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Abstract: The sub-module capacitor of the modular multilevel converter (MMC) is a critical equipment of
VSC-HVDC transmission systems, and its safe and stable operation is key to enhancing system reliability.
In this paper an online estimation method for the sub-module capacitance of MMC using dual Kalman
filtering is proposed, which reduces the number of sensors. First, the arm voltage and current are
obtained through the arm voltage sensor and current sensor. Then, the Kalman filtering algorithm and arm
current are used again to set up a mathematical model for estimating the capacitance of each sub-module.
Finally, a simulation model is set up in PSCAD/EMTDC for verification, and the estimation error of the

capacitance is within 0.5%.
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Fig.1 Three-phase MMC topological diagram

MMC i 6 MHE M, B bR R —
AHERTT, TR R ARSI T I 5 A —
M PR Loo MMC 9 FBIE AT DR H 0 45
1 A FNR A S5 SN A IR
B A B A B 2R RE T B2 i T oo A E
BTN, T 7 5 0% AR D R A R KR n , BERY
BOEBR TARP R ZAR B G5 Us B 153
A LI 0 F R L
1.2 MMCIE{TIRE

MMC FEHAL Tz RS/ 3 B TARRES S
Aange 1 AIE 2 o, Hidr S 1E ) H g ki SOt
B MAE D2 HL S SR AR 15 2 )
T R IR RS D, H 280 55 s o X 1 A5
X 20 B TAERES IR IE® TAERE, UHE
MMC i3 Bt F T A e 75 5 i DL S A s
A FH T 55 S AR

R1 FEREIMIERS
Table 1 3 types of operating states of sub-module

TAERE T, T,  HWEKAE U. CRE
P14t 0 0 >0 Ue FEHL
R 0 0 <0 0 S
BA 0 0 >0 Ue JRCHL
A 1 0 <0 Ue FEHL
IS 0 1 >0 0 it
VIl 0 0 <0 0 Gt

-

- — | |
(b) TENRE (c) VIBRIRFS

B2 FERAEIERSHIER
Fig. 2 Pathways under different operating states of
sub-module

Tyl T SN RS i, P RBRAL T
NIRZS WnP 2(h) B o Horr, 24 3E ) B it 2
IR I Dy 2R LA SERLIN X TR 3, A I
I T RGN TS A S, AT SR B SCIRT ; 24 B B IR
i Ty RIE AR R O AR 4, AR A T
PRSI, o 28 S LA/ AR S A R
R A LN weo

(a) PIBUIRTS

- 05 -«



2026 4F55 1 1)

BIERESRYBE

47

E RSNy IPN N R I Re I )
Bk, i 2(e) firn . Horpr, ik 1 L T
W FRL 55 BRI R R TS 55 24 ] R I i 3 S T
R AR D L2 55 B XTI AR 6, S
T, SN 15T, HATIRBOCHT . R sk T
BRSNS, A BAL T 55 MRS, B 7R Heda i vl
JE24 0,

MMC is 47, TR 75 i T2 B i T 228 £k
8, A [ 42 1 Ik 220 7B e 14y P, 2 v AN ], PR g 0
TV E A RS T P H 2 v T A A o IC
HE,

VS TR R AR

u, =S u__. (1)

S, BB § A TR TFSC R u,
e EAVES i A TR R A L

N
uy= Zusm‘pvi (2)
=1
di
_ ud(:
=l T (3)

e w, A BB ) O EBVE R o, N
AR, O TAG TR A U R 5K (B) FBTHES O
BICVSES v W)

Upp
di ep.2
% -7, _L()% :[Sp,l Sp.z Sp,r\'] '
uc p.N
(4)
R LA TR R R A A AR R R

TICH VLB B, AT LD SR FLE w, 5 SM
HLA L w., Tl MR -

u, ZSVIl;uC_’p (5)

G AF

u., ="y (6)

S =" (7)

- 06 -

2 BT RREEEE RN TARE EHT

RIRSIRP TR — MLt /Ny 2461, B
ST UV R Ak B T AT R A IR R
PEAELRALBE . /R 2 IR Pk AR L ) R GE b i
14 F2 2L RE A TR B o A2 e I 5 S iy )
W7 S, 3 T LA A X e i R 2
Z 0 AR RGUIRSAG TR, RIR S IEPA
ELUIRE T BB 7 AT R GRS SE I,
MMC TR TTIF S B TR AR R & 8
PAEBON R .

— I R IR 2 PR P E T DL APIR S 25 0]
IR SIS R G, ARETTR N

XO)=DX(t-H)+TWe-1) (8)
pURLE )
Yie-D)=HX@e-1)+V(i-1) (9)

VRN [E] [E] PR A T, 78 ¢ — V2], RGOSR
X(—1), 5 A F MR We-1), WG5S Ye-1),
NI 75 R V(e —1) o ARPE b —RAERT 2] e — 1 B9k
AT ¢ B2 IR, BRI

1) RSB, A

a(t- 1)=S;f(t— Da, (t=1)+v(t=1)  (10)
S, ot — 1) bt
2) IWHERRER S, AN
~ P(1=1)S (1)
k()= STOP(=1)S (1) + (1)
Krfre P(e—1) AU 2505 A Ak R
B HAN LN PO)=GI, G HE KM IER K, 1l
R SM ANE N RN [
3) AR, AR
e(t-1)=u, (i 1)~ (1-1) (12)
4) RAEF W, AR

(11)

a, ()= ﬁ(,’P(z - 1)+ K()s(t) (13)
5) Wy =BT, Ak
P)=P(-1)- P(t=1)S,(1)S (1)P(t=1) +00)

r(t)+S,(t)P(t=1)S (1)
(14)
e Q) WIS Ty 2256 B 5 r(e) T7 22 R AL,
B HE SRR SRAFERT [R])— A5 B r(1) = r(2) = -+
=r(j)
RIRE e B LR A 3 PR,



2026 4F55 1 1A

WRA,F  RADER/RZUEN A MMC TR B AR EEZ ATk

(55223 3)

WAL k=0 I 45 7% X () P(0)

l

TR R/R 2B R K(©)

l

T T —AHRE X+ 1)

l

TR R E DT ZERE P(+1)

t=t+1

B3 FRERHEEEREE

Fig.3 Flowchart of Kalman filtering algorithms
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Fig. 4 Estimation of upper arm sub-module voltage based
on Kalman filtering algorithms
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Fig. 5 Estimation result of capacitor voltage of
sub-module
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