 B 0 Bl H R AR
B0 75 48 FV AT 45 2 A B0 7 S Y PR HE 0% 5
Gy, 7 B 45 R i E 25 B R Y A
[7], AL, X0 B0 A5 46 J=5 11 4 4> 243k L R U8 2l v 4%
A PR F A 5 5 W A (A [

G3 A AEXT A 7 0] 1 4 R B A I
W sh e rh MR K (2) 45 B fd ROk 25 O AR &
B NI, J5 4P o 7 AR R AR (R PR, B
SR LAY R Sl A PR . DA RIS R
RS R 25 L R I B B A B I — R A A R
SEBR b, M3C B PRI HL 2 D Bl s Ak S B
A, BESs Xt ©A B AR 1 7 AR 52 ), 0 ] fig
PR i T A TV R S R

SRR AT 04 L A L B B0 A, O A
13



B A4 2025%F %55 H4l TREAH, 4. d ey Wik A E 69 M3C & Bl B 9 3h BOR A i A A A7
TR N T N N N S N w, > w, > 0ff 0, - 20, 5r BEHY IR 4 FpR
‘Tl jot ‘fl W AR R ALY 5 v T 0, 4R
NI N N NG NI NS 2 0, - 30, M REEREES . o5

\®\ ‘\@\ @ \®\ w, A 2 —E I 0, - 3w, 70 1A TR
K it A ek R Tt v LN SR, TSR F R Y L A L R e g o At

s
o

jof

(a)3w JHE B/ &k

)
L Veseco)

Ict
Jt
o

(b)3w, i 87 it

b7(C0)

[~

‘\ Voi(co)

. 521
Vh;’((“[ﬂ

T 2
N\ b4(Co) b7(C0) ‘\ b1(CO) b4a(Co)

~oy ~oy ® ~o

et

~o

2
Visico)

Lo
. Vbico)

2 2
. Vos(coy Vis(co) ’\ Via(co) Viscoy
~o
v,

o 2
NV b3(co)

1
|

2

S
SF

b9(C0)

S

g
=
&
>
i
=
g
=
&
3

i

| cop20 ~oy-20, ~oy-20, | oo, ~oy+20, ~oy+20,
[\ Voo I\ Vvaceoy \ Vbrccoy T Voicoy N Voscor K Vvrco)
~oy-20, ~oi-20, ~oi-20, ~o 20, ~ope20, ~w 20,
. 2 . eI | . 2
‘ \ VhZ(CDI \ vhil(‘ﬂ‘ N\, vl!x(fﬂ) ’ \ VbZYCO) VhS(CO) VhS(CO)
L o~ep2e, ~oy-20, ~op-20, L ~ope, ~ope2 ~oy+20,
Viscoy N\ Vwsicoy b9(C0) . Vb3coy b6(C0) Vuo(co)
N = L 3 5= E=N
(&), -2, 0% 3 73 4t (o, +20, ¥ 5153 4
| ~20 -0 ~20 -0, ~20-0, | ) 2040, ~20 40,
[\ Vb\(cﬂ] N\ b4(C0) \ vh”(cﬂ) \ Vb]((o) AN b4(C0) N\ Vh"lCU)
~201-0, ~201-0, ~201-0, ’ ~20 v, ~20 50, ~20 50,
[\ Vbl(CDJ vhSLCO) \ vhx(cﬂ) [\ Vb:((‘oy \\ vbSICU) b8(C0)
~201-0, ~201-0, ~20
.
VbJ(CDJ

FRores FRorer
N\ Vbo(coy 9(C0)

jo!

(220~ B2 53 ik

(h)2w,+0, 35 35 it

Fl6 HVET LU rh A A sl TR A R TP A s

Fig.6  Phase of each frequency voltage fluctuation

component in bridge

L SO o

GV ‘//\

ft{,’j‘ < 020, 0+20, 20-0, 20+,
O SR TR T
ﬂl{'} < 2w, 20, 3w,-w, 3w+,
:)%’Ajj 20,20, 20 +20, 0,-0, ©+0,

(a)w Jr ik IR AR

2 o
L / :\

< 0-20, 0+20, 20-0, 20+,

S N A

23
B o,-30, 0+,

Egﬁ‘ 0,-0, 0+3o, 2w,
(b)w, 53tk 55 ¥R 43tk A
K7 SRS IR GAE

Interaction of fundamental reference

2w,

Fig.7

voltage and circulating current

20,-20,20,+20,

LR Aa, SRS MR R 4

14

B T3 4 36 430 1 i 5 FlL PR B B 4, 2
RGP T AR N B 0, - 30, 4310
W,

8 JE 5 T Adi, T B4R 43 ik 55 o504k
PRI BT 0, — 2w, 43 FOAR R FL PR 3 Sh A i A
UEE S N B — YRR 2R b SRR A
WR LGSR 50, WA, AT LU ol 4
Y w, 555 Ad, T @, - 30, S 2%
w, - 4o, S RIFF, Yo, - 30, 581 A,
IR @, — 4o, 2MEE BRI AL 25 B 10

