39 B4 5 W R &K #E R ¥R Vol .39 No.5
2022 4F 10 H Journal of East China Jiaotong University Oct. , 2022

X EHS:1005-0523(2022)05-0105-07
— MR 5N SUR FR i Y [ i R HEE

FLA R AR ] sk IR

(TERAZERFEEARE A b TR, 7T 75 S 330013)

BE AT TFALTRBRAMNBANHELE AT ROCHE TR BRAARFGERNL AR TREAT L BB T —
ARG AME RIS ZE R EEE SRE W AR, E TR SO R A T TR ROk A, S A A
PR R AR T AN B ARk R, ERE IR LMY ERANXEFT AR E SO AWE &4
DBARREFHAKT LT F, BET —660-80 VIrA FMAMBEVLEZOV AELHF S W ERAFN, LI RBET
P 32 T R B AN b, 9589 ST AT PE R 32 36 4 M7 89 B A M

SEEIA RS T B SO R ROR B AME %

RE 5 &S . TM46 MERERERS A

AR A 24k R AR E . — A AR N SO A 0 R T e BT 4 A R K IR ,2022,39(5):105-111.

DOI:10.16749/j.cnki jecjtu.2022.05.001

A Flyback Converter with Low Input Ripple Current

Yuan Yishen, Liu Wei, Liu Wenqin, Zhang Zhiqin

(School of Electrical & Automation Engineering, East China Jiaotong University, Nanchang 330013, China)

Abstract: Aiming at the problems of electromagnetic interference and shortened service life of input source
caused by inherent intermittent ripple current on the input side of switching converter, a passive ripple compen-
sation circuit for flyback converters is proposed. The circuit is composed of transformer, diode and electrolytic
capacitor. Under the designed ripple suppression condition, it works in a similar flyback state and generates
compensation current, which effectively suppresses the inherent intermittent ripple current on the input side. On
the basis of explaining its working principle, the parameter calculation methods of system gain, suppression con-
ditions of ripple current and related variables are deduced by using the formula. An experimental prototype with
60~80 V input, 30 V rated output voltage and 65 W rated power is built. The experimental results verify the
feasibility of the proposed passive ripple compensation circuit and the correctness of theoretical analysis.

Key words: flyback converter; ripple current; passive ripple compensation circuit

Citation format:YUAN Y S,LIU W Q,LIU W,et al. A flyback converter with low input ripple current|J].
Journal of East China Jiaotong University,2022,39(5):105-111.

B e R ) R A B B A Aas AT IR B PSR 4RO 1 B A 9 ) S AR R A ARl s
HH 455, BRES AL A N BRI A BT O R IR B AT RYEORORIE Y, SR, BE A T G L IR e AL AL

Y55 B H:2021-11-30
EEWB : [HZK A AR I T BN A (52067007)



106 F N ]

Jo

FF i 2022 4

B & R, JTOCHE $ 5, PCB A J5 B 5
B2 T AR g T OGS AR 7 A 1 [T A S0 L il
R B R T 0 g i ™ i | i R AR B 2
VL A5 L i AR T A ) 55 H R B e A O 2 IR AL,

g T A AT SO TR R HL A U R A
SRR | 5 4 d ) B O v B R R A A AR e b 2
Tl Bk U2 T BOR G R PR I T DL G Uk
ZH L LC I8 8 45 Ok ol B 12 ) RS-0 3 7T S B S0 H
DA, H S HR IR AE DR B LC UE R AR R
R4 [P)™ FES)E 9 ah S0 F O R T
KA R T ZEMTCIR T S WA,

