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Abstract: With the advancement of the construction of photovoltaic, energy storage, DC and flexibility, the
problem of harmonics in a low-voltage DC (LVDC) power supply system has received widespread attention. Compared
with those of an AC system, the characteristics of a DC system are that the power supply and load are more
decentralized, the proportion of power electronic equipment is higher, and the AC-DC coupling effect caused by
interface converters is strong. Therefore, the problem of harmonics in the DC system indicates that both the low- and
high-frequency harmonic peak-to-peak values may be high, and thus the classic harmonic analysis and control methods
for the AC system are not completely applicable. To this end, the main harmonic sources for the LVDC power supply
system are analyzed, and the mechanism and characteristics of the DC bus voltage harmonic problem caused by DC
sources and load are revealed. Accordingly, a hybrid active power filtering harmonic voltage control technology is
proposed for the harmonic sources of a broadband and decentralized DC system, which achieves the control of

harmonics in the case of uncertain disturbance location and
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2025-02-28; FMIZEZBR: 2025-03-14 quality level of the LVDC power supply system. Finally,
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high- and low-frequency mixing, thus improving the power
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Fig. 1 Topology of low-voltage DC power supply system
1.1 XREMRESENERFELEBELHR

AE L AL P e R A e (R BT L R
SR SR, 2SI AL I R R P DR AN
AL AL P FL AR B S A I I R A, 2l i
AR A R ANV A 2 23R el D0 B A A i ) T R
b, SECER R RS PRI AR T 7SS i
PR O L s L O AN P A7 B S8 3 R AR B 5 A 1 Y
LT, AT IR P R SO AR T

TEAZUR L AN IS B0 T, FL R TR U R
i | AT LA IE R e G oy B R, B
{fﬁjf?giiﬁ“jifﬂ (1)
ap = g+ dg-
St Uy, 1, AP BONAS T I R L R 1
BIHI L ARBR R Tl UG, o 15, A INIEST
R | FELRTEIE [0 e Y dg ABAR & HPin) dg Bliiess
AIME; Ug v o MBI TUF R . BLRAE T ] i
Fe R do A bn 2 P n] dg BB HIME ; o WEERUIR

H1 (1) Al 3530 HE 7 S I R AN P i £ 1 2
&, OSSR R T S, |

A

_ C oy [+ - - + = Lj2et
S=U 15 =Ugla: tYUe lag tYgla ™ +
- [+ L-j2et _ :
qu—lqure - P+.]Q (2)

A B IR P Q ke
HUEERIRYI N o7/ R 8

RAEA(2), ATAF 3% 1 AR A% 4 1A 2 )
KPR

P=P, + P, cos(2at) + P, sin(2at) 3)

Ko Py Sz DA g i AT D) 2 ) 3 1
P, P, 733 R U R AR BLIEH . E5%
WA

K 3)FIATESS WL MR E LT, #1078
ods 210 ELRME A S A A R BT,
5 ER AR R I A, SR HR RS
RE R

TEAS T HL M L 5 A K IR IE RIS 0L T,
TR BT LA

IR + j(k=T)et
{:J e @)
K, Ugge v g 29000 k IEFS R .
TAELL ko 1 FA L IE M) HERE 1 dg B4R &R Hn) dg
R (A —HEAJE KIRIEFY . T 4
WAELA o SR BE TE e 1) dg Aebs 3 4l 3R
A k=1, k+1 IRIIAST T o

) B AT LIS B2 AR B A DIU R P,
(E ST W

P.=P+ Pc(kfl) cos((k—Dat) +
P sin((k—Dat) (%)

R, Py P SMI0 ko1 SA DIIPRIIAS
Welf . TR

(5 EWIA IR 54 K WE
A5 LA k1 UKD, [RIBLATA, Seit
MIEAH K USUFIIIN AR k1 UThos
8. AR e A A ) A R R
L BRI RS R AR R
12 $is3I R E R E L