3 ST o o
Fﬁ}'f{ 1 2
I / \4 / \
Hi . €eeeen 2w, 20,-2w0, -0, w,-3w,
Wz
v v oo v
Wi w,-2w0, w,-2w, w,-2w, 0,20,
EEJ_T’— - o, +20, 3w,-20, , 0,-4w,
gz
P8 B S R B L A L R S T
Fig.8 Interaction of fundamental reference voltage

and new capacitance voltage fluctuation

R AT E M R T B U GE A6 SRR
T AR P PR A B 7 A S ) ) sk AR X T4 o s
TR PR AR UL, 1 R G S PR A A S T
REE, G R H S T R — OO
H AR AT A 3 H M3C RS I 2R3 1Y g B
FR AR T M3C P b 26 & MR
i, AT DUA BT PR P G448 1] 25 A 42 il sl 4o o)
i B e LA

HR A AT A HLE 00, M3C 3R = A 5
®, — 20,,0, + 20,,20, - 0,,20, + w, 4 FE,
THN AR PR RGP IR AL —E IR o, F
w, I3 B R A W FL A TR P 5 b
FH PR 42 fil # XF M3C 14 P It 20 1 7 48 i Bsf, 42 )
/R AL DL 6 ISR

4 IR HT B AR 6 K I B

S UE PSS o A S PR B A ORI
9 Fr7s i SE B B AT SR, SR S AR
/N

P10 45 H T i 1 A% 20 Haz 2510 1 (i P 4%
il i (3 FE P PR A0 FI PR 2 1 (55 6 Ml iR



SREAH, 5 d e R ik A0 E 09 M3C w2 2 R R B BRI A T AR AT

W AAEF) 20254F F55hK H4M

(o) Ptk
K9 M3CHET-H 5

Fig.9 Experimental platform physical of M3C

x1 ERSH

Tab.l ~ Experimental parameters

(a)F B3 T LB

ZH . ZH Bl
PIHN 3 WAHIED, 130V
B H ek L, 2mH RS, 130 V
TR A C 880 wF HASRS, 50 Hz
FRHHIEU, 100 V iy tL AR £, Af AR
T L, 5mH TR R, 150
A S, 2 kHz TE L, 10 mH

S B IR AN R A LR A5 . X He ST g T
I, B PR 428 1 28 B, SR 90 A A L A5 P4 3l
i B AT 24 26% , H R (Bt 98/ S 13% 72
A UEBL T PREE SO PRI A EIE R . seAh,
X 2 i A ke U iR PR il 5 A L R
U 3l ) AR AR LA P4 ol 25 B sk /N 129% , HL i
Bl o IR S5 T Pl gR g 2 R H .
il g V)45 J5 W R D Sl OB e A T
Ak
R T HE 2P BRI OC T M3C F it o
A3 B A ATT , AR 6 A I R R 2 LR 38 stk
A7 THRE 530, A 117
FEAEF Py 25 0, PR b I A 75 10 He,
90 Hz,80 Hz il 120 Hz 43 , X b §ij b 43 B Y 4 4~
R, AMA B B AL 5 30 He A3, X I 2k — 45
TEAFG AR . A LRI 3h T 7 40 He,
100 Hz, 30 Hz 170 Hz 451 %43 &, LA I8 40 &5
10 Hz o3 &, X A FE SR i — IR IR A I 45 2 .
MO PREE TR 5, PRI P 4> BB R 431 3445
S RN, [0 25 ) 30 Hz 43 f8 S L2 L
JEU% B ) 10 Hz 43 8 A5 204 880 i, X2 i
T—RIGIAFE G B FR M IS |, 5 22008 PR

[l HPYE il R A

il o%'uM

il HIP R il £ B s

il

(=)

Uyl 1,/ V
=3

UyysUyys Uy,

(10 A/KS) (200 V/E&) (10 A/KK) (150 V/H&)

i JA
i JA

U, /N

i, u/V
(10 A/F%) (200 V/A%) (10 A/K%) (150 V/H&)

i /A
iisi/A

P>
ST b Jﬂ
% 5z ‘Q?AV;V) Vx"‘)}\
N ~ g
SE =2 LAA AL
a< a< v
43 <3
i_E A€
<< <<
§ 0 N
W3 o B ol
P >~
FE A
2> 2>
.2 oo 1RV =2 2 SR
= [ S = N :
t/ms(20 ms/k%) t/ms(20 ms/’r%)
(a)PHE il (b)PR¥E il 2
E10 i Hh AR 20 Hz B 19 525005 K
Fig.10 Experimental waveforms when f,=20 Hz
0.8
90Hz | 120Hz Y il
0.6 »‘0(“ — PRyl i
s: 0.4
= 30Hz
[ |*‘ ‘
okl I i 1 L 1 I\ 1
3 8
P il
5 =—PR¥ 7}
Z
S
1 —
0 | Y e N & m