AR 7 %88 e R A TR A T B A A /N
TCIR s AF R A, DR BT BN T 4R B R AR
AT N Lai SE% X MUY B A boost PFC
R A N PR SO R A IR, 3R — MO O
HIHL 25 20 A 1A U5, ST AN Sk
DT R E G e R R R O R A A R
KRG MWFEEA R . Mao G —Fp L F 2
Pr H3 B& 19 DC-DC #iFh , 38 2o 14 # A 5 S0 H I #b
B SO A G P 07 X A R A ) T b
Ui 1) SO H AL, HL 1% 5 ¥ A Ak B 3% 2 0% L AL
LM S SRR 32 F B A 1 B SR BR A
AR 7 ZE ECIE T O L TR s A/ B AR T T E A
o (H H B A B ROAS i AR R L R Gt E
PE2E E LTE 42 17 38030 Bl TAE HAGE & TAETE /D
AL

TCURTT G S — M A F 78 T #i P JRG L SRR
VR AR A 3 A S ARSI R Y T 12 T R
A A TR ARFE/DN 5 TR AL R R ST A 2] T
JZ ST Chen S5 52 802 46 2 i A0 [
A 1 W2 B0 AL, SR RS B vl B 3 T SR A
HL e, A s TARVE 98, (B S0P i ROCR 5
SRR RAR S REOTH 2y, BAME RS i
% 22 [R5 o @k A AR T BRI T R
PE o BRI e a8 LA A (1Y) Sz 00 e s SR )
P TR T IR SO A R B, R AR g
TE RS M T R AR ROBCRAE T
R S 7 2 T RMER AL AR R RS T T S
P AW SR A A . LA S T AR ORI

o TR AR/ A Z A R S R
PR 1 TAR B B R

1 HIMERR TIERE

1.1 #RIEH

JIT 4R H A AP A S0 R I Y B R e A G TR 1
JIE 7 H TG IR SR F, % A% 458 S H, 6 T 9 4
A, FHor, JCUR SO AME L PR LAY G, B R
BT, N D, R B AR AR TR AR Ty R A G,
I B 5 B2 5 P B Pl £ R R RS T R Q) A
D, i g EE C MK Loy Ly Ly Lo 53 5000
Ty, Ty 1 il 0 PR JE% 5 s JB

lin Ik L

Lo wyy L D, im
U CZ , T !
2 Limi 1 uo
L Ci Ry
U Ly Ul ml
1:N,
Linp T, D,
Ui,
U,
U Lwo b2
1:N,
s T G
Q0
Uy L Ues
1:N; ”

E1 REMERBANSKBRNRBTHRES
Fig.1 The proposed flyback converter with low input
ripple current

1.2 ITERIE

TERAE Q) R PWM TAERLS AR 28 TAETE
B, — RN AW TARIRE, £
WITAEPIE A 2 s, il BB TR, 2K 3
JE ug; FA2 A Ty 09l 4 A 88 L T wag  J0 22 T JR
Ly WY HU i JBIRE HLIAE 5 23 000 00 ) 38 AR
Dy, Dy IR i1, 000 28 FEAS Ty b 0 il R FRLJER 1 A F
JE o I3 B Lo B HL I 200 SN BE PRV 005 0 A
FLU ino

AT R BRAE RS TV 5 T, 46, oy
S ERARER A, PO I RS e e i B S
WL u, 5 NEE U,,C 5 G i R fE
Us,, 85738 s A5 169 T % P, 30 25 R00Oh 48 S % B A0 L VAL
1.2.1 TAERE 1to-t)] -Q, T

A g A A I AR RS K 3 (a) I e,



A A — A AR A SO Y SO 107

%5m
u}iﬁ
t
Upm1
t
-UyN,
ikt
.O t
Liml
0 t
l_m
Ly
0 l
U
UJN,
0 l
e
0 ¢
Iu2
0 t
i
0 t

T, DT,
Lo [ 1, I3

2 FTERE
Fig.2 Main waveforms

W2 HF A O S, W Dy, D, W AR ERR T,
T, o Se 41t e A €, [ 13k R, BECRE | BL
il B P IR i s e 53 ) 5 U B LU 10 AH AR 2
AEAS T, IR R uy, R A