B T 13040 P R 500 FO 5 07 8 2 A
DA, DA L A B A B B
T L EE L R P 0 A4 43T SR . 25
A ST AR AR T 58 A ST A 2k P

=I+

.
dgs T 1egg:€



553 1 PR, S R AR RGOS A IRIEBEEOARDISY 89
I BCE R LU AR R B APEC , 5 R AR ST AE

12,1 A8 5 T A A ARSIk

XF AL R Y SR A I A, SR L
u, (ORI i (AT R Ry

{UL (t)=U, sin(at)

i, (t)=1, sin(at + @)
U UL 1 AP ATRLE | R o b
A2 i LR L R AR ARV 22

TERN DR NECEATRITEIL T . =0, MMyl
PR DR PR RIAA

(6)

RG):%UJL+%UJLum@wU (7)

A7) PR IR 2 TR, A6
mm%%muﬂ:%ﬁ%@ngkhwﬂ@%

AR B D Z A S a4 1o B B R
g | SRR H T 1) ARSI, 5 B R GE L RE
it MR
122 ZABRFAH 5 I A ALK

X A BLIREZR I — AP 1 28, SR FH X
PRoyE, IR Pr EAE A AT &
NA

i, = D Icos(at—g,) (8)
k=0,1,2
K 1 Hg, (k=0, 1, 2)73HINBIRETF . 1EF .

TP oA R E AR AL
R, JFRpREL S(i=a, b, )l FRH

S, cos(wt)
S |=F| cos(at—2m/3) )
S cos(wt —2m/3)

Kb, FEONIREEE RS L,
L5 43R (8) PSR () AT A B L AL i, 065
XN
[ :l z Si, =§Flmlcos¢1 +
2.5~ 4

%FImz cosLat —@,) (10)

S10)EWT: B R AEFRI HL R 55
B, RN 0, S8 ARSI, S

E‘E—FB%O
2 RABHRKRKHAINTRRT

ARYEE 1 3 HOSCBCRAE A Al i, AR B
HL AR G0 EL A R R i A0 0 g DS (L T B 4 v 114
RFAIE o 1A RN R G IR B A o U EIUAT A 45
I BREE , PR A TS JCIRSS & TR & A TRE
e BRI B i 28 48 v il [ U Oy 5 B
AR DT 58 . ELL AR GE ey ILEY 2 A TRIEIAY
g LA ) 5 B 2 45 44 F0 BN O B L5 4,

K 2 Fios .
g N A )
E" ‘,\ [ —o
B«\ux “&gggg Vdc _—II: Eﬁgéﬁ
—o 3 —o D
+ A c Aaux
T . " HHAH
Yo T g | WRRE B | MR
(a) ELILIN HR IEE TR 25 44 (b) LA BRAILE 1

B2 m&ELH2ELERFREREN
Fig. 2 Two most common types of DC active power
filtering structures

LA AR IRAT AL BTk e Fh s R R AL
ESCoppiiibuk syl oy IR NANE AE RS ZULNER e
LRHLT, PRI ER A RSO Hh TR S RS
IR, BRI IRZ B HRIREOR, XA
TR EA BRI TURZRES] , b2 FEEKRI Y
FRIFE. LLAh, TEDE L — H R A, R B
MRS ELR R SRR TE , (RGP S 4R T
Ak, MZS, EMIFBRASHE R R Bk
BB FIR T A T 58, Ol EA S RS
HR LI R L R ELAH A5 | AR AR B A A2 i R ]
THER AL IR0 . 207 S8 BAT A TR R . BOR LAY
DUE, (A7 A2 B 7R 52 B P T SR g . s i
TE—ANE o LREHIE, ASCBH I B A I
PEER IS

TEBEAT BT TR ISR B IR M, e
HERBREN TR AL . ARIEFEREN RN, ERA



90 i, b

E 4 $23 %

R P 5 ] g LR ORI 25 2 R b
FRL R PR R LB D B RE LA, AR RE S
R TR BRI, WE 3(a)R . %
ML T REVE T Pl aEEm | SRR, H
AISEELERETCAT A RE R SE M T 5 (H BRSO A
M EREOR, RS TR BRI, 2
3 AL S RURE, (RISl v R O i R PR U
1R 1 O e S G ] i e IR R w41
LR F R A 0 R REDCF , AR RE A BORT
LS W L, JNIET 3(b) T o iZARFMIAR R Z b
5T LA L A ] REAF AR AL, LA RERE A5 22
i L R 2E R, JCiRSE AT (HH T
TURARES 5, A5 DIFEARR B . PR EAR S
B A IR A N BT 5

