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Single phase locked loop based on improved loop filter
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Abstract: The filtering performance of a Phase-Lock Loop (PLL) is insufficient because of the saturation suppression of
PI controller. Thus a single-phase PLL based on an improved loop filter is proposed. The PLL improves the loop filter and
the filter performance by adding an anti-saturation Pl controller. Where the input contains both DC and harmonic
interference, the phase-locking precision can be clearly improved by tracking the real-time phase of the power grid.
Matlab/Simulink platform is used to simulate and analyze the adaptability and anti-interference of the improved
single-phase PLL when the power grid is distorted. Experimental verification is conducted based on the experimental
platform with the TMS320F28335 DSP development board as the core. The results show that this method can quickly and
accurately track the frequency change of the system and achieve the phase-locking effect.
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Fig. 1 Schematic diagram of traditional single-phase PLL
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Fig. 2 Schematic diagram of improved single-phase PLL
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Fig. 3 Schematic diagram of nonlinear saturated PI control
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Fig. 4 Simulation results of PLL with voltage frequency mutation

BOAHMAALR ZER N, BT PR AR A B
WRZEMS K, AW,

K 5 A R AR AR, B E SR, [
FE, 24 t=0.03 s B, AHAZFEAE 90°, BiAHIA 2L 0.06 s
Ja, RS MR fEREST, Sulk
Ja BB FEAR AL BRAR I, BAHIR Z ORI AN, 1
T ALgeBitaEs, LI 5(c).

R R SR AR, B AR 25 R 6 B,
AT DL H R X 2 A8 6k A A 1) B AN A2 AR B
B, A TR P AT DA SE RS HEBIAE . DSt s B A
INERZE T T AL U AR A ZE A K, ZEAHEIA,
ik 6(c) s

100 ¢
SJ 0 ‘ “ I,
7100 L 1 - L = 1 Il L 1 J
= 100} | |
<
£ 100 [ O ‘ ) ,
0 0.04 0.08 0.12 0.16 0.20
tls
(b
2r MPLL
3 [ R - B
z T
;':_;"’ ot 0-PLL
0 0.04 0.08 0.12 0.16 0.20
t/s
(c)
& 5 BEHRMRETHEMAESER

Fig. 5 Simulation results of PLL with voltage phase mutation

| grid
100 i L
|
0 ‘
- ] 00 1 1 v 1 1 J I

|
} (a)

100 !
100 A . ) ) ,

uwv

Phase/rad
<

Phase/rad

-2 O-PLL

0 0.04 0.08 0.12 0.16 0.20
s

(c)
B 6 BEEEREHENESER

Fig. 6 Simulation results of PLL with voltage amplitude mutation

3.2 BMEEGENER. 1K EHHEIEIE
FEBEE, 24t=0.03s i, HR[FEBTEN 20%
15 IEW, 10%MER &, HESRWE 7 B
INo AL G HAR B AR PATE R Iy N B IR RV 38 0
K#10.03 s J5, HABUARTH AR PIE S M



HKIRPE, 5

H T ORI BB I A5 ) SAH B IR - 139 -

Blwts, (Wi EHORMK, H&FHBMAG. &
BEJE AR BRI E N B RAE R &5, KIH
RESREE_b L S ARG, B . a8 P,
fe gy AR 5 Bt Ja B AR BRI IR ZZ XS B, aT
AR ARG ARSI AE B AN B T
PN, HMARZERCR, HEA @Rt ok
(PRI O IR ZE e %, MR/ T ARG
MR, WEhtEAD, BORERE . MR BUE AR
HH PR B BB A £ L X LR 7 BT, R
R A% G AR B A

Phase/rad

0 0.04 0.08 0.12 0.16 0.20
t's

E 7 SBERFIERMTFHHEER
Fig. 7 Phase-locked interference results with DC and harmonics

Phase/rad
a2 (=] ra

& 8 BuARTEHIEIRELL

Fig. 8 Comparison results of phase-locking errors

before and after improvement

W A BT, ATRLVE Y, Sl A B DR
DA R AR B IR AUAE FE R AR L R AR A
HORAMGAZIS PSS RS0 TR S8 AU A,
SEHLERER R, I HLAE M RN & A BRI
AN, KRINREOEIL B BLAR A BAERS BE . UL B
HEA SRR &R REA R4 sl kg -