_ . Lkl
gkl (t)_Uin Lk]+Lm] ( 1 )

A wyy BOE M IE 2B R 8S T IR H 2840 FL IR 0y
E R ERIK T HL IR L, BRI

SRR, WA Cy SVEIER Ty MRS
A8, ins B8 e, /Ny, A HE /R 78 5% FiL S A2 L 8000
IS B 1 AE TS T (R K 0 5N

| ) y
()= Uy, 0=y, 0| 25— (2)

BT G5 G EEN U, Prdsld w4
T, G5 G AR AR Ty ISR AR A OG 2  HLIAL i SR
fi] LT 0 SO LR a HEATADMES

Ay T B TARIRES S A8 A% T 2L, i
HLJER Lo ffFFRESRE , AT LA 2 A D, 193 H R wi,

’ 1 L
in(0)=UsNa| Uty (0) =~y (0) |+ 25— (3)

LA B R I R R D, A TR

1.2.2 TARIREE 2 [ti-t,] —Q, K

AR AR A A ER R TAER S W E 3(b) s 1,
B ZIJF A8 Q) Kb, 4 D, ,D, S8 . 6FEAE T,
{1 3l 0 R UK L TP R S R R A AR Dy T R
3R, B, Jil i SRR R 1y AL M —u /N, T
MLV dp IE TR N B RIS A AE T, 1 Il H
B Lo, PR RE Bl ok W D, R R, B
T, Dl R P SRR P R a0 B w0/ N, Bl R LI 40
RO TR, 585 R AR, BT HRE C
MIFETE Y R Q) KW A8 AE IR Ly Y
RE L Ty MRSl 2 Cy B, JFRE W
Ui LAY Cy FIE s T B30 M S R4 06 . 1% TAF
RE TR wy, une 743 BFER N

Lin Lk Ini

lie g L i
c Dy
Uy 2 77 I "
0
L C] RO
uge L Ul ml
) 1:N,
Un2 T, D,
U,
TR Uy
].'Nz
Lin3 T; G
O,
Uns  Lus Ucs
1:N; Uy
(a) Working state 1(Q, is on)
Uiy Uikl It
L Uy Ly .
D, iy
U CZ i T,
Lml 1 1
I Ci R,
Upo Lk7 Upmi 1
1:N,
s T D,
Ui,
Up Lo U
I:N,
Ung T; G
QO
Uz Lus Ucs
].'N3 u

(b) Working state 2(Q, is off)

3 AANIERS
Fig.3 Two working states



108 SIS N i NI = o 2022 4
_ 1oy Le 1 . dipg dipe _ 1 (-1 Lo |
uLkl(t)_(Uin_u(Z(t)_Nz Uo ) Lk2+Lnﬁ N3+Uin+ N] Uu uC3(t) dt + dt - Lk2 N2 Lk2+Lm3 Uo )+
(4) 1 N I |
3 m3
1 I '(— 7'U0+7'U0):O (12)
uLkZ(t)z(Uin_u&(t)_ﬁUo )ﬁ (5) L No - Litla N

MR B A F, AT RIS w50, LU i I
[ 2R T R o T wps B s PR S A P 25728 T i 1R ZE L
A ) B R AR
2 Mmoo

AR A A T L U R T 1 A B0 T 2 1 0 Y D

W, BEXE T, B R REHUER Ly AT

Lkl l]o .
Ly+L,, N, )_O (6)

M TR L AR/, Z At 15 B A
LIV S B PC e iU EST

U, D
U, 1-D (7)

i LA 5 1 0 S A e i 10 P T Y A —
0, BIVIE WG IR S0 A L s 5 BORUE a9 T AR
HAR,

3 QUKEBIRIEIEMEST

ZH K 3(a) A TARRE 1T RSB 851 H 0]
I 77 # =X
U (1) =Ui=ttpo (1) =t (1) ~ty(1) (8)
ues () =Us=tta (8) =g ()= N3t 15 (t)
Xof b 2 ZE A P 320 TR) P S B4, O AR 40 v SR AR
b o L, Ak T 15 5

ucs(t)=uc(t)=U,

D-| Uy |+(1-D)- |-

=N,

9)