0 50 100 150 200
fIHz

P i35 20 Ha IR IR &5 T FRURIFL 28 R P sl
Fig.11  Spectrum of circulating current and capacitor voltage

fluctuations under different controllers when f,=20 Hz

Gt ARG

P AT T i A 12.5 Hz, 16.7 Hz, 36 Hz
A SE IR B UE , & 12~ 14 45 1 7 380 T80 F 4
WA HTREE R . 4 = 125H2 i 0, - 4w, 735
Xof 7 FR A %R O Haz, R L 20, F AT 1200 0, 2
R P I PR AL B B B A, 3
SEIE M AAT . 1R PREE R G R
w, = 2w, 5 5 O 25 Hz) B A0 545 3]
A i L L R S TP Y o, - 30,738 (4 12.5

15



WA 20255 HS55K F4

FREA R, @ e TR E 69 M3C & 5 b Rk 3 BOERAUAR P A AT

Hz) W9k A ol . 24/ =16.7THz(RI f, = £/3)
B, 0, - 20, = o,, ZIFSm RN T3
PEERU , BT P T2 40 1 A R IR A 148
PP, UL EATTHE e 25 XF 16.7 Hz 1 2R i
Bl ZR AR BN ERIET 0, + 20, =
20, = o,, NI THRES WG, I FR AL S Y
WD . N, = 36 Hz i, S IR 45 5 5 i
IRTH O, X AN FHRAR

0.8

25Hz 75 Hz . P& il #%
o6t |/ \87',5“ AR W P
=04
. ‘
0 1 a 1 1 'l I < 0 .
5
P il 4%
4r — PRI
> 3f -
E ot
1,
ol |
0 50 100 150 200

fIHz
B2 A 12.5 Ha AR TR 3R T
PRt Fep 2 L T e S A
Fig.12  Spectrum of circulating current and capacitor voltage

fluctuations under different controllers when f,=12.5 Hz

0.8

e 8330z 115.I7 Hz Py
0.6 ——{==PR¥E i &
~ 0.4
02— |
0
3l PFE il &
= PR i 7
Z 2
1<
1 =
ob—= 1 & w
0 50 100 150 200
f/Hz

F13 A 16.7 Ha P AT I35 T
PR IR 7 e T 0 S A
Fig.13  Spectrum of circulating current and capacitor voltage

fluctuations under different controllers when f,=16.7 Hz

Zi b, BIRSIE A T AR AT R T M3C
R EZAT 0, - 20,0, + 20,,20, - 0,
20, + @, P EE . R Y 0, -0, > 0,
w, = 20, B EA—L  0, - 30,701
R A L IR Bl kT B P o, - 4o,
. MR Mo, - w, < OB EIEUE I3
MEEN o, + 20,705 o PREH 4 LE P2
i A SE L Mo I i) M3C BRI HH A S I 20, il o2
Mo, - w, >0 o, - 20,/ BT IETTIE

16

0.8

22Hz 4 122 ;&\EH\ P il 25
061\ | — PRy 2
=04
0.2
ok L.I. 1l .. L 2.l
1.5
P il
1.2 e
> 0.9 ‘ ]
1= 0.6 ! |
0.3 ‘ l |
0 W 2 =0 w0
0 50 100 150 200
fHz

14 4 AR 36 Ha B AR RIFEHIEE T
PR 25 H e A
Fig.14  Spectrum of circulating current and capacitor voltage

fluctuations under different controllers when f,=36 Hz
P il i AT AR A0 o, — 3w, 0 B AL 2
}j—iiﬂziﬁ*ﬂ W, — 4(1)2 ﬁ%ﬂgﬂ:?ﬁo