(b) HLA B TR IR L
B 3 AEf#EET R ERIE KB
Fig. 3 DC filtering circuitswith different energy

storage media

TER A A BB R R M, WL R
A 3(b) s B EEF- Buck-Boost AR X 0]
DC-DC Hi %, BEfS S EL I R GE R R R 5c e,
K RELR LR A Sl A% 88 =R P LI . R IR
Buck-Boost #HfMEBA TREH N )z, (HH5 =
HLSP- XL DC-DC ZB#as A b, AFAEIF A H e
IR FREBER . AREBUNETHA R N T
SERPIHLF X8R DC-DC BBk, A SCE#E —HL P
X i) DC-DC HL A IRIE R B B

T BREITE B, TR A A RIS RGAEUE
EL RS ST AL TR AL W B, = B
INSZ R0 BRI ARG T O REH 2R G
VRIED AN, WFFEE APF+3FEE PR i AR
4 APF. APF 5 PF SRICIF AHLIMAE, {Hi T Hi
RYGAAFAERL W oy 5 (BRSO B s ), A
APF JCHATERMELL B EEE H . B, A0k $e
DIFERIAYIFEE APF AIJTHE PF 2547 54
X —IEPEREAT & B R G RE , WO S S o4
HET TSR A B LA

FETCIRIENR T, 5 8RB 5EdE | Ak
AR GH IR ORI, YEFHZ M) LC S8 H
H o LA AR A R RR = S0, ] 54
PRI M AD . A PRy 2D RIS, o
TR 7 TR R AR SC I R, — A MR T A T S B v
WURECE A RGAR B, 25 End, ARSCETHIIRS
AIEIEPATTMNE 4 FoR. Ed, L, C O IGHRES
oy, HA A RSy, HREEN T = HF DC-DC
M M, #MERES C AR It RE I T =P
DC-DC LA,

DC-HAPF

ige
R S

—>
+o

Rs

Vdc

—O

B4 REBREREER
Fig. 4 Topology of hybrid active power filtering device

3 BRE

BRI H A Rt

AU P IR (5. 7. 9. 11 )Rk
B R BRI 13 R DL ARSI
WAV T 5 v A DR R R 4 £ TR 13 IR
AN RS0, JCIRIERER B X 13 e VL 1Y
RS TR PR



34

PR, S R AR RGOS A IRIEBEEOARDISY 91

FEA DRSS o WOy S et b, EEHIRR
LB R GE TR RO S AT AN PR AT
e g3 =t G 2 S8 Hh I IR R A S R AR A 7 L
VAR R SR A DT I AN PRI T o R B ELREZR

LR v AR

A2 HLAE HL T 4%

HL R Bl LR R R A TR, DU R AGI R

e BRSO R R SRS, n] USRS E
TR A M) P P P UAL A5 X L Pk P TR 00
PEATIHER, A2 2 s S s 5 Brs .

PWM S.,S,,
WE [ s.s,
PWM S..S,,
P[] Sus,

(b) WL ]
B 5 HERAREBRKEGN2MAR

Fig. 5 Two types of DC active power filtering control schemes

2 P 7 S AR TR Z AL A A g il vh—A
RAERFZR R . — I RAEREZR LI, RRZRH R AEE
LRHLL IR ABE N BN 3 /9 VR R . 2 Bl
W RIS, (A BT, LAERZ R
PR A PIHEAT A

(D) EL B PR o SRR B BE A
Fe, SRR 2 2 i AV 80 A5 30 1) LU 4k
R HAC S Augo L0 WS %MH, ¥ Au, 50
VE2 R 2 BRI 8 LS i, 7T
TN
ey = {0 = [Vie - (1= G ()]} - Gpr ()

Gy (8) = —2

S+ @, (11)

12 K s
GPR(S): KPR +Z—rz
n=2

~ s +w

n

35 G (9K RCAGE G 2R A
G ()45 YK S FUAEL H 41348 45 4 2 0 T 2
R @, WA Ko WL K it
TR o, n WECIRR . IBEIE N TR

PSRN B EORVEFEA R BTBCRZR R B I &% o 1
Pz il e s TN IAL 6 Frs o

Kor

Ks

2
stw;

+ Krj,s irefl
0 ;
= stos
Auy, .

