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Abstract

Based on the closed-loop structure of traditional three-phase Phase-Locked loop, a software
phase-locked loop (PLL) is proposed for single-phase PV grid-connected inverter in this paper.
The operation principle of the presented phase-locked loop is analyzed and its mathematical
model is deduced. Also, the software implementation method of the phase-locked loop is pre-
sented. Then, the influence resulted from the change of amplitude, frequency and phase on the
grid voltage is simulated by PSIM software. The results show that the proposed software
phase-locked loop can effectively and quickly realize the phase tracking at any time in the cycle,
without waiting for the zero-crossing signal of the grid. The software phase-locked loop proposed
in this paper is respectively applied to DSP TMS320F28035 and TMS320F2808 which belong to
500 W dual-channel single-phase PV grid-connected micro-inverter and 5 kKW single-phase PV
grid-connected inverter respectively. The results show that the proposed software phase-locked
loop can achieve the voltage phase tracking and frequency locking well, thus verifying the pro-
posed control method for single phase-locked loop.

Keywords
Software Phase-Locked Loop, Mathematical Model, PV Grid-Connected Inverter, DSP

— M AR A P I SR AR S AR EA T S5
S|

£ &Y 7 F, B, T4, KaH’

MR, 5 B TRESRE, TLIR M

MK, KRS REIRE) T TR R, 195 M

NESIM: SRk, TT, B, EYIEE, sk, — R ADGRIF SRS B BUR IR R BT S SN]SR
%, 2019, 8(2): 5-15. DOI: 10.12677/0jcs.2019.82002


http://www.hanspub.org/journal/ojcs
https://doi.org/10.12677/ojcs.2019.82002
https://doi.org/10.12677/ojcs.2019.82002
http://www.hanspub.org

ek %

Email: yz_yaoyong@126.com, yzfangyu@126.com

Woks . 2019434290 FAHEM: 20194F4H12H; KA HM: 20194F4H 19H

R

EFXTEARFEMIEAERE, ET AN =MHBMHANNREN, XERE T —HRESHEFRSI T E. &
SN THMANEARE, ST HFER, FHER AN T8RRI . FIHPSIM
BAEXT X EIEE . SN R A UL R SRS R TR, SRR XA
BHX. PELIEMNEAHNEENZNME, AESAFENEE SR RRNE SR, 23RATI
A FJDSP TMS320F28035F1TMS320F28084% F2 LB H prig th BB B vE, HoBIMNAT
500 WXUHE & B AH YR H M 2R 2815 kWERADB RS2 a8 b, 45 R 0P H B A4-BUHER AR
B SR B Y B AL A BREF AR R I Bl 5, TAIE T BTdR Y B R S B R R IEH

XK ia
BAFHEER, R, MRS, DSP

Copyright © 2019 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|18

BEE Fr AR R AR IR R, SCRIF AR SR e 7 — MR B B, X T I I LA AR a2 R FL VAR i
i AHOCHRUERR LA T PR BRI e ORI Forbr, 0 100 35 (10 12 ) FlL A0 A9 3 R 7 06 25 5 F A ] 2
X2 2 T AR ) SRR AR . SR, EEORUEIE I IR BRI R A . DRt SR B P D PR R AR R R,
AHFR(PLL, Phase Locked Loop) AR [1][2] [3] [4] [5].

BAT BB SR AR, BR3P BAS S A ri R [6], RIAIF IS AR S48 A . H AT
KA Z 1 PLL BOR — R I TR, BRGNS 5 SLBL, HHIEMERAL, Hxhd®
R RZR R E[7], FUC PR T PLL PR . SCHR[S1FE 2 RN WATRAE . 2 & B 8iME ik, (H
X Ty vk AR R R TR N, R B0 5 AL FL B (DSP, Digital Signal Processor)Xf HL i 2 f ik 4T
IR, MIM#AT AR IE, ARASEREGIRCR, HA0EH T DSP Hh i) 3 ANE R 8881 2 Mk IT. X
AR — PR R AR B B PLL #5856 735, A FU L R AR A AR RIRAE & A AR A I m] A Ak PR
S B AT R 2 B BAR TS TR SRR H e 2 A, R S I I I L I S E R A AR T [F] 2
PSS, AT R . SO BTl PSIM B B FFIE FITE 500 WSS iE 5 AH F I f0d A5 4%
A5 kW A IR AR g b, 3B FUHACR .

