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Steady State Characteristics of Utility Interactive PV-Inverter system
with Switching Strategy for DC Inductor Volt-second Balance

Yasuhiko Nesa and Hiroshi Wapa

This paper presents with the utility interactive photovoltaic generation system with a PWM
current source inverter. The photovoltaic arrays are connected, by employing a step-down chopper, to
the dc link of the system. The on and off times of the switching device in the chopper circuit are
determined by utilizing the principle of the dc inductor volt-second balance. The chopper contributes
to the elimination of the double frequency component in the dc current and allows the utility current
to shape sinusoidal wave. The sinusoidal current is formed by the PWM inverter with fixed switching
pattern. In this paper, the system configuration is shown and the switching strategy of the step-down
chopper is explained. The experimental waveforms at the steady state operations are given, and the
harmonic components in the dc current and the ac current are measured. The results prove that the
smoothing dc current and the sinusoidal utility current can be achieved in the system with the small

dc inductance.

Key Words: Current Source Inverter, Step-down Chopper, Volt-Second Balance, PWM, Photovoltaic
Generation, Single-Phase System
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Fig.1 PWM current source inverter-PV system with
step-down chopper.
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Fig.2 Relationship between switching pulse and

voltage/current.
T BE R
euD—e, (D=L, 250 @)
o, EXEEY T, TR LT,
S CenD— e, (0)dt=L,(i,(T) —i,(0) (3)

THhb. Lin->T, MEQANS, Hifi1 ¥ I 5T
FinE N2 EELRMOME, T78D5

S e Dat= [ e,(Dat (4)

DEMEDHFOSND. ZNER2ITBWTHRIRTRT LD



B 55 %

12, ey BIENIV A D Ay, 15 e, 8ISV Z O
Ay EZLNWZ EZRFERL TS,

EIRETE e, & ey NIV ABIETHDZEEEEL,
FEBER R W R I EE T BN T, BT 2 RMEE e
EPVEE epy MXREHBIT—ELTNE, kFEHD
FavNNAAL v F 27NV AEROHEREIZAX TR N
5.

e(k)
epy (k)

EBRDO X T LTI, B@EBFTOIEAMEERET & E
WA 05 ODWPIPICLDEIERETND 5720, BT
JNVADTHFE A, & Ay 13 L L<TIablan. 37bb,
PP TACB T 5 F a v /NEREE FEmEE 1 >
N—FEREBEEFEHELD, 5 OBER T AV,
FUELRETIHLENHDDT, EBEDOF 3 v /SO
WAMEIRATHEZ SN 5.

(5)

_ T,(ke(k)+ T.AV,
T, (k) 7ev—(k) (6)
RREEE P VELEN—E DK, ERES AT LADHE

BRI A //\_954203“3 W NEMEIZ K > Tk
ié# A N=FDPWM/NY — > Z&[EE L THIEL
7=HE0E, FEEBRETF a v /NT b AV, ITKEF
T*{E?’é Zok, MR ZEHWEPVOEED
KL TELTZDT,

X=T.AV, (7)

EBNT, INEIATALHINT A—-5ETBHIET,
EFHMEITBNTP VOHAINERK &2 2 RiEETITH
Bulfelin b,

B T icB0WTOXE0HESNDF a v /N g
T, MOREDRA Yy FH+ > T, BEOEAT T, D51
IUTPRERMAEZEZSNDD, BIRBHR I, DA v
F 2T TINEFE e, & ey, DINIVAY A I DT ITEL
INBHOT, TITE, UTIIMEER S 7014 >
FTAA y F T EMRE R R R E U THEEIT
L, R THET .

To(K)=T./2—T,(k)/2 (8)

T (K)="T,/2+ T, (k) /2 (9)

T, Tk B RO T,, (k) 1% 3 3 0 B e
ﬁ(@ﬁ)%hﬁ%ﬁthtk%ﬁN»x@ﬁyﬁﬁ
T TH S, 3B, KEO/NIVZAFI>E2—5D
EABUIEIZ X DY 7 N7 TERL TWS 2D, k
FHOH SOV AHEBEICHAWS ZKBEBLOP VEIE
1%, (k=D BEV (k—2) OEAATHR L = EEMIC
KD HIEL THERE L 7.

—WENT 2 AAA 9 F UKD BMARERRIEHEA >N =8 AT LOER M (HEE - fH) -9-

3. EERER

4%, L,=1mH, C,=10uF, L,= 10mH, C
=1000uF, MEWEEIEE (F2 v ISZA v F T AE
¥ Z2960kHz, > N—% PWM/INY — 22 20.8
WCHEL, HIERICBWT, PVRIEFRAHNEND

REETERD X DITHIFENT A= X 2L /-,
IBiiﬁ%¢ﬁ®%%@ [Ee, RFEEFRI EIRE
Wiy, PVEEep BEOP VBN ipy OFEBIPEI &5
a5 — &%T’d‘ 728, THDIZPWMY 7))L ZFR< &
BEHE, E, & LIZRRBEBIOCBIRICEHRT 58
3REHI RMS, Iy & Ly ITRHBHROPWMY 7))
A RMS, PFIIREIIER, LyldA1 > N—F Rk
BN 2D P WML RFIZSRICE £ 55 3 K
B RMS TH 5. F/2, ALy & Al ZEIRBERD 2 5
AR BEIEPWMY 7Lk O ZEBE (pp ),
AEpy, & Ay, 3P VEEBLUP VEIRD 2 5 FEHEE
oy OZEEE (ppl) THD. EPAFLTIE, R
BIENHTEATBD, £EPVEED T TRV,
Fav/NiZkdA 257 FBIE-RRINT > AAA v F

. \ /
\/
AN 7
iq
€py
iPV
E =100.2V (THD:3.18%) I, =8.99A
E; =317V Al =0.27A
I =5.05A (THD:0.56%) Al60 = 0.19A
I; =0.017A
1159 = 0060A Epy = 2196V
1161 = 0057A AEsz = 696V
PF =0.995 Ipy =2.77TA
I,; =0.028A Alp, =0.11A

3 EHFEE (200V/div, 10A/div, bms/div)

Fig.3 Experimental waveforms.
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Fig.4 Waveforms with distorted utility voltage.
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Fig.5 Waveforms at C=1000uF.
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Fig.6 THD and harmonics of current.
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