Kr]ZS

2
sty

B 6 FRGUKLLGIERERIGRTER
Fig. 6 Schematic diagram of proportional resonance
controller for each harmonic

TEA BN H R ) 2 MO M08
Sy T A UK S (B B HURAT K E R
RS R E PR R TTHHRORIOR s T TR
FCABAR ISCHEE R, BN EE K, BRI R
B

(2)RMEHLASH FER ISy L PTESHIAE AN
PR U, SRS H U, , 8IS 5m



92 i, b

E 4 $23 %

i o RN
{ireﬂ = (UCIref _LJC1 ) ' GPI(S)

K. (12)
GMQ:&+§-

Rt Gy (9 BB BIAS MITRFA R s K
WHBIZEG K B RE
MBS T~ +i . KT Rk
SR B I AL SR P L 75 4 3
| BB S I M, AR
T N
{d=¢d4mpr
stib, d#R % .
e P ) W ) BB R B B T
B ST EELE RS LM s BRI
W UL ok R B AR A B R e (5, 4% i,
LA BRI A 0, DT RELBE S8 500 i
SERVLA APF i, MEF SR B R, 2 Fids
S 75 o 1 38 2 T R R 5P U U A
SO, (S A TR AT T 5 B T
TR 5 B SR R 7 R P PR E T4 28
T, Hh T R T M L LA )02 13
P ARSI B BRSO R, 6] LRI
RS L S | A IS0 T4 . T el e
FEX RSO TR, B, o PR B
YR E R R IR B R L RERSR
T 2T OO ISR

(13)

4 {HEWIE

R T B A SO B AR W O A B A R, TR
MATLAB/Simulink {5 EFEEH5E T 41E 4 FiRi
AR AL RGAL, iR, BB
s PR A T L PR B ST TR, 67 2 A B I 67 AR D
HLU IR, (T ERGCHSEILE 1,

RBETR S A IRIE R 2 Ay A )
B A SO R, 1.0 s B4 17 23S i TR
FEA A Y 20 A 1 2. 4 F1 50 RS LR,
2.0 s AR A IRURHR E , 2 Pl 203K

1 REEREBREXBHIESH
Tab. 1 Key simulation parameters of low-voltage DC
power supply system

25 Bt
HRBHE V, /v 750
AR VY 450

*MEHLZS C /mF 2
APF HU L /mH 2
JCURHUE L /mH 6.519
JCIRHLA C JuF 16.65

RANE 7 PR o SRR IR R R ER IR T
WV REIT 16 V ISy, HIRERIZ0E 2.0 s
WSO I IEAERE RS 1V LA, BRAERI 25T 0.5 s
WU IR 0.5V DA, TRIEH, X
B A SIS, 2 Rz 7 SR RER A
] EL BRI RS0, I EL PR DAL ol ) o 7 3 32

BT RS
790
780 -
770
>
]E 760
2 750
740 - ;
T30 S v B A
7200.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
st fal/s
(a) HL R ]
790
780 W B
770 b BARS
> 760 - |
B 250 L
= 750 i
740 | ‘ ;
730 38U 7 P A
7200.5 110 115 210 215 310 315 4.0
it [#)/s
(b) HLIE I
B 7 S EReURE 2 MIERl AR EREE
B R S0 I I SR

Fig. 7 The suppression effects of two control methods on
DC bus voltage har monics when the load gener ates
broadband harmonics

HITERA A RIS B 2 Rl Xk Ag i
FHL PRI AR P2 A SO IR, 1.0 s BEAAS TR T A A
A A RE HRAUE R 220 V KR 100 V, BB T3S



553 1]

PR, S R AR RGOS A IRIEBEEOARDISY 93

T H I AT TG, 2.0 s RHIATR-A A IRIEDN:
BEE, 2 FEHD SRR AN 8 R, FTLAEH,
AL AN 7 B R 5 | T i (e
4V ARG, mEEETZT 1.0 s BEsigiiE
FEIEN 02V DA, HpmAsEmINS A TEHAICR

