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Abstract: With the emergence of a large number of distributed power generations, various unbalanced and
nonlinear loads are connected to the power grid, resulting in the distortion of the grid current, which brings adverse
effects to both the power grid and electrical equipment. A multifunctional energy storage converter was proposed ,
which is capable of simultaneously realizing the compensation of reactive current, harmonic current and unbalanced
current of the load. This converter used a phase-locked loop based on double second-order generalized integrators
to generate the required phase angle and frequency, and at the same time obtained the amplitude of the positive
sequence component of the voltage. The converter obtained the command current by obtaining the positive sequence
component of the load current and performing coordinate transformation, and then controled through the difference
between the command current and the output current of the inverter to track the command signal. Proportional
resonant control was used to obtain three-phase current, and pulses were generated through three-dimensional space
vector control to control the conduction of the switch tube. By comparing with traditional energy storage converters,
digital and analog hybrid experimental results have proven the effectiveness and reliability of this scheme.
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Fig.2  Topology diagram of three-phase four-leg
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Fig.3  Schematic diagram of command current generation

W48 2155 55 728 il A a3 B HL A o Y 22
HAE A it — A L PR AR B = 4 25 [1]
AN (3DSVPWM) |, J5 J 7= 2B ik o 45 5 31 A48
Tas T 4S5 AN 8] 4 iR o

P W |
mﬁ: i? P g [ 7| 3PSVPWM B
iy
i

B4 HLTES S 0 B B
Fig4 Tracking control diagram of current signal

23 EBLESFE

YR g I E R B e I, M — ]
FERHL IR, 75215 S i e 12 T de i A2 2y
i, 8RS A BT D Ak bR R b & 2%
A, R T SR B A S B A L T8 (R S D
REZALHE LUF 438 2 1) A8 G i H A D FL O
I3 2) A8 Ik i T A T D H U A3 o 5 3) B 2k D
HL I P 7 0 5 4) B A8 P U I R R )
55 ) 9 A U A TSI A0 o

FH—NHEFES T ERERNEEFES VY,
H AR BRI P 3 i 0 IE A A i VOV, PR
FHIRASZIAH 0 FEAE V), B = 25 [
5 Fi7R o

v, 0
v I
—= AR
Syt > >
v, Vv

K5 AR S AR
Fig.5 Voltage signal generation module

L A5 5 77 A B e A R H T E 7 3 i
WRAEL V,,, FAH A 0 B4R AL 25 v IR A5 5 P AR AR
ML o R 25k E s 6 s . Horpp
SRy i i i A R B AR Q SR U ke i 4 TG
DT E Se R I H ISR 28 H VAL i, 1 TE 7 i
i} op» AN I AR BR FR AR BRAZ 402 3] d—q BEFE He bR &R o
WIS Sy B B A D) L R AN T D HL L SR T R
A I LI BT AR Y LU L A I
7 or it e A R R . D Re S T A g Y 2
SR SRR R A8 it A A M X SE I B 4y,

FEE I FL AL L T H U N R HL L



BRI RN A A TR BT R AR R AT R

wAEF 2025F F55K FTH

v
=
b 25

E

Ko R E S
Fig.6  Current signal generation module

Ve —A oA A IR A% 1, 7R s FeiF
T N, D8 5 B AR Ui s 0o AU . TC T T AR
N AR BT B TC T . AR AR A A D
BT R A

_ P

ca Ve

i

(3)

i, R A A DR 5 Y, R TR
for JE A HL 9 3 4 AR HL R A R I OE R 0 i Y
ERIERe

B R AR A BRI
REESN AR AR A T PR 52 B R
1M AR i e 22 HAESE MO0y, Bl N

i, = min(Vip,il_r) (4)
Aorbred, AR A S O L
SRJE AT LIAS B R L 4, O ERIB R
fpoie = [T 1y = ey + 0y, = i) (5)

A T, N d—q bR REEH R a—b—c B bR R HE
BT R RIA A
A S P A A A (6)

BV I A A N 81 o J1 = AR R S5 o i
TN 4w A& I i
TR A5 T e I FIB N

bieterence = Voa T ley Tl T, iy, (7)
BN SRS R ik i T B SRRl EORTAR 7
i, 7R e o SR R TR R R A, AR
it e i DR H AL R R T IR i

2 AR 3] -
bow = I
i, =1, (8)
Loy = i,

e Al UG B 5 o P s T st i
PRI B HL U R EL AL, DAL A A
TR U o 208 3 ™ A B 5 T 8 3 Y R DR 7R HH

Bk b B AR AR 4y, DT HL Do R 308 1 5% 177 L
AT o T LATRTE A 15 A B I H I 0 o el S
AR A T AR AR ) o i, T RE S AR A 1) )
[E[ZRUN O G R 1 Ry (= ad O
24 HBERESHRERE S

FL A 5 RS s o 2 o T AR A A A 1
L IE e 2 LB A8 A FL R im0 TR S
AR o i UT R E T o, A SCRH
T BB R RS e AT IR 22 E SR 5 Lt
3DSVPWM 7= A= 45 1l FF G481y bk i A 5, 45 4 14
mE 7R

A i 2

B A%
AR f

3DSVPVM
Iﬁ % |

tretttes

HL I o 2
P77 T LB IR A% i A5 o BB
Fig.7  Current signal tracking control based

on proportional resonance
FISVPWM A E , 3DSVPWM Ay £l 5 3 2%
By e L GE AR SR A E T IR L K
TR R R T 15%, H =i 23 A ko A
WK 8 s

1110
—=x
1100
0110_—T ViV
[
1 1
0100 '| 2
P anl V=5V,
=T\ A MefLZ -5 1000 V073 e
LO‘ KU 1
I\\ // 1
0% ik /2% Lok V=3V
—‘J— 1
A TINN 5
L—V N =7 Vo:_ng’
Olll -:: ing\ 3 .
0 H
~ 1--"
NN hoo1 Ve
0011

0001
E 8 3DSVPWM — 42 ] & 4 1

Fig.8 3DSVPWM three-dimensional spatial vector distribution
':}, A A
3 SKIEeiE

T UE B BT H Y ) AR 52 LG B AR R A
LA HMz = AR GBI T T P T
WA 9 FT R I BR & L0 7 & 750 00F, 2
B 1 iR

25



wAEF 2025F F55K FTH

K
i
4
&

At SR ALBE Al I B A AR AT R

9 BBURG ST
Fig.9 Digital and analog hybrid experimental verification platform
®1 NgERBTRRISH

Tab.l Parameters of multifunctional energy storage converter
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Fig.10  Comparison of experimental waveforms before and

after converter operation with unbalanced load
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