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ABSTRACT: According to the different grid voltage in many
countries, a novel multiple output grid-connected inverter is
proposed based on DSP control. The grid-connected inverter
can output many kinds of countries’ grid voltage by series or
parallel of two inverters and DSP control. The stability of the
grid-connected inverter is unaffected at two modes. The
operation principle, current sharing of two inverters at parallel
mode, voltage sharing of two inverters at series mode, stability
and relative stability between series and parallel modes are
analyzed in detail. Finally, a 1 000 VA series and parallel
combined dual-Buck half-bridge inverters is established based
on DSP control. The experimental results verify the theoretical
analysis and show the power of each inverter shares well.

KEY WORDS: grid-connected inverter; digital signal
processor; distributed generation system; series mode; parallel
mode
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combined inverters
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Fig. 6 Simplified control block diagram at parallel mode

1 T8 O 89
(K, + 16,09
?(5)= @
KK+ 8,)

WCn=Cp=Cr, W 1 nJ %0, kAR e
AN LG WAR AR 2 48, 2 J0 fan i o U
g LAY 2Cr, )

1
G,(s) = s @)
Kys+K,
2.(5)= K.C,s?+K,K,s+K,K, )

BELE S IS i 1 i A L BELR AT 2GR 91386, )

R,
()_1 2R C,s ®)
B (s) = Koot K, ©)

K,C,s® + (K. K, + K, /2R )s + K, K,
(2) HER,
IR R, WR AR g AR B, it
(DRI 50, o R H H R S B R B B I AR B ) —
e, SR HIAE I

B 7 EHERKER T EERTFIER
Fig. 7 Simplified control block diagram at series

mode
Fh ] 7 45 5 A 5 RO
(&+%m$)
D(s) = (7
+ 22 (K, + 18, 09)

BCn=Cp=Cs, WK 1 7 %0, b % uE H
FAH NG IWARZ M 112, 423535 S o U 4
HERE AR CH2, W)

2
GO(S):C_fS (8)
. () = 2(Kps+K,) )

K,C,s* + K, K,s + KK,
BELT: A7 I i 4 3 A RURICH/2 B IFEG, )



5 24 1 PR fa%E: BT DSP I 22 i H o AR 2% 49
R, 80
&)= 1 RCsr2 (10) o o T
%)= K:ﬁg o = op
K1 'g? +(Ko—2 5 RL)s+K 5 :;18
m%%%&K%%$%Eﬁ%ﬁ&ﬁﬁ$% 0]
PR, 4T RS A TR H Y S ol

(1) 87 8 AR A RIS ) DU %, W)= (20) FH (1) T gk
—
4R,
1+2R.C,s
2(K.s+K))
Q‘(S):chfsz+(KPK2+K1/2RL)s+K,KZ (13)
TEFFERE DR, hix(4). (6), X (9). (13),
DL 55 WA v 4, B IR Fls A TR AR A
AR, M HAARM R E T, ARG RE. PR
R0 R OO FRREE U 2 £, LR 2
FR PR U HH FUR O RSN 2 £, TP s AT
A5 ) HE HE S 25 0 A A%
3.2 HERXEXIREMER DT
57 WA R I R G AR, (HANRESY
M 2R G A A M, W AE A B FIURH A 4 B 2 il
BN REBEAMEREEER. BT A
B 2R 48 WA A BETC 5 R, DR BB 06 AH A B

G,(s) = (12)

S AT R
(1) JFHAE,
WAR R IT AL 38 R KN
G(S)H (S) — 2(KP + KIéS)Go (S) K2 (14)

HUK=50 000, Kp=5.1, C=9.4 puF, K;=0.3,
K;=0.024 95, R =12.1 Q, R45:(3). (5)FI(14)nI 43
AR BEAE N TR R I, W] 8 s mI s
BBONTBEL PR8I (R AH F 8 B2 43 0 ok 78° 1 83.4°, il
JERSEMEER

M/dB

10? 10° ' 10* 10°
flHz
(2) &I R

R T T T
flHz
(b) BELPES A o e TR
B8 =z EFIME M RN TR IEE
Fig. 8 Bode plot at parallel mode
(2) HEBA
V'S eI BIN LS E TSR]
G(s)H (s) = (Kp + K, /5)G, (s)K, (15)
2K,
X T R IS A PR s 2 I IBASE P % 1) A
O, R =48.4Q, HEZHFIFIHAIA, #E(3).
(5)~ (8)- (12)« (LA)FN(L5)AT AN, HRFEHAMFhIZ 1T A
2P BCRH BEL R s 8 I HATAH R R e P ], BT,
Fas AT AR AT AH A PR AR A E
FLB 2 ME A B 0N 1 23 B 45 IR 5 B 44
IS A 1] o