760

WA RS
755 F 1
750 MWWWW«»———————
> i
745 -
peed
740 |
735 F
0 A3t HL P90 L 2 A S P i
7 0.5 1.0 1.5 2.0 25 3.0
Fif R)/s
(a) H RS
760
W REBEANRS
755 | ’
2 !
H o745t |
=
740 |
735 F ‘
Eiﬁ%l@%ﬁﬁéf\}@i .
73Oo.s 1.0 1.5 2.0 2.5 3.0
it /s
(b) HLITFE I
B8 LZHEMBERFER 2 MEHAENERELE
L ESURRIIMEIZIR

Fig. 8 The suppression effects of two control methods on
DC bus voltage har monics when the AC grid voltageis
unbalanced

FEASTREL ML RS 5 URIE ST I [R] 47
BRI ™= A 2 IR TEOL T, 2 Bl Oy %8
GHCRNE 9 FiR, 7E 1.0 s I, A28 H s R
JE A, B, CH&AHEBIAMRES 100 V 1Y 5 KIER
JP RS IE FLFE [) st 67 2 A e 5 7= A D (R 20 A
() 2 IRGLIE . BXFIIENL T, B BRI AR
WEEHEE 17 V I8, R 20T 2.5 s #80k
I PRSI 0.6 V LAY, BEASUEBREL T Fr A 80K
HLAE I 280t 0.5 s K SO I ISR E) 4 V A4,
SUEBR T —HB 800K o #E— 25X 9(b)FFA T4 43
Brankl 10 ps, sl HIEER T H S 5 )
FEAR Y 2 RS, ASREIERRIEAE T L IO F s IR AR T E

B F5IAR 4. 6 IREUK .

790

UK FHEN RS

| e A S R M S 2

730
05 10 1.5 20 25 30 35 40 45
i /s
() BR&R L 45 ]
790
7801 PO B RS
770 |
>
1 760 -
B:d
750 | )L L
ok YR,
EE(ﬁEEEI'.WJ %Eﬁﬁsil §t:2 lﬂlﬂﬁé‘i&‘l‘ﬁﬁiﬁsz ézmliﬁi&
P05 10 15 20 25 30 35 40 45
B fi)/s
(b) BJ-2% HIR 4]

B9 ZimBMBEESHIEKE R HEME RS E
LUK AT 2 R FI AR R
Fig. 9 Control effects of two control methods when AC grid
voltage contains harmonics and load-side har monic sour ce
also gener ates har monics

o ©o
T T

S
T

=3
)
T

I 1 1 i 1 1 1

0 100 200 300 400 500 600 700 800 900 1000
P2 /Hz
(@) N U8 30 2 ¥ T ) 2% Hl 3305 0 A

FE(HEH R R I E 4 E) %
j=4 j=1 j=1

(=]

[

o

)

f=}
T

e
[
T

(=}

S

W
T

i [ ] n 1 L

0 100 200 300 400 500 600 700 800 900 1000
P /Hz
(b) N JE I 35 B 5 1 B 4% U R AT 40 A7

E 10 mREH LS

Fig. 10 Spectrum analysis of bus current control

W B (o L B L B T 43 BE) %
f=4
S



94 i, b

s

Eie 9503 %

i IR RSP LA, SRAERRZ A
L RTISRAE R4 P 304 A 0 B A e B R 67 285
A REER L IR S T HARZ R R S e, {EUR:
S R PO WA 7 B B2k A T R A B0 L BE
A R L AR TR A T OB R o PR REE L e P2
T A R Bt F AR GEIR S A TR R
WIig.

5 %5iE

AR SCEF WIS HE LU L 2R 5 Y S0 ) A
WY, B EE A PTE R T RGN EEEORE
HAGREOLEL : <25 X R IRTAE | RS I T 28 LA
o = RS- 67 28 A (R VS D D R S el #1017
Hoas AR TRARA O 2 IR, NI 51 & Hi ARk
HURE Y SEAR S0 T, ST, ARSCERX 50 . 4
B B R GESOBORIR, 320 T 1 AR A HH
LR TR & A RN IR BREOR | % Rk =
Hi°F- DC-DC 24t aiVE A IR U FRoC  LC HLEEAE
RTCURUEI PTG, SCH RSO EANHE | A
TRATE LT SU M EAEE, [ HA5 R, SRAE
RELR H R 2 T S BRI A A TR DR 8 Y
P75, REIRIE 8 BR A Ui F X g 28 R R £ 28K
5 A B BFER R SRRSO, 4 HIR s B e el
ARG HLRE T ELKF-

Sk

(1] ZERS, fRAK, WALER, . (AR KRG LRk
(1. PE LR, 2013, 33(7): 42-52, 20.