2. 8 PLL 532
2.1. PLL JR3E
SO S A PLL (PSR GEH, SRS SR PR PR 420, SRR I B o IEZE (5 5ok

DOI: 10.12677/0jcs.2019.82002 6 g R4


https://doi.org/10.12677/ojcs.2019.82002
http://creativecommons.org/licenses/by/4.0/

FeK 5F

S, A v = vgir vp=0, I Park ABHAFE] vy v, [9] [10] [11][12] [13], T

v, =V, cosf+v,-sind
: )
v, =Vz-cos@—v, -sin@
O ZoR BRI BIRIAHAL S Vg R B LT o
V, =V C0s0
{ R @
V, = Vgiq -SINO

DI IE vy = Vg -sing » HH Vegg ZORH M BEIRE, o FoxH M EML, AAQ)XFE):
V... .cos 6
{Vd grid SIITQ CO.S (3)
Vv, = Vg -sing-sin@
M = A BB AN 22 3 AT 2
v, = Vi [sm((o 6’)+sm((p+¢9)]
S @
v, = ?d ~[cos(go+9)—cos(¢—9)]

), BB, 0=¢ W sin(p-0)=0, #AETHER LT sin(p+6), BIFEH] sin(p-6)=0
FEATSCBLBIAR . X v, R FARII T (5, Hh o, =21

d V.
@y, do _ g“d [ sin(@+6)+sin(p— 6’] oy
dp dt 5)
d V.
d‘:9 (31;9 end [ sin(@+6)—sin(p— 9] o
a)ﬂ =0, +Aw, ©)
dﬁ dv dgo dv dg ™
& dp df 40 dr
dV rid
d—f " [sin(p+0)](2-0, ®)
A DK, F2 T priH 4
dv 1 |14
T b, e 0 9
err dt Za)ff vd 2 Sln(q) ) ( )

W L, s o V6N AR R 226 5 PRS0, PLIT R AORH N op oy
ITRriss, w1192 PLL FIAEAL fdm &, PLIAT SR EEHE N o, FT%, LA E2) T IRE
W — S0 THRAERE . ] 1 mod (2n) FRBAIFRLL 2n A — /\mﬂmﬁauﬁa 0.

2.2. ¥4 PLL B9SCI 53k

M PLL FZHIHEI 1 ATELE R, PLIFTTE I w0, 75 ZHEAT IS5, (EAESLIRmIEL e, LBl
BT+ 2% A IVE Ao R/NAEFE sin (Aw) 5 Ao T AHSE . RIH EARSZIUR,  wRE HL R 3

DOI: 10.12677/0jcs.2019.82002 7 L5 RSt


https://doi.org/10.12677/ojcs.2019.82002

ek %

N ZE5y, A2 E D A 0 = 21/ N, AR e B0 EE BV o + Aco SRSEBUAIAL A 40 H
[14] WAl 2 Pron oAt B s B .

1 A

V=V, v o, o, 0
o grid + ff
— d >(2;°"> PI J i>mod(27t) >
=) +
ALY

Vﬁi» 4 :d/dt—»l/(2-a)ff)

Figure 1. Control block diagram of phase-locked loop
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Figure 2. Schematic diagram of phase superposition
E 2. HuEmnrEE

w3 Arz~oA PLL 25 SE PR AR AHE 1 .

L UNE
S

Y
I%# EN %Eiﬁﬁ‘park/}ﬂﬁél

v
| xtv—prisims]

PIA 5 2%

0 =0 + Ky 0e(K)-Kg 00n(K-1) o 173 [
[

Figure 3. Program flow diagram of PLL
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Figure 4. Simulation circuit diagram of the phase-locked loop
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Figure 5. Simulation diagram of voltage mutation
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Figure 6. Simulation diagram of frequency mutation
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Figure 7. Simulation diagram of phase mutation
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Figure 8. Simulation diagram of phase locking with high order harmonics
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Figure 9. Micro-inverter system simulation model
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Bl 10. fAEKR
5000u J} 4} T22
b 0.68m ’
e
E T4
N E
0.68m .
I DI & D2ZK (SHH )
@HkE E Lo
— Veria
1 g of ql
3000u @k @ JiE Ve O3 D @
- )
C—— —{ e
. DC BUSI 7 a4
\% oy —{ s
7 DLL L4
o o
DC BUSI o) o
o o
o) o
o) o
o) o
Figure 11. Single-phase grid-connected inverter system simulation model
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Figure 12. Simulation waveform
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Figure 13. Simulation diagram of phase mutation
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Figure 16. Experimental prototype of the single-phase grid-connected inverter
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Figure 17. Grid-connected experimental waveforms
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