5 4

AT M3C HL 2 HL R B s MR 4T 1T 41
B, B 540 T M3C HPA i H U R L 2 R U
DA G L B | 7675 FE LA F R RN SEAS
B LU AR T 40T T M3C Y FEAS HL 258 1 TR 9%
gl , ik — 2B R E IR A i R o B T 3% 40
FEL 25 HL 08 B0ty ok () SE AT Hl T 38 2, 15 i 3
AR L PR S A 8 PR A3 B () 2518 . it
XoF 33K 61 238 ek 7 45 W TP B AR AL 43 A AT 43
Ao, - 20,0, +20,,20, - 0,20, +w,7
A TE M3C BB AH FAE 5 28 R 3R, T A5
BT R A A B i — 2 A
M3C RS A it 72 & P o, F o, BUE I B — &
AR 0, + 20, 505 IR T 2 A W
M w, £ 3w, 7 EHEAEEKED o, + 40,57
IR, XM A BEE FE T PR $& il (19 34 3
Pl g o A IR B TR . e S g0 E
T IR A R B A M A IR R M TR
BSIE T PR #5025 HE P45t % 1T LA S 4 b 410 7
M3C R T A 32 3 43, S M3C 7E 4 T A48 4
IKE R R BRI TR AR S

Bk

[1] IBRAHIM H,ILINCA A,PERRON J. Energy storage systems—
characteristics and comparisons[J]. Renewable and Sustainable
Energy Reviews,2008,12(5):1221-1250.

(2] R%, LS G R KRR E RESS M G HLZH A S
BNk IIREA AL, LA, 2015,16 (3): 118-121.



KA, S E e R R A E 69 M3C W 5 W Rk Bh BRI M R AT

B A AR 20255F H 554 F 4

(3]

[4]

WU Y,JIAN Y Z,YANG H M. The necessity of PSP AC excita-
tion unit development and function are introduced[J]. Electrical
Engineering,2015,16 (3):118-121.

BOCQUEL A, JANNING J. Analysis of a 300 MW variable
speed drive for pump-storage plant applications[C]//2005 Euro-
pean Conference on Power Electronics and Applications, Dres-
den, Germany,2005:1-10.

ABB Switzerland Ltd. The world’s largest power converter for
variable speed pumped hydropower[EB/OL]. (2014-10-06)
[2024-04-15]. https://library. e. abb. com/public/Oee456ab-
cf33¢f89¢1257d6900347076/Reference_Grimsel_RevA.pdf.
VASILADIOTIS M, BAUMANN R, HADERLI C, et al. IGCT-
based direct AC/AC modular multilevel converters for pumped
hydro storage plants[C]//2018 TEEE Energy Conversion Con-
gress and Exposition(ECCE) , Portland , OR, USA ,2018:4837—
4844.

CHRISTE A, FAULSTICH A, VASILADIOTIS M, et al.
World’s first fully rated direct AC/AC MMC for variable-speed
pumped-storage hydropower plants[J]. IEEE Transactions on
Industrial Electronics,2023,70(7) : 6898—6907.

BONTEMPS P A. Flexible high power electronics solutions for
hydro-power applications[D]. Lausanne: Ecole Polytechnique
Federale de Lausanne,2023.

A, AN, X AR A5 BT LA HORS B A 1 MMC
PRI 7 IA . HTAL E, 2021, 51(24) :9-15.

WANG J,SUN Q H,LIU G W, et al. Circulating current sup-
pression method for MMC based on capacitor voltage accurate
calculation[]J]. Electric Drive,2021,51(24):9-15.

TR BRI S, AR BTV A 1 B B BB
Z WP AR e (1-MMC) R UL SR (1. v <A 5l , 2022,

[10]

[11]

[12]

[13]

[14]

52(5):21-27.

LI J M,PEI Z C,ZHANG H W, et al. Arm balanced based cir-
culating current suppressing strategy for isolated modular mul-
tilevel converter (I-MMC )[J]. Electric Drive,2022,52(5) :21-
27.

LT . Bl 22 LSRR MR i B TE AR IS AT R
WEZEID]. BT - BT R, 2021,

YUE S X. Research on control strategy of modular multilevel
matrix converter for wide frequency operation[D]. Hangzhou:
Zhejiang University,2021.

LIU S,ZHAO B, WANG G, et al. An improved phasor method
for modelling and analysis of modular multilevel matrix convert-
er[J]. IEEE Transactions on Power Delivery, 2021, 36 (3) :
1744-1755.

LUO J,ZHANG X P,XUE Y, et al. Harmonic analysis of modu-
lar multilevel matrix converter for fractional frequency trans-
mission system|]J]. IEEE Transactions on Power Delivery, 2020,
35(3):1209-1219.

KAMMERER F,KOLB J, BRAUN M. A novel cascaded vector
control scheme for the modular multilevel matrix converter[C]/
IECON 2011-37th Annual Conference of the IEEE Industrial
Electronics Society , Melbourne, Australia,2011:1097-1102.
KAMMERER F, KOLB J, BRAUN M. Fully decoupled current
control and energy balancing of the modular multilevel matrix
converter[C]//2012 15th International Power Electronics and
Motion Control Conference (EPE/PEMC) , Novi Sad, Serbia,
2012:1327-1334.

ek H 4. 2024-04-15
kR H 9 :2024-07-17

17





