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Research on SOC Balancing Control Method for Cascaded Energy Storage Converters
Under Grid Unbalanced Conditions
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Abstract: Under grid voltage unbalance conditions, active power deviations occur between the three phases of
the cascaded energy storage converter, leading to unbalanced three-phase state of charge (SOC) and ultimately
reducing capacity utilization and system reliability. To address this issue, a control strategy based on the hybrid
injection of negative-sequence current and zero-sequence voltage was proposed. When zero-sequence voltage
injection alone cannot achieve SOC balance, the remaining power deviation was balanced through negative-
sequence current injection. This approach avoids the issue of excessive zero-sequence voltage injection causing
output voltage distortion, and compares to using negative-sequence current injection alone, it also reduces the
negative-sequence current flowing into the grid. This control strategy balances both phase-to-phase SOC balancing
capability and the output power quality of the converter. Finally, the effectiveness of this approach was verified
through simulation.
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Fig.1 Main circuit of cascaded energy storage converter
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Fig.2 The block diagram of the total control system



AW, W ARFH LT 44X BT

A28 SOC A i 7 AT AL

B AR 20265F H 564 % 8

%
2 HEXAER TR B oM

FEL X)L, e AN P A s, 5 17 73 1, o OO
REER
um=\ﬁUpsin(wt )+\/§Unsin(a)t+qp )

uy,=V2 U sin(wt=120°)+V2 U,sin(wt+¢+120°)

u,=V?2 U, sin(wt+120° )+ V2 U, sin(wt+¢@—120°)

(1)
St U, o S HUFR AR08 U, 0 H AT
1B 0 WA B R RIARL .
S S A RE AL VR A T N
Loy = \ﬁlpsm(a)t +7vy)
Loy = \FZ]Psin(a)t + 7y - 120°)
by = \FZ]Psin(a)t + 7y + 120°)
(2)
2 1 A A BE AL Ui A 1Yt H A AU

y Mk LA A
X L A T2 p (Gi=a , b, ) 53 30
P =UI cosy = U, cos(2wt +7y)+

Ul cos(o—v)= U, cos(2wt + ¢ +7y)
po=U, I cosy = U, I cos(2wt +y + 120°) +

U, cos(o—y—120°)- U, I cos(2wt+ @ +7)
P. = U1 cosy = U I cos(2wt +7y —120°) +

U,I,cos(p—y+120°)= U, I,cos(2wt + ¢ +7y)

(3)
S A AR U A 25 AR S B 238 031 S
di,
Pu=Pu ~ L LE
di,
Pi=pa = ial " (4)
di,
Pe=pe ~ L LE
X i) i XA 228 I ek R 1 v I ] S8 P R
FRI-F- 24 D) 353 550
P, =UlIcosy + Ul cos(y — @)
P, =U/ cosy + Ul cos(y — ¢ + 120°)
P, =U1I cosy + Ul cos(y — ¢ — 120°)
(5)

ik 2 B8 2R ¢ B M S WA ) B 3 1 i
2N
AP, = U, cos(y — @)
AP, = U, cos(y — ¢ + 120°)
AP[p =U,l cos(y - ¢ — 120°)
(6)
A8 =X (6) W] 1 = AHTh i 22 Z F1 o 2%,
P B H T 3 e e A R D R A R AR
e =M S Z 18 TS 3 i e 4%, ki |
8 = AH SOC AN H4y i , T B ARG 19 77 A, {H I
Aotk RE R G S N R G Z H S 1A
PIPIE SIS
e B A AR Tt T A B P HL
u, = V2 Uysin(wt + 6) (7)
P U, 7 A AU 58 7 H R 3]
FAAL
X H T T BT 7 A 8 = AR BRI D 3R A0
KPR

Pao = Uyl cos v) = Uyl cos(2wt + 6 + y)

P = Ugd cos (6 —y + 120°) —

Po = Ugl cos(8 -y —120°) -

(6
(
Uyl cos(2wt + 6 +y — 120°)
(
(

Uyl,cos(2wt + 6 + vy + 120°)
(8)
TE 2 v, T 7 e AH S 1 v 10 389 19 B
EIR S ORIES il
P, =Uyl,cos(6 - )
P,y = Uyl cos(6 —y + 120°) (9)
P, =Uyl cos(6 -y —120°)
FR A =X (9) AT, 2y v e v A BE XA e
TE 7 R AR T TR R s | ke = A S 22 1]
AR, FI AT DL A 1S N E ¥ R
UMz H, 19 £ 7 H e 20t 5 4 £ B E i i
HL ALV FH T 7 A i D) 38 Al 22
2 sk At RE %E?) ¥, B U RE R 50— A1
SCHAT IR % ]

