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W OE: PWRE RN R R A R T R A S G A AR . AR s R TR AR A SIS, TR
SRR KBRS RS AT S . S8, gk i+ 1E %k %5 A d (pulse frequency modulation + si-
nusoidal pulse width modulation, PFM+SPWM)4z il ' 38 Rt i 2 SR PE K AFAE, B R RE T SGA =R fa
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Hybrid Variable-inductor SPWM Control for Single-leg Integrated Split-source Inverters

YIN Zeyu', YANG Yu!, HUANG Xin?, QIN Ling!, ZHENG Jungiang', KONG Ruyu'
(1. School of Electrical and Automation, Nantong University, Nantong 226019, China;

2. Shanghai Civil Engineering Co., LTD of CREC, Shanghai 201906, China)

Abstract: The single-leg integrated split-source inverter exhibits attractive features for distributed photovoltaic power
generation systems, including reduced component count, single-stage high step-up inversion capability, and elimination of
electrolytic capacitors. However, under conventional PFM+SPWM control, the output voltage demonstrates bipolar pulse
characteristics, and the boost-leg switching frequency f« varies significantly with load conditions. Therefore, the harmon-
ic content becomes abundant, the total harmonic distortion (THD) is elevated, the output filter inductance requirements
are increased, the frequency spectra shift, and the light-load efficiency is reduced. To address these limitations, this paper
proposes a hybrid control strategy integrating variable inductance with SPWM. In the strategy, both legs employ identical
fixed-frequency carriers with the boost-arm maintaining a constant 0.5 duty cycle while regulating DC-link voltage
through variable inductance adjustment, whereas the inverter-leg retains SPWM control for output voltage regulation. By
the strategy,the output voltage is transformed into unipolar pulses, the spectral distribution is stabilized against load varia-
tions,the odd-order harmonics of f is eliminated , and the maximum harmonic amplitude is halved. Consequently, THD
reduction, 50% decrease in output filter inductance, and improved light-load efficiency are achieved. Comprehensive
simulation and experimental results based on a 500 W prototype validate the proposed strategy.

Key words: split-source inverter; single-leg-integrated; variable inductor; SPWM; unipolar modulation
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Table 1 Specifications of prototype

e EiCEl

HNREFME Un/V 100
M2 Po/W 250~500

i R SRR AUE UsV 110
i H HL T BT fo/He 50
FLR R B PYE Ua/V 400
HE R RSO R Sua/% <10
TR f/kHz 20

®2 MEHLERERSH
Table 2 Parameters of the prototype main circuit
Jeft ZH
FFRAE Siv Siv Sa NGTB50N60L2WG(600 V/50 A)

TFRAE S SRC60R022FBSS(600 V/46 A)
b5 s — & D IDW30C65D1(650 V/30 A)
320 pH, Re.4=28 mQ@hias=0
H N LB Lin EDTS59, PC40, By=0.2 T, Ni=N>=140, N:=34,
6=1.7 mm, Ve=51.2 cm?
T KH184060x2, 2.75 mH, Ri=170 mQ,
Ve=42.6 cm®
MANHEE Cin CBB/2x22 uF/300 V
HIREHRHE Co CBB/2x50 uF/500 V+2x22 uF/500 V
e A Ce CBB/4.7 uF/300 V

w=IWR, + PV,
{me Lin**Lin (12)

P = 1R + PoV,

iﬁ‘:f:' Tvin 11 Ruin 73 501 95N FRUER IS HL A RIE AN 3
SERCHLRE s e A Rue 53 ) g H B I P
&Eﬁﬁﬁxﬁlﬁﬂl RCHBH; Poy A1 Peo 43 A Lin A
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L (PGSR BRAARFAERHE s Ver 1 Vea 73 314 Lin
A Ly BIREEARFA
Bl R %5 D BIHFE pp A
Pp = Irz),rmsRD +11;,Up (13)
A Ro 1 Ui 43 5ABT R AR D 15 R HLBH AR
OG- FIBEREs  Toms NPT A D B RIRA B
FERE Siv S3 Ml SaFRH IGBT. Hrfr, Si(i%
RIEZMAE Dsiv T ST FD S REE psi M-
Eoﬁ” sUdc Errfs

Psi = Uealsi + Uy + I + ) (14)

ccT ce

e Isi f Insi 735028 Si F1 Dsi B R s Ucesat
A Upa 53 A B B R FE: Eor M1 Ex 73718 —
FARRROCWT FTiEFEMIBE R s Uee 55 Lee 739919 IGBT
w2 B R AT U

T IF 5 Do SEBL T BHERRWT, #OIT%
B Sy AR IS HBH/NME CoolMos #3f, HAFE
ps2 H:

1 NGT
pSZ = _Cosschﬁ + >stLfUdc +
4 67

(15)

t
ﬁUinUdc + ISZZ,rmsRon + IDSZUFS

m

' Isoms A So BFIHLUA BUHE; Urs fl Ins2 735319
Dsy ()5 R B2 B Rons Cosss fev e 7350
9 So AT HLFHE . i th A TR TA) T I A

FFRE S3v Sa HIARAE ps3 psa FHZE, A:

Ps3 = Pss = Uegalss +Upplpgy +
Claiy g 09
A Iss F Ipss 43708 Ss Al Dss 35 FLL; Eon
NIFRE BRI HFER RE 5

TV ML, VIHSPWM 5 245 B 4
Bl a3 2RI AR S e SR A A A5 FE, RIS 11w i
B HR B (S MOS & Q. Sl BSR4 AI KA H
BH Rs) [P ARFE pees H:

Pees = LyiasUee (17)
A Ue AR 2.5V,

W12 —K(17), IHEEFR 1. 2K AL
3% A)FnZ3, 143 VI+SPWM 5 PFM+SPWM
PR SIS T e A, Qi 13 s

H P 13 BJ 41, VIHSPWM 5 PFM+SPWM ]
N, BV R R BRI AR R AE 500 W IR FS) T
B NN 90.2%5 92.5%; £ 250 W B[4
922%15 90.8%. XFZW], ERBFKMAT. Iri

VI+SPWM TR &2 58 B RS . 5 IR
L/

B 13T LAAE H, 24 P=250 W i, WiARH
ELEPIFP RIS T IR FE e AR SE, S\ HUEAIT
THCE PR B, WS R E R R
fi4 tH i I F ORI R BT 38, 2 Po=250 W I,
VI+SPWM £ il N FIHF XA ZA N PFM+SPWM $%
BRI —2F, PRI R T AR AR 15 LUK IR B
F%. 5 PFM+SPWM #HEL, VI+SPWM #54i1 T fr
5 I D R E T R, ISR R A g2
2 Sk L P S S BRI, R RN FE B AR BN o

20
18.15
18K [ ] PEM+SPWM
16 > Pem235W
4 [] visspwMm
=12
Elg: 2 797 846 846 846 846
619
or 427
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Fig.13 Distribution of power losses
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KRG FE IR AT E R 8930 Il & AR s R Al
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A @wo=314 rad/s,
6.2 TSI
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Fig.14 Steady-state experimental waveforms when Po=500 W
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Fig.15 Steady-state experimental waveforms when Po=250 W
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Table Al Inductor parameters under PFM+SPWM

A ZH
145 pH, R 4=24 mQ@f:1=0, Ry o=28 mQ@f:1=20 kHz,
N FREK Lin Ri2=51 mQ@f.1=40 kHz, EDT49,
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