4 KRIGLER

JRECL B, BT — & 5 T TMS320
F240PQAI1] 1000 VA H FFIBEZH 7 xR He 20 M 13
AR B R FREN L. FENLI EER RS E N A
H1 [ Uip=360 V, Ly=Lp=370 uH, Cp=Cp=9.4 uF.
TR it H R A A Uo=110 V, - L AR
f=50 Hz; AR IBCAREA T 4t U R A AU U4=240 V,
Hi, 4 471 % =60 Hz

Kl 9 JEAN AR B PR 2 T SE B0 B o ]
9(a) A& IR 2T BEL PV 80 4 HH F s uo s 1A 25 1
ot PR IR o A AR 2 2 i HH P IR oo PR SE BB o 1
9(b) 72 H IERASE TS L 5 23 I A %) % b PR M 300
AR 1 L Uy~ AR S 2 4 H FL He uo BT L P
Ttio SIS

ME 9@ R ELEH, RN, il H
WAESY A A 4.746 AT 4,626 A, Hit, %414y
A EATIR U (P33R iy FBUS 7prp 9 1.04%,
T b U IR IESL R LF

M 9b)rhaf LLE H, HRIEER, PR s
i H R RE S )N 1170 VAT 117.08V, A,




50 OE B AL

28 4

o1, 102(8.33 A/K%)  Uo(400 V/H%)

. tl(5 ms/ﬁ%;
() JFIRARLK

lo1

Uo1, Uo2
(8.33 A/K%) (200 V/K&) (400 V/H%)

t(5 ms/H%)
(b) HIpEAE

9 AFREMEX T BRI
Fig. 9 Experimental results at different mode

B A AR B AR I RO . BRI 6 0
AR EIR I R IE SR BEASRARGE, HLE )i
H M TR SX AR, Horprup 49 1.4%. = 2SR
DAL P K2 S IR R L, R AR
(Rt HL PR AN B2
S PRI oy R L (FRIFR D3 2093 )
mgwﬁgzﬁﬁiﬁﬂum% (16)
N Poutrs PoueMHPou 3 A& AR &5 1. 148 4% 2
YL RIE S

B 10 AR DR T M.
I 2 B TR Dy A4 00 FEBCRAN ARG, %
J R A A 4 PR LA /DS, R LK
HLIE PSR PR, R /AT R 5

10

#1153 1%

1
0 400 800 1200
POUI/W

E 10 AREXTHINESSE sk
Fig. 10 Degree of power sharing vs output power at
different mode

i
800 1200

i
0 400

out

B 11 ARREFET R 2

Fig. 11  Efficiency vs output power at different mode
JEE, B D P IR PR IAT A B e 4 R i IR HL K
R A 2 o« JFIRRE ST, 30N ) Dh 3 1 73 B
1.3%; HRIBCAT, IR I Th R 70 B2y 0.03%.
PRI, %215 A s AT IR AP i D) R 3 00

B 11 R IFR RN R R i . AR IR
NIRRT R, R

AR IHCASE S 1) % R4 i B U LI DR IR SR 4%
25 I FhRR A AT, T4 RS A TR R
B PEAARIN , FFIBAR S TF SR b A BRAS 0 10
i, BRI, JFIBCRE R TSR0 bE A IBRAS 30 10
K, RIS R BT IR R e

5 it

ASCHEH T — 3L T-DSPE il 1) ml iy 22 AN [
SR FL I F RIS [ R R IR & X I AR 2, ek
TSR TAE SR B, 08T T W 500 AR 38 7 R Ik
B 3 R AITE A N IS8R, &It
P A 38 A7 B X0 R G A e Ik ARG B M 11 3
M, JFLA—% 1000 VAKET-DSPH I £ - HE4l &
OB e R AR 28 R 8, TEAT TSI UE . 1%
AR HAT L R LA

(1) HRIPR @ s i i e, R
E N %t FE R AT AR e (1) 1 5%

(2) i g 0l H 8 i PR RO 5 o TR
ST IR N B R R R N s I, WY
WA BRI D) 23 5y BE

(3) 4 A = PR R R IR P A T
H I PP IS AT R 20 R 4 1) A M R 6 AR e
HAA.

