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Abstract

Many industrial regions has used and extended the application of LED driver because of many advantage. Specially,
due to the simplicity, miniaturization and power density, the flyback converter is selected by a lot of power engineer.
Also, the electrolytic capacitor in this converter is used for the constant DC voltage of the converter because of the
sufficient capacitance and the economic price. However, because of the characteristics of the electrolytic capacitor and
ripple currents on the converter. the expected lifetime of the LED driver is more and more shorted. In this paper, a
single-stage CCM PFC flyback converter with the film capacitor is suggested to extended the lifetime of the LED
driver. In addition, the proposed converter with the LC filter is decreased the ripple current of the converter output.
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Fig. 1. The proposed single stage CCM PFC flyback converter.
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Fig. 2. Theoretical PFC waveform of CCM flyback converter.
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Bode Diagram
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Fig. 6. The proposed LC filter bode—plot.
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Table 1. Parameter of the proposed converter.
E 1. Mgltete ZMEQ| ni2lolH
Parameter Value
Switching frequency variable frequency
Input filter inductor 660(uH)
Input filter capacitor 100(nF)
Magnetizing inductor of transformer 1.8(mH)

Turns ratio of transformer 0.42

LC resonant filter capacitor 110(nF)

LC resonant filter inductor 16(mH)
Parasitic resistor of LC filter inductor 1.2(ohm)
Parasitic resistor of LC filter capacitor 3.5(m ohm)

Output capacitor 110(uF)
Parasitic resistor of output capacitor 3.5(m ohm)
Gain of hysteresis high reference band 1.2
Gain of hysteresis low reference band 0.8
Gain of switch current of primary side 4.4
Gain of switch current of secondary side 2.8

PFC A& flate] Fde] §ojAe
HeAlx AF AloE AR89
= LED +% =glejn o] metn 1E1
a9 82 A FEelA LC ZHE
A 2 Qg Aol g 99
W[%]= =

' A 2

l

=
=
fex] [e]
=2

=
g o
=S|

-1 =

o]
H

215[VI%

T O o
o

Tk Frove

(410)

T ToRA || B LTRA
' EIE

-
-
:
-

@oir e e e e sy e
Fig. 8. Experimental waveforms with the LC filter.
O% 8 LCEE HEAe AMyns

(1: Input Voltage(100V/div), 2: Input Current(A/div))



62

Tk e -
|
- o " o~ ‘:u.." " )
‘_:T:v__:-;ﬂ X - - — || Teeea :-:-M;\.N_ B LT
gllll, (TE L k4 WA ma :.'I:Ekg“.
Fig. 9. Experimental waveforms with the LC filter under full
load.

%9 M FstoMel LCEH AEAe Aeuty
(CH1: LED voltage(@5V/div), CH2: LED current(1A/div))

e Frev

S——E S R S e e

R a7 m— e | B L
- L1 1 T i S
- e 2k
Fig. 10. Experimental waveforms with the LC filter under

50[%)] load.
210, 50[%] FotoliM el LCEH HEAle| Meluty
(CH1: LED voltage(25V/div), CH2: LED current(1A/div))

(%)
100 E—g— O —— i ——————

90 ~—Ripple rate(%)

80 | = =

——Power factor (%)
70

—— Efficiency (%)
60 |

50

a0

30

ZO_QQ*_AVQ._

10 +

0

67 75 91 100

Load (%)

42 50 58 83

Fig. 11. The input current ripple rate, power factor and

efficiency of the proposed converter.

a8 11 Meket HME(2| 228, HE

,9E 22 Jd=

(411)

j.inst.Korean.electr.electron.eng.Vol.23,No.2,407 ~412, June 2019

35

= [EC61000-3-2 C class

¥ Load variation_100(%)
¥ Load variation_91(%)
o Load variation_83(%)

30

25 -+
o Load variation_75(%)

 Load variation_67(%)
= Lead variation_S8(%)
 Load variation_50{%)

Load variation_42(%)

20 -
15 -

10 -

bl

2 3

Harmonic order

Fig. 12. The input current harmonics spectrum of the

proposed converter.
a2l 12, Motsh Av{E{e] ol

o MF axut d

[KI

z‘f‘j &S 17 99k 50[%]0l A
0ol “eEbUTH ¥ 901]’\1

7t 27[A] 28 30[%IA

LED-J Hat AF= 0.54[A] E]—E‘E

o rr lo

109 A +=

14[%] A T
e 1y 118 LC IHE H &3

shge e I, 985 ¢

g 19 128 Febso] e A

g 24 IEC 61000-3-2 Class

[e]
=,

IR

H

PFC =+
Al AAE
=efol
WY &85 fgtol LC e ZHE
CARAAI AR Eetolw AW E = 98[%] °l
Fol JES deuigdy, 282z AQe LC &
HE zte Zohold AWEH= 7]E9] ‘/l:o
deiARAEHE Ad = e F714
AF HAINZ glo| A% REZ HASIY 7
Aolz HEHAC] stk T3 29 {lo]
AA stz AWEE T dedel 7 2
ATt