AP, + Pao =0
AP, + P, =0 (10)
AP, +P,=0
MR RS, AT LRI AN E T’
JEH

15



B A AES) 20265F H 564 &8

25 5l R LU T 4R Kbk A TR B SOC H #r s ) 7 kAT

u,=V2Usin(wt +2y — ¢ + ) (11)
2 ph R A7 HL R T AT IR R kX
B REAE A 1A 177 HL Tk
fw = V2 I sin(wt + ¢)
iyy = V2 Isin(wt + ¢ + 120°) (12)
i, = V2 Isin(wt + ¢ — 120°)
XA T B E R AT R AR S I T R R
KR :
P,=P, +AP,
=U,l,cosdp + Ul cos(¢ — &)
P, =P,, + AP,
=U,l,cos(b - 120°) + U, I cos(¢ — ¢)
P =P, + AP,
= U, I, cos(b + 120°) + U, cos(¢ — )
(13)
K P (=a,b,c) R =AM YA D) D350 4
AR»n(j=a,b,c)§ﬂ;*ﬁﬁIjJIjJ%vﬁ§o
A = C13) T 0, e A B3 L g o] DA SE B =
FHA T T 28 0 e 7%, i 1 S BLAH (8] SOC 1 7 #2
il AELB7 7 UL A 2 s e i A e R 40 5 L
RGN D324 FER T 8 RE R 40
AR,
TR S I =R T ) AR B A AR E A
0 HL I A DL R A
AP, + AP, =0
AP, + AP, =0 (14)
AP, + AP, =0
PRI I 530 T 75 A ) 70 fEL AL AR T
oo SR () AT Ty D) 23R A 2, 38 T 2 PR I PR OE T 43
S 14 W R A DA SR B F T AR Y
A )T 3w 2% , 205 S YA A ) T e 25
HEATHRIH , 5590 = AH A Dy DR 0 A kg e AR
SOC i 22 . F& T30 (6) Fron i = A A3 T 2y 3 4w
25, Frile TR = AR 0 F AR A 2 (14) 7T AT
HATH .

Ul
i, =V2 U “sin(wt —y + @ + )

P

U,
Py = V2 [}psin(wt—7+go+7r+120°)

cbn

p

U,
fow = V2 U “sin(wt —y + @ + w— 120°)

p

(15)
16

i LA A e A R A AU
AHTE] SOC ¥4 165 X 22 48 725 12 F11 F 1) 2% 8 4 32 T
/N, AT LR A F P A

3 RBpwEA GBS TEAN

AR P A By B R Rk Uil A
Bt I I A5 57 fEL R B30, 3 A B L
(R 23 19 R A 2 X 35 98 R g Y P S MR (R
BRI T aEUAH AR B A TR

T E S A S EOR G A 1 BR
Wil R Gk, FTRASHE N TR FRES TR
TR A TE AR J7 3K 58 3 B A RE 78 R A% — A
SOC Kl o R I Fr i R AT %, 280
0y H PR P R A A R T I, 3o R 5 ek
INEFFHRIETEA, GIAERR Bk, AR %7
Fe B AR REANAS , D/ N v s M A, PRIEAE B
TP FL T R i R A A R S R
PN, TN SR 2 B A D o3 22 6 L LT A
eI, S AL TE AR T LU0 3 i, bR
F G0 J e P 0 A D D S A 25 AR5 A ) SOC g
ZE38 5 PLEZE i 88 3845 , 15 247 D D 20w 22 AP, (j=
a,b,c)Jm, BT RO F IR EEA N TUTE

325
MTRIERS
soc,
+
s0¢,g (71} AP, AP,
+
S0C goy _.@_,AP ool 35726 i
+ AP Clark —
e e LIl AP,
sURi | i,
A —
u, U @14y
] b, ;
u, GiAL |_ccn g
— | Wik
. B | or |
|

I3 1P i AP 2
Fig.3 Diagram of negative-sequence current injection control
IERT T B R i AR GR R
uy=kV2Usin(wt +2y —@+m)  (16)
BTy TR L R TR A T AR B
THIHE [ G P 4 it 7, 5 rp B35 L J 3 AR G ) P
PR SE Y, e R AR R T2 (16) i i
THETF IR S BT , >4 W X L R P 3%
5 7 20T DAAR 4 v X L R AR B PO T AR Y
MR .
WIS 22 e s HL AR A N IE P LA (i, 0,
i) VA B T b T 38466 1) B LT i)
Z A,



FEM Sl MR P U Ak XAk AR IR 2 SOC 42 5] 7 R AT R B A 20264 H 565 58

BEARAS AR
Z [ ]

IES

i B s
it i«:b A dq +
fog — - e [ NN PWM

Ty ——0—— - };; +
e ——50—
ANCRIN S AL g P A
TP A
&L(16))

K4 REEEHIHER

Fig.4 The block diagram of the total control system
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