T HRARIEAGERZ, FPhRMEL T 2R

/N A SR A I )R S L U, S

TR B A P % S5 B0 0 AL 3 40 1) 9 e ¢
I PR K A 8 S A Je i 09 i A HLIAL s, DB O R
SE B LI, B ZOR AL AR 0, dL i

diLkl diLkZ

WA T O (10)
B (1) 5R(2) 3(8), f TR 1 F ik
diLkl diLkz _ Uin % . 1 _
dt dt Lk1+Lm] - N3 Lk2+Lm2 =0 ( 1 )

MRPE(4) K (5) K@) FETARE 2 T, %
SRIMAED R Ly L0 wpg FIE B i LR
dipa/de 9 IE DIAESE I IR i B9 BB AL RAS iy B9
IEARA AR T A RIER

et 20 (1) 30 (12) , 75 21 I8 I8 SUBE A o
AR BT ISt B 80 v U 400 o Y 8 BE AR
Lyi=Ns+L.y
Li=N3* Ly
N=N;-N,

4 HXEBOSHTE

NI 2 TTF Y TC U S0 A BT S 337 #
ar RN B T IR i A d BBOE B3 T
HLVR o P i, BTN A8 TR AR A AR A A B 200
O E AT

K 4 e sy T, 195 SR 2 I IR i iy M2 A
N ZARE R o BB o L on, Do o 737 0 2R 78
W i T2 TARIRES 1(T,,)  TARRES 2(T0) WYY
1B, A on s Adpa o 73 7R LI i 7E T, T PIEO7ZE
Ptk Iy iy Ady o 73 32278 HUTR iy 7€ T T2
B A2 4k sbions 1oy L2,0n s Looff 3 ) 2R AN TR R 2
La.on P L FE7R T ROR S A G S [0, g 75 8 S0t
AR AR E

(13)

iLkl AiLkI on .
Liml
.
Ipi
Lo .
o I, Ay o
LK1 off
0 t
Iy
Iy Ay
0 ¢
To  lam Ty Lo
to Lion Ui Lo 12,
0.5DT, 0.5(1+D)T,

B4 TEFTHEXEBERHENE

Fig.4 Visual diagram of related current of transformer 7,

Kl S A8 e Ty AE T PR T B SEA00H i
HRy Fn — MG LL B FL B R, R BR AR R ALY
BHLR' L iny 53 90 278 R S84 47 55 3] — Al i
SR G QI U Ay G R T A B U R
R i 5 B 300 5 RO U o TRD IR O 22 Dl Pl U
Lo, S5 4 RBARERR I BT i 22 9 iy — 2, Al 81 ok
AW



55 4

A A — A AR A SO Y SO 109

Ui =tatintt € (L1 oty Lo or)

i =Niips ( 14)
Y T T A
Ui
L.
R,
1’ 2

Bl5 TERTHTRELBK (T
Fig.5 T-type equivalent circuit diagram of transformer
T\(Tur)

RRAGHTY T IR, LA T, TARE RECIR A 7
FEE BB G 2R AE T, ATRIE T N AR
Wi 5 i FHAE S G 48 5 X RS DA
LINNESEEEe

U,
I,

“=2(1-D)

. . . 1 ..
it (b o) =p1 (B2.o) AUt =1 p1 ot ziAlm o [ (15)

. U,
ALDI,()ﬂ':m ( l_D ) Ts‘

[ FE BT X T WA TR Ly, R IE K 4, 25 4 28
4).X(7).KL13), 6

. . . |
Gt (b1 o) = (o) = A =1 ,oF?ALLkI off

Lt (16)

