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Fundamental Investigation of a DC to Single-phase AC Converter

with Boost Topology of Power Decoupling Capability using Coupled Inductor

Nagisa Takaoka™*, Keisuke Kusaka, Jun-ichi Itoh, (Nagaoka University of Technology)

An isolated boost-type single-phase AC converter with a power decoupling capability using a coupled inductor

is proposed in this paper. This converter consists of a boost topology of a full-bridge inverter, a high frequency

transformer and an indirect matrix converter in order to eliminate DC-link smoothing capacitors. The full-bridge

inverter with the power decoupling capability operates without additional switching devices and buffer inductors,

owing to the employment of the coupled inductor. The validity of the proposed circuit is experimentally

demonstrated by a 3-kW prototype. As the simulation results, the proposed converter reduces the DC current

ripple generated by a single-phase AC load by 97.5%.
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Figure 1. Conventional isolated DC to single-phase AC
converter. The conventional converter uses a bulky electrolytic
capacitor Cqc to absorb the power ripple caused by a single-phase
load.
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Figure 2.  Conventional isolated DC to single-phase AC

converter with active buffer circuit. The conventional converter

uses a balky electrolytic capacitor Cqc to absorb the power ripple

caused by a single-phase load.

Boost converter

Figure 3. Proposed isolated DC to single-phase AC converter.
The primary-side converter together with the coupled inductor
and the buffer capacitor are controlled in order to convert the DC
input power to the AC power and absorb the power ripple
without additional switching devices and inductors.
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Figure 4. Principle of power decoupling capability with
buffer capacitor. The buffer power to compensate the power
ripple is charged or discharged at the buffer capacitor Cout.
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Figure 5. Operation modes of full bridge inverter. The
primary side of the proposed system is operated in two modes;
the differential mode when the power is delivered to the
secondary side of the transformer and the common mode when
the power ripple is adsorbed.
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Figure 6. Current and voltage operating waveforms of
proposed converter with power decoupling capability.
The buffer capacitor voltage absorbed the power ripple is
controlled by the zero-voltage period of the primary-side
transformer voltage.

TABLE | Switching table

Model | Mode2 | Mode3 | Mode4
Number of 1 I I I
mode DM1 DM2 CM1 CM2
A 0 0 1 0
Swathing
ignal
signal B 1 1 1 0
Edge of
Carrier up down

DM : Differential mode
CM : Common mode

fNormaIization of voltage reference

Slap
Slan

Pulse pattern

,,f!',tfr,,if,,—,,,,igg,,,f — Yoty conversion Simp
! DC current control |_> S
Average voltage ton

control for Cyys +

igria* > Pl > 1 Carrier
_ - Vcbuf —> Syp
lgrid - polarity > S,
Current control of output filter inductor conversion > S,
i’ > S2b|1

Figure 7. Control block diagram of proposed converter. The DC input current is controlled for the power decoupling. The buffer capacitor
voltage control is employed in order to avoid the divergence of the average voltage due to discretization.
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TABLE Il Experimental Condition
DC bus voltage 200 Vg Load voltage 200 Vims

Rated power 1 kW Load frequency 50 Hz
Boost L (L) 1mH Filter L (Low) 2.0mH
Buffer C (Cou) 150 uF | Turn ratio of coupled 112
Load current 5Ams | inductor Ni:N:Ns

Carrier frequency of Switching frequency

full bridge inverter of secondary-inverter,
Natural angular Natural angular

frequency of buffer | 6000 rad/s | frequency of filter |4000 rad/s
current control current control

Natural angular

100 kHz 50 Hz

Damping factor of

frequency of buffer C | 120 rad/s buffer current control 0.7
voltage control
Damping factor of 1.0 Damping factor of 07

buffer C voltage control filter current control

DC input voltage Vg4 [V]

200

With LPF

K fw .

Output voltage Vo [V]
500

Output current igrig [A]

20
07/-\/-\/
-20

0.16 0.8 0.20 [s]

Figure 8. Input and output waveforms in steady state of
proposed converter.
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400+
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0
00, Difference mode voltage [V]

0

-500

Output voltage Vour [V]

400
200+

%73 3.24 325 3.26 [ms]

Figure 9.  Extended waveforms of each voltage. The zero
voltage period of the differential voltage is agreed with the Vg
period of the common mode voltage.
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Figure 10. Waveforms without power decoupling in steady
state.

ZEBEOEEMEIX, FHHEED 2 L7725, BRERKT

,ﬁﬁ@@ﬁﬁ@ﬁﬁmu#wM7w7Uy94yﬂ—
&T‘ﬁb‘, ZWAN D A A — REEFRER R ONA 2N —H Tl
%ﬁﬁﬁ%&@%#ﬁﬁﬁﬁﬁ%uubﬁtEéﬁ%ﬁ@
BIT9, 2O & &, BEA VA= FIXREBER B O/ EIZ
bETHNT2E A»X@Eﬁéﬂbﬁzétffﬁ
W o T, ZIRMITIEA A v F o THREOIRE S HIFRF T =
%

4. TIal—i3a KR

RETDHRIBEOEABIEL ZOFAMEZHERT D0
yi:u—ya/%mmfﬁﬁ%ﬁot@&k,@mw_
R-LEMEZHW, Ty h A LRLANTT T 4 NV Z TR T T HAE
RETY I 21— g 2iT7o7-,

