The Transactions of the Korean Institute of Power Electronics, Vol. 23, No. 2, April 2018 121

https://doi.org/10.6113/TKPE.2018.23.2.121

S
e 29e 8% A4 nY o5 FueF

The Optimal Compensation Gain Algorithm Using Variable Step
for Buck-type Active Power Decoupling Circuits

Ki-Ho Baek!, Seung-Gwon Kim!, and Sung-Min Park™

Abstract

This work proposes a simple control method of a buck-type active power decoupling circuit that can
minimize the ripple values in the dc link voltage. The proposed method utilizes a simplified duty calculation
method and an optimal compensation gain tracking algorithm with variable-step approach. Thus, the dc link
voltage ripple can be effectively reduced through the proposed method along with rapid response in tracking the
optimum compensation gain. Moreover, the proposed method has better dynamic responses in the load fluctuation
or abnormal situation. MATLAB/Simulink simulation and hardware-in-the-loop-simulation(HILS)-based
experimental results are presented to validate the effectiveness of the proposed control method.

Key words: AFE(Active-Front-End) converter, Active power decoupling circuit, High power density converter,
PFC(Power Factor Correction)
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Fig. 1. Single-phase PFC converter with a buck-type
active power decoupling circuit.
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Fig. 2. The dc-link ripple voltage according to dc
capacitance.
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(b) Discharging mode
Fig. 3. Current paths according to operation modes.
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(b) Discharging mode
Fig. 4. APD inductor current waveform according to
operation modes.
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Fig. 6. Optimal gain tracking algorithm.
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TABLE 1
PARAMETERS OF BUCK-TYPE ACTIVE POWER
DECOUPLING
Parameter Mark Value Unit
Voltage Source(rms) Vg 220 \%
Source frequency f 60 Hz
DC-Link capacitor Cy. 200 na
DC-Link voltage Vie 380 1%
APD inductor L, 50 uwH
APD capacitor C, 200 uF
APD capacitor Voltage V. 200 \%
Output power P, 3 kW
Switching frequency fs 30 kHz
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3BV A 337Ve gES /It kWE FaiHE
dojubr DCHA #sfe] ozt 53t 5 SA Fr sk
oF 3B0VellA 648Vel A &S Zie=th a9 119
12+ APD3|27} &2 & o) 747} 15kWeF 3kWe] 4
JE A3tes yepdo 15kWolA DCEHA HAg2
Aok ¢k 378Vl oF 47V =S 7AW DCH
At Hgte oF 1.24% Folth. APD AAH
Aol Hrghe 200VE Aloj¥w oF 69.2Ve] #ES
7M1 FA BHS wkEsith APD I9E ARE
ARE A/ ABAE wg oF RA FAE e
120Hz2] ARolsl gejz AojEm DCMelA 523}
kWellA DCHA At Hargh oF 3[0Ve 2zt g
o
o)

|

(<

U

AL 67VE 7MY Hige o 176%TToR
15kWeb ml7iA 2 Hitghel 2%0le] F5s &
st FASkch APD ASAE Feke gk 200
2 A= FIAY YEFFS o 124VE Zetrh
APD SI19E AFE  120Hzo ARGz Ao 5m
DCMEE=AA s2tstal, §3at7F Ao whet 15kWE
o AF g2 AA oF 33A9] FAE 2 S T

4 Atk
a7 13 Faf el @& DC
AL yehdth DCH A Agke §3)
o 380VelAl oF 410V7HA] s & thA] 380VE
Hu g Zo] Hak Al a7 13(a)9h (h)ell A
2EA I ThE A8 =
[e]

Atk g e

=

o

oz W
offt
e
e

o

=

o
>
)
>
T
)
o

o rﬂ Oﬁ
n 2o
rE
2=

=2
2
2
ol

st}
ol
1>
lo,
o
o
©
[\
P
lo,
|
>,
)
tlo
N
N
™
o,
1 o
o

o MK of

Ko
N
2
&
o
o
Jn
2
E
[ fol oY |

[ o OB VIS W Ve e o

b
A
o
ox,
o T
fuj
2,
X
To

¥o
G
ofN ’

o
o
rlo

[
T ol
e M
R
3o
(e

o o lo
N

=%s S Eaty|

230 APDIZE HHOR FANY 5 9E Byl
59 A4sE Ae FASGT A% APD 329
FERfol2 Aol DOM 2N T 44 FHsd

Meez otmodAttel X|g ot sHE o
T2, (No. 2017R1C1B2008200)

2
of =22 20178dE sltjstm 2 7AS

Hlof 2|5tod K= AUS.

(1

References

1Y. Sun, Y. L. M. Su, W. Xiong, and J. Yang, “Review
of active power decoupling topologies in single—-phase
systems,” IEEE Transactions on Power Electronics,
Vol. 31, pp. 4778-4794, Jul. 2016.

Q. C. Zhong, W. L. Ming, X. Cao, and M. Krstic,
“Reduction of DCbus voltage ripples and capacitors for
single-phase PWM-controlled rectifiers,” in Proc
IEEE Annu. Conf Ind Electron. Soc., Montreal, QC,
Canada, pp. 1308 - 1313, 2012.




128 e

off

& 49 g4

s

g

tio
o
o

[3] X. Cao, Q. Zhong, and W. Ming, “Ripple eliminator to
smooth DC-Bus voltage and reduce the total
capacitance required,” IEEE Trans. Power Electron.,
Vol. 62, No. 4, pp. 2224 - 2235, Apr. 2015.

[4] Y. Tang, F. Blaabjerg, P. C. Loh, C. Jin, and P. Wang,
“Decoupling of fluctuating power in single-phase
systems through a symmetrical halfbridge circuit,”
IEEE Trans. Power Electron., Vol. 30, No. 4, pp. 1855
- 1865, Apr. 2015.

[5] M. Saito and N. Matsui, “Modeling and control strategy
for a single-phase PWM rectifier using a single-phase
instantaneous active/reactive power theory,” in Proc
25th Int. Telecommun. Energy Conf, pp. 573 -578,
2003.

[6] R. Wang, F. Wang, D. Boroyevich, R. Burgos, R. Lai,
P. Ning, and K. Rajashekara, “A high power density
single-phase PWM rectifier with active ripple energy
storage,” IEEE Trans. Power Electron., Vol. 26, No. 5,
pp. 1430 - 1443, May 2011.

[71 H. Li, K. Zhang, and H. Zhao, “DC-link active power
filter for high power single-phase PWM converters,” J.
Power Electron., Vol. 12, No. 3, pp. 458 - 467, May
2012.

[8] K H Baek and S. M. Park, “New duty cycle
generation method for buck-type active power
decoupling  circuits,” Power  Electronics Annual
Conference, pp. 252-253, 2017.

o
NClpal
Mo A

dSH (& FEHE)
1993 58 424, 20184 Eolrf MR
7|3y Y. 2018 ~&HA = CHeH
H|Sstat HAHY

o
-

I

J ol (% B F)

H og 262M 2001 ) ™
£, 20034 & ohstel M7|FED
b. 2015 o|= ZUE[H FEIC)
=th. 20034 ~2008 LG X} DA
Melod @l 20081 ~2010  AFM
5. 20144 ~20154 o|= United
Technologies Research Center(UTRC) M MXIOE Melod7
. 20154 ~sid ) MAMTY|ZEnt W o & Hy

S8l

o |
R H 3l
>m|-_u.

I
e £

>

Il

9 1o mp 1ok

> 3
O e

N

E3Y CIXA L E (=