AiLkl,uff:ﬁ' LiotL,s
BEXT I ALK Ly, AT RN RE VR IR 4 TEJAIH T
PR P A5 T LU i AE T, B BE ISP 2 (E
HHAEHD
Gmi=l o (17)
FRAE ATV 28 L 5 Tiaon s Do It o 2
[BIH99C &R 45 aal(14)~30(16) , 753 51

U=, 0= N1 Iot ot L ot

(18)
iin:]in:D .ILkl ,on+( ]_D) .ILkl,nﬂ
fie =453
I o=l N+ IBD %
I (19)

T ,oﬂ:[ W=V

A5G0 88 iy 75 T, W22 i N
U,

Ly L

Z M (15) K (16) A (19) .2 (20), KK
ﬂ [/J ‘i"[‘%: ":lj [Dl Loff 9 AiDlwoff; AiLkl,oi'}"ILkl.on 5ILkl Loff 5 AiLkLon
AR, I 2E— 2B SR A% i, o » e, e 20 3 TE AN ] Y
T PR A A N R = (1B I TN ==
FEMLBE T B A 1 e A

AiLkl on—

DT. (20)

®1 HETEENRZERX

Tab.1 Expressions of several variables

Variables L1on Lyor Lot L2,
i Taont 0.580 14 0, T o=0.5Ad s o L1, t0.5 Ak T 0.580 4,
int»in 0 Iy r+0.5Aipy It 0.5 Ay 0
ina LT = 0.5 Ay L=y art0.58i 1 o LT 0.5 o, L=l ot0.58i o

5 SRIRISIE

T I BT AR R B T R O A AR 4 i
VBT, HIE T Rk 65 W IS FE
B, BENLSECaN 36 2 iR .

6 S I $ A A SCI H 9 1) B 3872 6 4 A 5
SERTARE T A ER 70 V B RS TR .

W AR 4, BOSF-YE 2R 1.02 A LUK
102 mA, /BT i FIIEIE LR 2.85 A ups IR
250180 V £ 6800t LA I ERA TAER
BT ine MFPRY iy, BRRR LT B A R, B TE
VRS0 M L 7 A ) T B P U a0 KT S B T R PR
T i AP B AMERICR: , R T 5 AU T4

F2 HNSH
Tab.2 Parameters of prototype

Experiment parameter Value
Input voltage U,/V 60~80
Rated power P/W 65

Output voltage U/V 30
Switching frequency f/kHz 138.9
Power MOSFET Q, RCX100N25
Diodes D,,D, FSFO5A20
Capacitor C, 220 pk/160 V
Blocking capacitors C,,C; 33 wk/100 V

Transformer T, N=1;L,=241.8 H;L,=1.3 pH
N=1;1,,=242.6 H;L,=1.2 pH

Ni=1;L,5=1.68 mH

Transformer T,

Transformer T;




™
3
1

110

FF i 2022 4

U/
(25 V/div)

i/

2.85 A (500 mA/div)

iLk] /

(2 A/div)

iLkZ /

(2 A/div)
t{@Adjns)div)

(a) Waveforms of u,., i, i, i

w,/

(25 V/div)

u,/

(10 V/div)

un./

(100 V/div)

iLkl/

(125 mA/div)

180 V

102 mA
t/(4 ps/div)

(b) Waveforms of u,.,u,,uns, Ai,
B6 HRBSLKIMEBENNHTHRBENIEZETERRY
Fig.6 Main working waveforms of flyback converter with
passive ripple compensation circuit

K7 MAEAR R S50 N AL 58 ROE 2 AR S
TAEWIE o 43 B FE A Q) MUK B i T w,, it Al
JE U, Q1 B3 HL . wn, IR LU iy o MBS T 8% FEL UL
i FOIETE 200 3.7 A uns FIZRIEZ) R 300 V,

w,./

(25 V/div)

u,/

(10 V/div)

up./
(100 V/
div)