22V Iab—varfhErd, 22T, BIREHH
BEEA LRWIGEE, BitEmREERO S A &2 T, Ny
77 F® VA REEEFIEROT A &2 BT TRREI
HLTW5D,

8 IZIREHEZEAH L= HEIcB T 2 AR 2R
T, K8 LV, RIEVTZ MAKROEEA X7 X212k
:ﬁ%mﬁ%éné%@%r BB Vac |2k L CTHIE S
NTND Z LR T

X 9! ﬁ”k/\4’/§77§70>% F%Tﬁ‘o WEA LRI H
OSBS5BI, 3 L-LVEEICHIE SN
THY, [FIHE Fﬂpﬁ%ﬁfi@w%%&~ﬁ¢6:
DR CE 5, ZAUC XY, IREVHESIE & H 77 BB 4 il
95 PWM il & RIRFICER TE 2 Z L 2R L, b
DFEREY, =TTV > A = Z BN TEMN
AA TV T TNA R NBELEET, DOFREV T I b
DOFHT, ML REHHE D 2 > OBENELGRE D (HI#H
TEDHZ L EMER LT,

[ 10 [ EMSEIERFIC 351 5 BB D IRENAI(E A 6 A L 7e
WA OFEBRIERERT, X9 X0, FAREIREHE %
ALZWEE, BEREDR iolXH I EEE D 2 75785 5Tk

56



92, ZhUE, IRENZ RN T 25 72 DICHE R BAEIC KT L
T, Ny 77X X NV HOREBEN/NISNTZDTHD, ZOf
B, IR L & 72 O IRE R 20 S B R R IC S5 100 Hz
DOPRENAL 1L, BRI LT 127.1% & 72 5,

B 11 BAAREE ) IRE AR R DO & 73, IRED AR
WA LZBE,  PLENC L > TERERMTIE—EE &
5, P T, WA CAER S D IRENE 01X, B
MED Ny 7 7 F v RUXELICERET D720, Ny 77
Xy XU HEBEEIIT VT 4 TIRENT D, IS ORERE
i, BET 2 HMHENIRMEEOF AL RS 57
W, EFERIC OV CEMEAR 21T 72,

B 12 IZERE RO SR T R 2 R T, ek, iR
FENTIXHE AR S 50 Hz 2R & LT b, MR &
D, RETDAREMHETIEEZEH LR, 100Hz 5o
3.23%E TR SN D, D& &, WRENARS LA/ EE A% 0
BRI LT D, £, HFRE A REh 4 00 A Al
LT 5 L, BB EE T 2 IKE A5 (L00HZ) 23
98 2% END Z L& MER LTz, UEDZ Ennn, BET
2 WARE S RE G E S EOA AR R L,

5 F¥&o

AT, #EAA v &7 2 & AV Tk DC-H48 AC
a =X ORIEENE L BAE I IREHEESEL, Bno
2L 9 F U TFNRA AW UCERTEAEBE R DL,
ZORIENEARE L, KRR CIX, JHED 727 vz
CTHAMENIREMEZ1T O 20, IREHEROY 727 b
LR, IREOF v 3V B RAWCIREHE N T
ED, Fl, A LVE I HXETNT Y A U R—=HTHE
BREND AN I VNT, I ERHIE & HEARE S kE
18 % FIRFER T DM R IRE Lz, ik v, Z&il
TERAE B EBN)S CT EAREEMED A L 72 572D, AA
v F U THROBEEPHIFCED, YIalb—Ta i
WEBEMERGEDORE SR L 0, BRI I REME AT & Hh~T 100
Hz W45 % B LT 97T6% IR T& 5 2 & 2R L
720 LLED Z &nh, $RERIEEICIS T D HEAREE L IREVFHE
EOGRAMERER ULz, 5B OMEE LT, FEHIC K2R
EE R ORI E DI R OMRZIT O, S DI, BEADEEEZ1T
W, ER D ENERCEERT D FIEORMEIER HIT B D,

X ik

[1] T Babasaki, and other: “Developing of Higher Voltage Direct-Current
Power-feeding Prototype System”, Proc. 31st INTELEC 2009, (2009)

[2] K. Shiozaki, J. s. Lee, T. Nomura, B. Whitaker, A. Barkley, Z. Cole, B.
Passmore, T. McNutt and A. B.Lostetter, “Design and Verification of High
Frequency SiC On-board Vehicle Battery Charger for PHV/EV”, SAE of
Japan, pp. 25, March 2014

[3] T. Shimizu and S. Suzuki: "Control of a High-Efficiency PV Inverter with
Power Decoupling Function®, ICPE2011, pp. 1533-1539 (2011)

[41 AL, KB T —F 0y 7Y v TR A RO MR R
RAVERA =5 L ZOFIEE", EX R GED (PERISHED
%) , Vol. 135, No. 2, pp. 147-154 (2015)

[5] H.Li, K. Zhang, H. Zhao, S. Fan, and J. Xiong, “Active power decoupling

DC input voltage Vg [V]

200

With LPF

L rﬂA"—m&

Output voltage vy [V]

500

Buffer capacitor voltage vyt [V]

400
350

Buffer current ipys (LPF) [A]

5]
o
-5+
0.16 018 0.20[s]
Figure 11. Waveforms with power decoupling in steady state.
The DC current with the proposed power decoupling method do
not have little harmonic component.

100 ~ Reduced by 97.5%

Without the power decoupling method

Harmonic component[%]
=
o

(100%: DC current component)
[

o
-
L

N
\
\
\ \
\ \
\ \ \
\ \ N
\ \ N
\ \ \
\ \ \
\ \ N
\ \ N
\ \ \
\ \ \
\ \ \

123456 7 8 91011121314151617181920
Harmonic number

o
o
—

Figure 12. Harmonic analysis of the DC input current.
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