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High Performance Current Control Algorithm Based on Virtual DQ
Synchronous Reference Frame for Single-Phase Boost PFC Converter

Hyun-Geun Kim', Seong-Min Jin', Sang-Hee Lee', Su-Hyoung Lee', and Joohn-Sheok Kim™

Abstract

This study proposes a high-performance current control algorithm for a diode-bridge-type single-phase boost
power factor correction (PFC) converter. The conventional asynchronous single-phase current controllers that directly
control AC-type current tend to be accompanied by steady-state errors due to their poor dynamic characteristics for
the transient-state, which can be attributed to bandwidth limitations and phase delays. In the proposed algorithm, an
ideal current control with minimal phase delays and steady-state errors can be achieved by using a virtual DQ

synchronous reference frame and by controlling the synchronous reference frame excluding the frequency component

in the singlephase system. The performance of the conventional asynchronous single-phase current controller is

compared with that of the proposed algorithm through simulation and experiments, and the results have confirmed the

superiority of the latter.
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Fig. 1. Conventional boost PFC converter system.
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Fig. 2. Conventional control block diagram of boost
PEC converter system.
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PI Current Controller

Fig. 3. Block diagram of conventional single-phase PI
current controller.
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Fig. 4. Block diagram of virtual DQ single-phase PI
current controller for active converter.

Fig. 5 Block diagram of proposed virtual DQ
single—phase PI current controller.

DQ #3EA| o] 25 AHgstel Al ACI=E DS 4
Az EASe Fze wdyshd A@)7 2
B =L 3)
V.,=1L, i = V=1L, o

A AC3| 29} FdT FEe] 7] ACII =T QF
AAZGZA G EAgTL 7P o DQ AAFEA
el AFHEEES A 2ol veRE F drh

2(4)9] L& cgEd] s2&= AF A7)
Al 7] gﬂl 6H%‘&E}. 1(4)E DQ

3 F)FHEAZ
e A 2ol feid F glod, 9 18 74
5171 -.40}04 DQ s71&%xEA D= d7EHE

_ { cos(w,t) sin(w,t)




ny)
ox
lav]
a
=y
3
o
o
N
5
g
b}
i
N
Y
2
2
N

KP
+
I+ 1 + Vil w, |V 1 !
-K; —» > — >
S+ wq Lgs
PWM

Generator

Fig. 7. Block diagram of simple single-phase PI
current controller.
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TABLE 1
SIMULATION AND EXPERIMENT PARAMETERS

Parameter Value
Input AC Voltage V, 110 Vrms / 60 Hz
Output Voltage 7, 250 V

Rate Power P, 1 kW

Boost Inductor L, 1.5 mH
DC Capacitor Ch 1980 uF
Switching Frequency f, 10 kHz

Sampling Period 77, 100 us
Cut-off Frequency w,, 2000 rad/s
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Fig. 7. Simulation results for proposed virtual DQ
single—phase PI current controller.
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Fig. 8 Simulation results for line voltage, line current
and inductor current error when the output power is
1kW (a) Conventional PI Controller (b) Proposed
Controller
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Fig. 9. Simulation results for line voltage, line current
and inductor current error when the output power is
1kW and the line voltage is known as 90% (a)
Conventional PI Controller (b) Proposed Controller
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Fig. 10. Simulation results for inductor current,
reference and error when the inductor current reference

is step (a) Conventional PI Controller (b) Proposed
Controller

s AfiAel dadE 501

Boost PFC
. ‘Converter

2,000rad/s®] A3t
5} A]—ﬂ]o]ui l:r
ojaL 9lvk. ik HlE7]3
| 2598 2t ARl =,
7ve] 9jAFx o] A sta o] X o] 1} B AR
Qa2 yepdth vbd Aokes &

FE Aostrz AF 917 A 002 .
v AA ARV 0A A A= AR Eo] AdtEE
A7} oRzF AR Aol YERdLL T Alo)7] BF
09949 =2 <& 7MAv, THD(Total Harmonic