300 V

iLk] /
37A (3 Aldiv)

/(4 ps/div)

B7 fFERkEETHEEHIERRY
Fig.7 Working waveforms of traditional flyback
converter

XHECIE 6 S 7, FEAL S8 RO AR A HhoInA TG
RO P AMEE R BRI S, A LA 4, DB 3.7A
FRY T £ S0 P DS R MRS 102 mA A9 F- LU AR
Ui, SO FAD R (y=1-44,)'/Ai,) KB T 97.2%,
X e B TG TR S A v i R A A e 1) I A ) 2

BOIE T BSOS R IE R E . BRA TR 0 1)
R 300 V BEE 180 V, FRWH JCUR LUk A2 i
1) T AR5 BB 98 A 80 i T G i e 2R 0 | sl /NI 6
HL RV A7, JB/INTF R AE .

8 MTER A 70 V BE i LUK 30 V
e A 65 W IIENL R, i AT IR SUE M
FL TS, B A R, P9 B3R AR 1 T B BT R Dy
9~30 kHz, MLEEAIHN, A TGRS0 #ME2 L I, 7E
AL PRI N i, BT IR K iE T
R, L IR OCHIR £ AL T HE N R T 29 30 dB,
TEBH T BT 41 e B X 23038 R 3L 0 361 1 A R0

B9 Mt AHE 70 V i R E B OLR
T S 4 g v N TG VR 0 T R A L B Y R S
RGRCRXT L, RTUUE A TR S0 R
BB R, RRAERE T (<27 W) I3 R s A A
(B 7E w0 4830 [ A R RO ey, T i 1Y
R 88.4% 4 THE] 90.6% , i B TGV 20 I A
% 30 L A O OC H R AR W RN TR G AR, SR

Traditional flyback

Flyback with passive ripple
0 compensation circuit

10 10° 10° 107
JTHz
B8 i, A S5 X b B

Fig8 Comparison diagram of spectrum characteristics of i;,

100
Traditional flyback
Flyback with passive ripple compen-
ati ‘ireuit
95 sation circui 90.6%
N
=90
85 88.4%

80
15 20 25 30 35 40 45 50 55 60 65 70
Po/W

9 HEILLE

Fig.9 Comparison diagram of efficiency



%5m TS A IR A SO AT 0 B 111
6 %Zip characteristics of three—stage chbr inductors[J]. Journal of

DA 078 $5 25 S 49, At % fi A0 1A ) DRI 8 &5
PRI, B — G UR SO A L B O HEAT T A
FT AR LU 258

1) J3# T AME R SR A A5 3 1 R 5
W MBI LR A G 25 1F 45 TR R THRT

2) SEEREN SRR B S0 A VA AR 4 i
LR DU T 548 5% W v T A U | i 0 81 O T ]
P AR AR BRR

3) KL miA RGREE . b THRMABEHAL 5
T FE/N 5 RO A B9 AR BN

B % 30k

[1] HEWTBA 228, 4157, 5. CR200J A 3l Jy Z2 45 i s 5% 5
T 5 53 (). %45 i ,2021(1).87-91.
KANG M M, LI H,LAI L,et al. Field test and analysis of
conducted interference of control power supply of CR200J]
power vehicle[]J]. Safety and Electromagnetic Compatibility,
2021(1): 87-91.

[2] #EAE, KEE. S 4444 BTM B4 s B+ Uy 37 it
FEN). BRiE A4 ,2016,38(11) :75-79.

GUO Y H,ZHANG ] B. Research on electromagnetic inter-
ference protection of on—board BTM equipment of EMU[J].
Journal of Railways,2016,38(11):75-79.

[3] TSt HLA PWM 2 5] 30 48 4% /9 /L 2 T4 U 5¢[D]. b
H oAb A R, 2010.