Yong Jing, Xu Xin, Zeng Liqiang, et al. A review of low
voltage DC power distribution system [J]. Proceedings of
the CSEE, 2013, 33(7): 42-52, 20. (in Chinese)

(2] KM, T, AR, A BET ERECH S BRI Y
HCIREDIFELT]. HL TR I, 2015, 30(S1): 389-397.
Zhang Yongming, Ding Bao, Fu Weidong, et al. Elec-
trical energy conservation based on DC distribution and
DC microgrid [J]. Transactions of China Electrotechnical
Society, 2015, 30(S1): 389-397. (in Chinese)

3] £, hi8, =H, . HAPIRIIIIRERN EMI EIE

(10]

WARVETT)]. R, 2024, 22(3): 182-189.

Wang Pan, Xu Hu, Yuan Lei, et al. Design of EMI DC
filter with soft starting function [J]. Journal of Power
Supply, 2024, 22(3): 182-189. (in Chinese)

LR, R, S, S5 SR HCIMIE I b AT
PN FRARROA BB A AL C B ems (7], Pl ), 2020,
53(11): 40-49.

Zhuo Fang, Yang Zebin, Yi Hao, et al. Optimal allocation
strategy for power quality control devices based on
harmonic and three-phase unbalance comprehensive
evaluation indices for distribution network [J]. Electric
Power, 2020, 53(11): 40-49. (in Chinese)

Bmens, Sk, Hidw, %. 5T SAPF (5 5
FL PR I O A A D 2k 0], R g, 2021, 54(8):
2-10.

Yin Xiaoqing, Yi Hao, Yang Zebin, et al. Optimal com-
pensation method for multi-node voltage harmonics based
on SAPF [J]. Electric Power, 2021, 54(8): 2-10. (in Chinese)
Yi Hao, Zhuo Fang, Zhang Yanjun, et al. A source-
current-detected shunt active power filter control scheme
based on vector resonant controller [J]. IEEE Transac-
tions on Industry Applications, 2014, 50(3): 1953-1965.
Dyl W B BT R EIER A aR A IR g
e g TR 000 P, G A 2 ) O A IE SR (D). L R R AR,
2015, 30(7): 72-79.

Yi Hao, Zhuo Fang, Zhai Hao. Research on source
current detection type APF control scheme based on
vector resonant regulator [J]. Transactions of China Elec-
trotechnical Society, 2015, 30(7): 72-79. (in Chinese)
oA, RS AT IR BB AT S BUIRERIA D] BT
F1RE 2023(5): 35-39.

Deng Jia, Li Zewen. A review of the research status of
active power filters [J]. Electrical Engineering Materials,
2023(5): 35-39. (in Chinese)

EE, mal, FH, S AR IR TR BR
SRR RS S, 2019, 47(1): 177-186.
Wang Xue, Gao Yunguang, Lin Lingyan, et al. Research
status and prospect of active power filter [J]. Power
System Protection and Control, 2019, 47(1): 177-186. (in
Chinese)

B, IR, R S B IC H AT SR R L
[1]. FBRIEAR, 2014, 38(9): 2582-2589.



%3 PR, S R AR RGOS A IRIEBEEOARDISY 95

Zeng Jiasi, Xu Xidong, Zhao Yuming. Reliability com-
parison of AC and DC distribution network [J]. Power
System Technology, 2014, 38(9): 2582-2589. (in Chinese)

[11] £ o, BOWE2R, BT, 458, Mk BLURACH M SCIE ik
P S ZINRFPELT]. RLRIER, 2017, 41(6): 1726-1733.
Jiao Jinrong, Jia Qingquan, Wang Ning, et al. Ripple
formation mechanism and superimposition characteristics
for flexible DC distribution network [J]. Power System [18]
Technology, 2017, 41(6): 1726-1733. (in Chinese)