I 0



Study of Single Stage PFC CCM Flyback Converter

References

[1] Hongbo Ma, Yuan Li, Qiang Chen, Lanhua
Zhang, Jianping Xu, “A Single-Stage Integrated
Boost-LLC AC-DC Converter With Quasi—Constant
Bus Voltage for Multichannel LED Street-Lighting
Applications,” IEEE Journal of Emerging and
Selected Topics in Power FElectronics, Vol.b,
Issue.3, pp.1143-1153, 2018.

DOI: 10.1109/JESTPE.2018.2847327

[2] Cassio Gobbato, Samuel Valerio Kohler, Ithalo
Hespanhol de Souza, Gustavo Weber Denardin,
“Integrated Topology of DC-DC Converter for
LED Street Lighting System Based on Modular
IEEE  Transactions on
Applications, Volb4, Issue.d, pp.3881-3889, 2018.
DOI: 10.1109/TTA.2018.2808905

[3] Ashish Shrivastava, Bhim Singh, Somnath Pal,
“A Novel Wall-Switched Step-Dimming Concept
in LED Lighting Systems Using PFC Zeta

Converter,”

Drivers,” Industry

IEEE Transactions on Industrial
FElectronics, Vol.62, Issue.10, pp.6272-6283, 2015.
DOI: 10.1109/TIE.2015.2416338

[4] IEC Std. 61000-3-2. Electromagnetic compatibility.
Part 3 Limits. Section 2 Limits for harmonic current
emissions (equipment input current < 16A per
phase), 1995.

[5] Amit Agrawal, K. C. Jana, Ashish Shrivastava,
“A review of different DC/DC converters for
in LED
load,” 2015 International Conference on Energy
Economics and Environment (ICEEE), pp.1-6,
2015. DOI: 10.1109/EnergyEconomics.2015.7235089
[6] Tirthasarathi Lodh, Nataraj Pragallapati, Vivek

Agarwal, “Novel Control Scheme for an Interleaved

power quality improvement lighting

Flyback Converter Based Solar PV Microinverter
to Achieve High Efficiency,” IEEE Transactions
on Industry Applications, Vol.54, Issue.4, pp.3473-
3482, 2018.

[7] Xiaogao Xie, Jian Wang, Chen Zhao,
Lu, “A  Novel

Estimation and Regulation Circuit for Primary

Qiang

Shirong Liu, Output Current

Side Controlled High Power Factor Single-Stage

(412)

63

Flyback LED Driver,” IEEE Transactions on
Power Electronics, Vol.27, Issue.11, pp.4602-4612,
2012. DOL: 10.1109/TPEL.2012.2190523

[8] Mingzhi Gao, Min Chen, Chi Zhang, Zhaoming
Qian, “Analysis and Implementation of an Improved
Flyback Inverter for Photovoltaic AC Module
Applications,”
FElectronics, Vol.29, Issue.7, pp.3428-3444, 2014.
DOI: 10.1109/TPEL.2013.2279266

[9] Yajie Qiu, Laili Wang, Hongliang Wang,

IEEE Transactions on Power

Yan-Fei Liu, Paresh C. Sen, “Bipolar Ripple
Cancellation Method to Achieve Single-Stage
Electrolytic-Capacitor-Less LED
Driver,” IEEE Journal of Emerging and Selected
Vol.3,

High-Power

Topics in Power Electronics,
pp.698-713, 2015.

DOI: 10.1109/JESTPE.2015.2433918
[10] Hao Wu, Siu-Chung Wong, Chi K. Tse, S.
Y. Ron Hui, Qianhong Chen, “Single-Phase LED

Drivers With Minimal Power Processing, Constant

Issue.3,

Output Current, Input Power Factor Correction,
and Without IEEE
Transactions on Power Electronics, Vol.33, Issue.?,
pp.6159-6170, 2018.

DOI: 10.1109/TPEL.2017.2739125

—— BIOGRAPHY |

Jae Du La (Member)

199 : BS degree in Electrical
Engineering, Incheon National

Electrolytic =~ Capacitor,”

University.

1996 : MIS degree in Electrical
Engineering, Inah University.
2008 : PhD degree in Electrical
Engineering, The University of

Birmingham.

2008~ : Professor, Dept. of Electrical Information, Inha
Techincal College



