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A Flyback Converter with Low Input Ripple Current
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(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.
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Fig.1 The proposed flyback converter with low input
ripple current
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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 (), RCX100N25
Diodes Dy, 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;L,,=242.6 H;L,=1.2 pH

Ny=1;L,5=1.68 mH

Transformer T,

Transformer T
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Fig.6 Main working waveforms of flyback converter with
passive ripple compensation circuit

B 7 RAEARTE 64T A% G0 SOs e 2% ) B2 S
TARWTE . 50 BRI A8 Q) MRS L w, i i e
JE U, Q1 13 HL R e IR i oGS I 2% F 00
ina BIUE(EZI N 3.7 A ups BIZRIEZ) R 300 V,

../
N, T I, T, TR
Y Loame $ u,/
I (10 V/div)
300 V
el T
g W U H Y

%—-«h P@ Ah h» 6 i)

/(4 ps/div)

®

7 EHERHTHRBFNTIERE
Fig.7 Working waveforms of traditional flyback
converter

XFELE 6 5 7, FEAL G0 AR g i A
TR SCE AN LR S, AR G, BTIE(E A 3.7A
14 W7 52 800 AL O AR A (LAY 102 mA Y3 F EL
W, B IR R (y=1-Ad, /AL B F T 97.2%),
X % B TG YR 20 Ik I e [ LA A A 1) S0 I

BCEUE T BIS M IE R . AR TR Q1
ARl 300 V FRZE 180 V., 3 B T IR U #M: H %
1 AR R P RE 98 A R 1 T 5 Ha IR 2R 04 | /NI 5%
LR N 7, I8N SR FE

Kl 8 SHFER A LR 70 V &0 it HL U 30 V
e T A 65 W MIENL R, I AT IR SUE A
CENE S ISR TN R OE /L E SR DO N A SR}
9~30 kHz, WLEZE AT, A TCUE SO #ME L K e, 7
AL F TR FE N i, TR IR R E T
R, JCr R OCHR £ AL T HE N R T 29 30 dB,
TEBH T T 442 v B X 5038 R 3L 0 A 1 A RO

B9 N AHE 70 V i ESE IR,
T 7 A i v L TG VR S0 R R B T
RGRCRXT L, R TR W A TSR S0 R
LR , RRAERET (<27 W) IR R g A AR
E 7 H B 8 P R RO e, Tl 2R Y
R 88.4%4R T F) 90.6% , Ui W JC U £ i A
%0 o A O OC H R AR W R T G AR, ST

Traditional flyback
— Flyback with passive ripple
compensation circuit

i/dBA
A
(=)

oo Il Tl H
10 10° 10° 10
JfHz
B8 i, SRR L B

Fig8 Comparison diagram of spectrum characteristics of i;,

100
—=—Traditional flyback

[ --&- Flyback with passive ripple compen-

95 sation circuit 90.6%
® b oy b DTN S SEEE S
=90~
A\
851 88.4%

I N (N I N NN N N B
15 20 25 30 35 40 45 50 55 60 65 70
Po/W
9 WEILLE
Fig.9 Comparison diagram of efficiency




%5 TS A IR A A SO R T Y SO 111
6 %Zip characteristics of three—stage chbr inductors[J]. Journal of

DA ST 078 f5 25 DA ), At % i A0 T A DRI 28 &
P, AR — TG U SO R 3 H B O BE AT T
AR LR 4iE

1) 3# TAME SR R T A 3 T RS
SRS LA S5 1F 40 T AR R TR

2) Y45 AR WA AL SCIE L U A 1 RCR B i
LA U] T 548 S W v T AQ U | i 62 281 O
$ e AR AR HO RO

3) HLmiA RGREE . b THEMAB AL 5
T B PR/ 5 R R 0 AR EOR S

SE

(1] FREHTHT 2= a7, 5. CR200J %4 3h Jy 28 44 il i W 4% 5
TG MG 730 [)]. %4 5 Ry ,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] EE, k&5, )44 440 BTM B & s # T By 37 it
FE). BRI HE,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] FWeFt. ML 4 PWM 42 5] 30 48 2% /) L% T4 0F 52 [D]. b
A ARt AZI K% 2010.

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

[4] A7, A5 FALUE . JTOC L IR b L A A A T
Br(J]. H R4z, 2016,14(6) :87-92.

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

[5] AB A4, Bk O, 4 b, 45, T LC 8 I Bt 28 45t b
R AR B R AR [T, FR 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] ¥4, IR, X FFHE A5, — B FA B LC sk v % 1
AR TSR] BT B ik 4 ,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] & XA Wrjil , B WL, = 2% CHBR LB REH0Re PR 52 [J].
HEAR BT R 241, 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] LAI 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 (i1CAST),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] ZEfyi . — Pl Bl v 1 Sl R A D58 98 D AR [T]. A
AR ,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] VFRMT, F 4k A ar i, 55, — Rl 2L 0 24 75 3 T.CL
DEWE A B T L)) My EOR 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 B E(1974—), 5 88 A S OO R
T FRG LR HAR . E-mail :cloudstone_yuan@aliyun.com,

BAEMEE X (1985—) , I 1 L WF 5 A BF5E 5 1l v
5 %3, E-mail :410551796@qq.com,
(BT 4 i - %) A %)