N

TE=
Distortion)d] 2% % Alo}7] % 11.35%= 717t}
I3 95 a9 83 TYd 7oA ACH LAt

[e)
aA7E 0%z A5 A4sE Aol tE AlEg o)A
Azfo|ty, ACHAA} V, T& DCEHAJe A7E
A5 OWo} A MR 9tz zgate] A

H] & ik &7 dAsit) o] 3t g Alojr] &

Aol AE 120Hz9] 7252 2= ¢|ghe] Wale e
veht dRAlel Aol Askddh o A 1d(a)9]
H 278 ABA 7= A 2 AAANE AR oA}

BT 1800 519 LoD
EANAA AFANE £
A7 %ZH’E}—E A9l ozkel gAlol EAE B
o AfF ex Wy 2

fs = 11__._‘_ N .
AELS 098687 skl 2d(h)e] 099362 AE
H37E Al itk THDS 745 2d(a)= 1475%2 <

7Vaklar, 18(h)= 11.35%= Hskrh gl

AiAlo] F2o] FE5A4S vuwslr] 93] 10~15A 2
7o) ARHES ~doz WA }Ma rﬂH Al o)A
A7} 29 100 EA o] S&E}
4} PRCe DCEEw] A" #
= A5 AdA 79 s R e 9}4. A5
go| wAsHA WA F2E QY EiOﬂ 7}a oFst=
#gko] =LA 57}—8}?4 gk Q7R el = @A doER

TR E

AARAFE AREES w2 FEA Rete g
7} e, ma} Aol 5718 AfiAlol7ldA =
AF ek vt HHPEﬂl Aol gl st

2
A = o}‘* s zﬂ—o s 1:}



The Transactions of the Korean Institute of Power Electronics, Vol. 22, No. 6, December 2017

v, [100Y/div]
/: 1, [zoz&v]
| & A

\

= v, [100V/div] oy
/: I IZDA/ﬁ.\V] /\
\\ J’J \

/

YYY YV Y

I;_Error [1A/div]

I,_Error [1A/div]

| Time [5ms/div] Time [5ms/div]

(@) (b)

Fig. 12. Experiment results for line voltage, line current
and inductor current error when the output power is
1kW (a) Conventional PI Controller (b) Proposed

Controller
v, [100\/div] v, [100V/div] Ly
(Srodia [\ [Eredia /)

\
I;_Error [1A/div]

R

I, _Error [1A/div]

Time t5ms/dfv]

(@ (b)

Time [5ms/div]

Fig. 13. Experiment results for line voltage, line current
and inductor current error when the output power is
1kW and the line voltage is known as 90% (a)
Conventional PI Controller (b) Proposed Controller

@ liper I 0A/div] &y

@ lirer [10A/div] £

I, [10A/div] 1, [10A/div]

I, Error [1A/div]

I, _Error [1A/div]

Time [5ms/div] Time [5ms/div]

(@) (b)

Fig. 14. Experiment results for inductor current,
reference and error when the inductor current reference
is step (a) Conventional PI Controller (b) Proposed
Controller

HEY uAs MCUES| Hol &4
2 AFdAME 120MHz 25 3945 %% Infineon
TechnologiesAFe] XMC4400 MCUZ ©]-&3F PFC #l|o]
718 FASIAT AR AAME A7 2 AllegroArt
o] ACS7225 AF&sglew, MCU9 Wi 12bit ADC
HEs Abgete] S 2 ARE Al

a9 12+ agl(a)e] derARl vlE71E dRAlol 7] e}
") ARFshE 5718 AFA7e] G H AR

Aol BAE ety Q3 4P Holdh 7 e
ACHQAY ¥, ACHRAR I, AYE Afel oA

o

I, ® VPERACE, QAT AR QA= AEA R
A R Aoz} A48 gre Wiel 12Bit DAC
2 olgle] 2L AR ATE Gy 4Y B
AAE Aol 23k 2 AT oA AdE wEd
o 2914 oF Fom AW 74F gl EAGuz
aR@el MENG AFAN A E JHos 2 A
F oot wAEe A 2 4 Ak wE aym)e
$18 ARAN NN E ABol i A FAT A
of 4% uYS o 4 Atk B Y@ B

o
0988, (b)e] 745 0991¢]tt. THD+= 1¥(a), (b) ZH7}

1351%, 13.01%°]t}.