YU X D. Research on electromagnetic interference of loco-
motive PWM traction inverter[D]. Beijing: Beijing Jiaotong
University,2010.

[4] AT 3, e 2R, B 20 0 . IF OG e U e el B 5 i TR0 43
Hr[J]. M4 ,2016,14(6) :87-92.

YU S,XU Z W,DONG ] Q. Life prediction analysis of
electrolytic capacitors in switching power supply[J]. Journal
of Power Supply,2016,14(6):87-92.

[5] ARAF4E  RE O, X 4y, A5 6T LC U8 5 20U 78 4t b Bk
AR A BRI, R TR ,2021,55(7) :57-59.
Z0U C Z,BI H D,LIU J J,et al. Development of DC con-
version rectifier for metro vehicles based on LC filter[J].
Power Electronics Technology ,2021,55(7) :57-59.

[6] #4x ¥ , SR A, 00 R85 45, —Fh BT 3 LC v v i 1
A HEI T AR B A sl ki ,2016,36(8) : 70-75.
YANG J T,LE J,LIU K P,et al. A dynamic voltage regula-
tor with two—stage LC filter circuit[J]. Power Automation E-
quipment,2016,36(8):70-75.

[7] LI X Z,ZHANG X. Design of LC filter in synchronous buck
considering power loss and cost criterions using particle
swarm optimization[C]//2019 IEEE 13th International Con—
ference on Power Electronics and Drive Systems (PEDS),
2019.

[8] 2 LA BRJl , B YL, =2 CHBR LB 400 R PR F 5 [J].
MEIRAC I K ¥ 224 ,2019,36(2) : 119-125.

YUAN Y S,CHEN X,MAO K X. Study on magnetic loss

East China Jiaotong University,2019,36(2):119-125.

[9] LAl C M,TEH J S,CHENG Y H. An efficient active ripple
filter for use in single-phase DC—AC conversion system|C]/
2017 IEEE 8th International Conference on Awareness Sci-
ence and Technology (1CAST),2017.

[10] MAO S K,GAO C Z,LU Y F. High bandwidth DC-DC
converter with active current ripples injection[C]//2019
22nd International Conference on Electrical Machines and
Systems (ICEMS) ,2019.

[11] MICHAL VRATISLAV. Switched—-mode active decoupling
capacitor allowing volume reduction of the high—voltage

DC filters|J]. IEEE Transactions on Power Electronics,2016,
31(9):6104-6111.

[12] ZE i, — Pl Bl g (1 Sl A oA I8 A 3a 98 B AR [T]. A
A, 2021,61(10):1308-1315.

LI H B. A new bandwidth automatic calibration active
low—pass filter[J]. Telecommunications Technology ,2021,
61(10):1308-1315.

[13] CHEN Z Y,ZHOU Q,XU J P. Coupled—inductor boost in-
tegrated flyback converter with high—voltage gain and rip-
ple—free input current[J]. IET Power Electronics,2015,8
(2):213-220.

[14] SHI C,KHALIGH A,WANG H Y. Interleaved SEPIC
power factor preregulator using coupled inductors in dis-
continuous conduction mode with wide output voltage[J].
IEEE Transactions on Industry Applications,2016,52(4):
3461-3471.

[15] YRR, F 4k A i, 55, — FhoBi 2L 0 24 75 8 LCL
&P AR BT IR, DT HOR ,2021,55(7) :39-45.
XU C H,WANG J C,BAO L C,et al. A new design
method of split capacitor LCL filter[J]. Power Electronics
Technology,2021,55(7) :39-45.

FE—1EE 2 WE1974—), 5 8 L S U o
JIHF R G REHFAR , E-mail:cloudstone_yuan@aliyun.com,

BAEESE XL (1985—), 53, W LR A4 BF 98 75 1) S v )
5 1% 3, E-mail :410551796@qq.com,
(TTAT S - 3] AR )



