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Power Converter for Single-phase Interconnection Consisting of PV and Battery

With Active Power Decoupling

Shuto Ishiyama*, Keisuke Kusaka, and Hitoshi Haga (Nagaoka University Technology)

Photovoltaic power generation uses a battery to compensate for the output. It is necessary to prepare inductors for

each PV and battery. In addition, electrolytic capacitors are used to compensate for the pulsation that occurs when

linking to a single-phase system. These have the disadvantage of increasing the size of the entire system. In this paper,

we propose a circuit configuration using one method of PV / battery integrated multi-converter and active power

decoupling method (APD). By applying the current discontinuity mode, the PV and the battery inductor are shared by

one. The basic operation was confirmed by performing duty calculation and APD control at the same time.
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Fig. 1. Conventional circuit.

7, ERAERE— RDCM)Z AT TCA U ¥ 7 X %
ML TE DU, I BIZ, INEBEDT 4V AF Y /N H TH
FEDIREFHE DS TE, kD APD 7 & R CHEEHEFO
RS IR S L2 R, AR CIE, FRERIE ORI )7 ik % it
LTy ab—ya il k0 EARBEZRGE L 7= 0 TG
T %,

2. BEVATLA

(2-1) [EIRREAE X 2 ICRET DEEERE T,
PREMEE T A X—H 2 APD F N~ )L F a2 R — X DOFHE
ZEORIBEZMMLT 3 Lo bRIEHERE 2R, F
FHEREA AT D, L2 1ITIT FCC AR L L= [ %
Bt A, FCC ODATFRIANv T V&, 77407 F X
VAPV BEHGET A L EEEL VD, ZhE DCM



TEESEDZ LT, vAFR— MELEER—FDE
AN D A 27 Z D@ A EBRTE S,

F7, HEREIE TPV - Ny T U L BEHEZHENETNE
Tﬁi&?‘é?’:&)b:?ﬁ@ﬁ%F'?‘/X?)idZ\%T“%éo LN LR b,
LR IIEL 72 AV 3 vﬁ“%ﬁiif‘&;@ Ny T
@Jﬁﬁ%kﬁi(}luﬂjﬁlﬂﬁ%@*j%é’ ILCERTX ST
O, NyTUicx LiiH o - 7/7\7))K%T%50 zZ
T, ZH LT EWINCES X ¥ R H Coy I NFRDO T 4V A
aVF UV EHEELTEY, APD EIC X W EIARE & WL
SH5,

(2:2) BMEAZE M3 ICRERKBOEEE—FZL
O, K 31T dge (TR D FBIED EIIE Lic_ave L NPV D>
BEAL D VBT FEIE Ly ave DR/IBIFRIZ &L 5 T Mode
I & Mode D2 S>DENWEE— REBINT A6, 2hi L/
LD4 DDA FITMZ, VI 2D2ODAAL v FIZT 2
—T 4 &5 %2, BEONRT—T70— {250 T 3 Od)f':*(,.b—fﬂ
B — 2 I, A C, DCM CEI{ESE 5729
L7 1 TRTDOARA yv’“%z“ﬂ:?“éfﬂ%iﬁﬂﬁf‘aﬂ%%&ﬁ
5, LATFIZEE— RIZOWTRT,

(1) Mode I [X3(@)DEMETH D Mode i, X 4R
TEIORATEREEL Y PV HHERKELZBET 5,
Mode ICTIZ/ Ny 7 UV IXPVIH BN L AMOES ZfMET 5
= OIZIRBIEELIT 5, 1Z L HIZ Mode IQDHIRIZ N > T
UnbA L E 7 BT RZNX—%ERET 5D, RIZ Mode I(ii)
@,ﬂ;ﬁﬁeﬁ&:/*‘ TV E PV A U R—F~EH AT

o WAZIT Mode I(ii) DRI v T U BAK B A =5
@« ENEMAG L, ZO®%L T 1 TRTCORAL v FE2 47
WL CEuERMAR ET 5,

(2) Mode I X 3(b)DENETH S Mode I, X 4(b)iT
NI KD R ATTEREE RO PV 1 {)IL{EZﬁ/%*EIE‘J"é
Modell TV N 7 VTN D ERA 1 F v U TR
BT %, 1E LI Mode G DOHIRIC PV OH E
BNy T VBT HIRIZ Mode I (i)DOHAMIZ /ST U
DA VHE I ZANTRXNX—5ERT D, &HEIZ, Mode 1(iil)
OHIFIZ PV E NNy T UMb AR~E MG L, ErEiR

lpat lpat
—_— —_

—

Model(
(&) Model
ibat ibat
- —_
Modell(i) Modell(ii)
(b) Modell

| S14 l S2.4] |%2%3.2

legl leg2 leg3
Fig. 2. Proposed circuit.
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Fig. 3. Operation mode of proposed circuit.
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Fig. 4. Current waveform in Mode I and II.
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Fig. 5. Control diagram.

Si1= ((duty3 -model) + (duty?2 - modeZ)) - duty3
Si2= ((dutyZ -model) + (dutyl - model) + (duty2 -modeZ)) - duty3

Si3= ((dutyl - duty2 - model) + (duty2 - modeZ)) - duty3

.. .( 8 )
Si4= ((dutyB -model) + (dutyl - modeZ)) - duty3

S0 = ((dutyl - duty?2 - modeZ) + (duty?2 - model)) - duty3
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Table.1 Simulation conditions

Output Power Pout 1500VA
Battery \bltage Vpat 60V
PV \bltage Vpy 90V
Cell Capacitor \Wltage Vhuf 300V
Load Inductor L, 30uH
Output Capacitor Chut 100puF
Output Resistor R 6.67Q
Interconnection Inductor Ly 20mH
Output Wltage Vout 100Vrms,50Hz
Carrier Frequency fsw 10kHz
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Fig. 6. Experimental results of (a)Mode I and (b)Mode II (battery
current, PV current,) and (c) each mode’s average current
and(d)capacitor voltage and(e)output current.
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