[12] TR, THE6T, S, 5% = HF NPC AU IRRLE 4% 1
M 3 2 3 0K U5 9 WSS (J/OL). HL IR A AR, 1415,
(2024-04-26)[2025-02-08]. http://kns.cnki.net/kcms/detail/
12.1420.TM.20240425.1641.004.html. [19]
Wang Qing, Yu Deshuo, Yi Hao, et al. Research on DC
side active voltage equalization method of three-level
NPC active damper [J/OL]. Journal of Power Supply, 1-15.
(2024-04-26)[2025-02-08]. http://kns.cnki.net/kcms/detail/
12.1420.TM.20240425.1641.004.html. (in Chinese)

[13] Pei Xuejun, Zhou Wu, Kang Yong. Analysis and calcu-
lation of DC-link current and voltage ripples for three-

W FL LR ZR A PRSI D], R RUREOR, 2019,
45(8): 2562-2570.

Zhu Xiaorong, Chen Chaogian, Zhang Yumeng. Compr-
chensive control strategy of grid-connected current and
DC microgrid voltage under unbalanced grid voltage [J].
High Voltage Engineering, 2019, 45(8): 2562-2570. (in
Chinese)

Li Sinan, Lee A T L, Siew-Chong-Tan, et al. A
plug-and-play ripple mitigation approach for DC-links in
hybrid systems [C]// 2016 IEEE Applied Power Electro-
nics Conference and Exposition (APEC). Long Beach,
CA, USA, 2016: 169-176.

IR, KW, A, % SCETIRA RO M B R
2% L TR S P I 7 EE [0 MR AR, 2017, 41(9):
2896-2904.

Guo Zhen, Yue Quanming, Guo Li, et al. Control method
of DC bus voltage ripple mitigation in hybrid AC/DC
microgrids [J]. Power System Technology, 2017, 41(9):
2896-2904. (in Chinese)

phase inverter with unbalanced load [C]// IEEE Transac-
tions on Power Electronics. 2015: 5401-5412.

[14] Chen Zhong, Chen Miao, Luo Yingpeng, et al. Low
frequency ripple current compensation with DC active
filter for the single-phase aeronautic static inverter [C]/
2011 IEEE Energy Conversion Congress and Exposition.
Phoenix, AZ, USA, 2011: 1468-1475.

[15] T, 2555, 5K, 45 FET SiC MOSFET =HL - Buck %
gt e FRAAEMHRIBTILI]. B IREAR, 2023, 21(2): 1-11.
Yu Yue, Li Wei, Zhang Ze, et al. Research on voltage
spike suppression of three-level buck converter based on
SiC MOSFET [J]. Journal of Power Supply, 2023, 21(2):
1-11. (in Chinese)

[16] AR, SR, FIRE. —FAF 80T Bk
W B R kst il vk (7). TR 244, 2018, 33(15):
3437-3449.
Zhu Xiaorong, Zhang Yumeng, Jing Shuzhi. A voltage
ripple suppression method of DC microgrid under unba-
lanced load [J]. Transactions of China Electrotechnical
Society, 2018, 33(15): 3437-3449. (in Chinese)

[17] 2RIGE5R, BRWIE, TKRFEE. AT S H R T B

fEE BT

; AAER(1984— ), B, ML, &
RTAEIN, BEFETT I ER A .

E-mail: zhlijianbiao@126.com,

BokE(2002— ), B, PEHEE
Pt R By, RN, BERESE.
N ST I FAE R A PR . E-mail ;
666666@stu.xjtu.edu.cn,

PREE(1982— ), I3, ®it, &R
TR W57 1) - ELIECH B o B-mail :
chenyong@gdzh.csg.cn,

REGE(1995— ), B, #t, T
R, WHFE AW HRECHAE . E-mail:
wuhongyuan@gdzh.cgs.cn,

BT 25 (2001— ), 2, ThEHE
SO O B WA A ARSI
L BE T = 5] o E-mail: frkang@stu.xjtu.
edu.cn,

EL(1962— ), F, hEE R
SEmgahy, WA, #ER. BT
HUTHLT, FRERUEE, AURUEN, o
Mz, 3 ATk HY AR 2% o E-mail : zffz@

mail xjtu.edu.cn,

(GEAEZt . FELEL)