S 30k

[1]1 Huang Yi, Shen Miaosen, Peng F Z, et al. Z-source inverter for
residential photovoltaic systems[J]. IEEE Transactions on Power
Electronics, 2006, 21(6): 1776 -1782.

[21 BRI, W7, S8, I RS SR Y AR AR B R A R B



55 24 3 ok 2255

BT DSP #2102 4 O 3 AR 51

(3]

(4]

(5]

[6]

[7]

(8l

[0

ARSI, A EEHLLFESR, 2006, 26(9): 108-112.

Gu Herong, Yang Zilong, Wu Weiyang. Research on hysteresis-band
current tracking control of grid-connected inverter[J]. Proceedings of
the CSEE, 2006, 26(9): 108-112(in Chinese).

Whisde, A, B, 5. POET AL S IF I £ SR BT AL
[3]. HEEHL TSR, 2006, 26(18): 61-64.

Yao Zhilei, Wang Zan, Xiao Lan, et al. Research on a novel
grid-connected control strategy of inverter[J]. Proceedings of the
CSEE, 2006, 26(18): 61-64(in Chinese).

ERE HR, Bhikg, . RS XU R ] T g
TSR], T E L LA AAR, 2007, 27(1):  54-59.
Wang Zan, Xiao Lan, Yao Zhilei, etal. Design and implementation

A

of a high performance utility-interactive inverter[J]. Proceedings of
the CSEE, 2007, 27(1): 54-59(in Chinese).

FHRIC, AT, B . RIS A A Y R )y A
MRFSE[I]. P AL CRES4R, 2003, 23(7): 62-66.

Wang Jianyuan, Ji Yanchao, Zhao Banduo. Research on a novel
single phase inverter source and it's modulation technology
[J]. Proceedings of the CSEE, 2003, 23(7): 62-66(in Chinese).
RBAE, DG —FUBRU B ORI N Buckif AR 35 [0]. PIE
LT FE2%4R, 2005, 25(20): 12-15.

Zhu Chenghua, Yan Yangguang. A novel series /parallel output dual
Buck inverter[J]. Proceedings of the CSEE, 2005, 25(20): 12-15(in
Chinese).

Guerrero JM, MatasJ, De VicunaL G, etal. Decentralized control
for parallel operation of distributed generation inverters using resistive
output impedance[J]. IEEE Transactions on Industry Electronics,
2007, 54(2): 994-1004.

Guerrero J M, Matas J, De Vicufia L G, et al. Wireless-control strategy
for parallel operation of distributed- generation inverters[J]. IEEE
Transactions on Industry Electronics, 2006, 53(5): 1461-1470.
Schonknecht A, De Doncker R W A. A novel topology for parallel
connection of soft-switching high-power high-frequency inverters
[J]. IEEE Transactions on Industry Applications, 2003, 39(2):

[10]

550-555.

Guerrero J M, Garciade V L, Matas J, et al. Output impedance design
of parallel-connected UPS inverters with wireless load-sharing control
[J]. IEEE Transactions on Industry Electronics, 2005, 52(4): 1126-
1135.

[12] FEsety, XIEZ. REREPATEARLSEIFBAM ]

[12]

[13]

HHL T FE2%4R, 2004, 24(7): 112-116.

Chen Rongcang, Liu Zhengzhi. Analysis of parallel single-phase
inverters of large capacity[J]. Proceedings of the CSEE, 2004, 24(7):
112-116(in Chinese).

Guerrero J M, Matas J, De Vicufia L G, etal. Decentralized control
for parallel operation of distributed generation inverters using
resistive output impedance[J] . 1EEE Transactions on Industry
Electronics, 2007, 54(2): 994-1004.

Ertl H, Kolar JW, Zach F C. Anovel multicell DC-AC converter for
applications in renewable energy systems[J]. IEEE Transactions on
Industry Electronics, 2002, 49(5): 1048-1057.

[14] Weikz. JET DSP I B IF2LA U4 s K I 42 I SRS (T

H[D]. Fn: PR MR K, 2006.

Yao Zhilei. Research on serial-parallel combined inverter and
grid-tied control strategy based on DSP control[D]. Nanjing: Nanjing
University of Aeronautics and Astronautics, 2006(in Chinese).

U5 HEl: 2007-12-28.

fE&E &I

P4 (1981—), T, Wid, YR, W57
TR AT B PR B R AR T S s A
nhyzl@163.com;

MoK@A971—), Lo, R, R, WA
A IR RS AR BRI, R AR A A

P&

(RE ETZH)