a7 132 ACHYAY Vo AVE 90%=E A%
o] e ARE Jehiy, gl S vl
2ol HlE713 Ao}l A w9 Z A7t BATES
A 4 Atk I¥(a)e JES 09832 thh A
A% a2”(bh)E 09912 & Wbyt glvy 29 (a)el THD
v 1TT1%= 74k, 29(b)e] THD: 12.95%=
79l Wshrh gl

I 145 AFAe7
el = 10A] af
Aztolt), Al oA FAA TH(
FAeI71e A kg AR Aol AdEo]

o

d

X
=
f g

29

= o)
7] B ASkshs 73 DQ BAREA U $719 Pl
ARAC7IE 9 2 Be WE B o S5
ARA} A5e vl A 30T 5
6.2 E
B ATNNE MY DQ REAS olgdtel WY ¥
ZE PEC AME Azwd 487b5% 5718 A7)
of A3)Fel tl# AFE WAL DQ B AEA



1=
@ F2E

Ao s Fuk Aol wiAY DCAES ARFE Ao
StEE AAe] A P 29 oakel e o] F
A% EAS ke AFAl AxgS FdT F Utk
ol el AFA 7| AT AWE DCEHe A
gAo} 719 Aes SnHeE vl T3 Q4o
£3] PFC #AHE9

O ox N R

N
—~
o

MoME & R

_OL

R

FAlol G ES AHS

=

o OE A2

i
tio

sk Aol ) Algtae
Zo kW FatlA 09918 $48 8L wolw
AE71R B AR Al 0 9

Q s71FEAE T8 Hg ACHY 914
sHER AJLO] $43 PLLE ] Fo]
= 27t AFAel71E FAsoF strR HE 73
of gugFol vl AikeFo] 3~4u) F7lst
el

=

i

7b A ThE) XMCAM00s} 2ol w)
Ao} o wiEd 24 MU o
Qomz A BYANNE 14
FA8 A8E 5 UE A

o]
2 57 A

1o dza.

2

(1]

(2]

(3]

[4]

(5]

6]

References

IEC standard 61000-3-2,
emissions(equipment input current up to and including
16A per phase), 2009.

IEEE Recommended Practices and Requirements for

limits for harmonic current

Harmonic Control in Electric Power Systems, IEEE std.
519-2014, 2014.

J. D. Na, “Study of DCM interleaved boost PFC
converter without the detection of the inductor current,”
The Transactions of the Korean Institute of Electrical
Engineers, Vol. 65P, No. 4, pp. 303-308, Nov. 2016.

S. Somkun, V. Chunkag, “Unified
synchronous reference frame current control for
single-phase grid-connected voltage-source converters,”
[EEE Transactions on Industrial Electronics, Vol. 63,
No. 9, pp. 5425-5436, Sep. 2016.

S. Y. Choi, R. Y. Kim, H. N. Kwon, J. W. Song, “The
control of single phase inverter system using DQ
modeling,” Power Electronics Annual Conference, pp.
602-605, Jul. 2003.

F. Xiao, L. Dong, X. Liao,
method for single-phase grid-connected
inverters,” Tran on Power Electronics, Vol. 9, Vol. 3,
pp. 401-407, Mar. 2016.

unbalanced

“Fast reactive current
detection

PFC ZA¥H& 714 DQ F71&3A 71 17

503

[7]1 M. Ebrahimi, S. A. Khajehoddin, M. Karimi-Ghartemani,
“Fast and robust single-phase DQ current controller for
smart inverter applications,” [EEE Transactions on
Power Electronics, Vol. 31, No. 5 pp. 3968-3976, May.
2016.

[8] S. H. Kim, “AC, DC, BLDC motor control,”
92-96, 2012.

D.B.Info, pp.

A (£ XIR)

19904 9 24904, 2016 QlEO| TU|S

= = st £ 2016 ~ SR ol thsky H
- 7|13tz “AFLH‘J.

1989 M0 3of

1992'-4 & st M7=
H. 1995 & o=y ®I|F
P. 1996 ~ & oldMe H7|