4 SEWREERSHR

ARG FHET TI AF ) TMS320F28335 DSP
T RARHATIGUE « SL50K FH P E DSP HktR,
— I I g B RAR RO FRL YR, S I e R AT R
AL TEAE, N BRI T . A —hmiF
B, IR g REs R a8 RoR, A 4G
HATICUE, 13 H G 25 R

Bl 9 D Y L PR AR SR AR [ S IR S5 IR, SEh
SR, BINFEAIZEH 50 Hz A8 %] 53 Hz,
2342 0.06s J5, FREF_EFIANEE, SRR,
SRR

] I
o [Ep '
53 e k= oo
> 3 AT DA DA A A A A
o 8 1 *
(=} o | ]
o< i 0 |
SS ! Lok

AR %) — — i Z
/(25 ms/div)

&9 e W ESNE R R SLIG
Fig. 9 Experimental diagram of grid voltage frequency mutation

FEL O R AR o SR AR S B 4 SR BT 10 s, B
HLU AR, 584E 90°, T RARECK, BUAHIN A
FE21d2)0.1s Ja, SERAUH %, IE R BG 5 B
AL RATIORIT, & NAEREDLK

P 11 Dy v o L s L AR I F S35 2R, 1h S
B2 R A H e\ SR B Y 100 V 5R22 31 200
V, 221d%)0.025 s (HBIUAHIAEE, REMSERER A
RSN, B0IE 1A AR

i :

! |
! |
! |
|
A A A D ALY

' :
! |
! |
| |

U/(100 V/div)
6/(8 rad/div)

[

t/(25 ms/div)

[E 10 BB ER AR5 EE S ]
Fig. 10 Experimental diagram of grid voltage phase mutation

L

_ I | v
Z 5 1 1
2T | |
e TL AL LAILA LA LA LA g Lg L A
c'g l/ 1 P |1/‘ LA /* L1 L LA LA LA /],/
=he | |
aled l 1 o
=3 | |
& I |

l |

t/(25 ms/div)
E 11 R ERERESIE
Fig. 11 Experimental diagram of grid voltage amplitude mutation
B 12 Dy 0 I A U R LA 2 BRI ) S
BaiR, aRER, HEARESA 20%00 5 K
PR 10% ) Bl BN, 223849 0.05's, SEREIN

'y
|

> |

zsz

53 LY

> S { g LA L = p -

73 I iy e b v b b bt
= = 1 i

— !

53 P

S

/(25 ms/div)
& 12 §EERMIEH TSt E
Fig. 12 Experimental diagram with DC and
harmonic interference



- 140 -

CEEE R R

R . RIS B PR E BRI TR 1S
OL T Be SEPURS THEBAH o

i BRI AR e LA, ek S
FAAHBREIR, 78 F I L R AR IR AR N A v A DR
SERAIAE, FE LB TN, AR v
L, BUHEPUESR, BEARLF N T Skbr TR
5 &5ip

AT H R e T A i i U A5 PR AR AR A,
e PR g, ST HIEBERE, Ak TS
FHIRH PI A% 2552 28], T CVELE RN &4
WA LR TP 00 T AT RS HESURH (1) e @ o [R]Is)
U 5 IR SRR B P TN E D R AR B, 1 B P
ERH SCIL IR ER AR, Hemfe, sHE/D, 77
i DSP (IS H o A i HANSLIR I UE 1 %8
WL BN A T RR LG L RE,  7E LUE 8 RedE I
WA A AR B 4 S T 5
SE Rk
(1] &%, &R, miE, & MR IEH A P

H R[] BIE AR, 2014, 290 T) 1): 257-265.

ZHAO Xin, JIN Xinmin, YANG lJie, et al. New

unbalanced control scheme for grid-connected inverter[J].

Transactions of China Electrotechnical Society, 2014,
29(S1): 257-265.

[2] LIAO H, CHEN Y. A novel phase-locked loop for
three-phase ups under distorted utility conditions[C] //
International Conference on Electric Information and
Control Engineering, April 15-17, 2011, Wuhan, China:
1076-1080.

(3] BRI, 3~piE, EEsE, & T ookBE TR
MBI PA[I]. T EOKR, 2009, 43(10): 89-90
CHEN Shun, HUANG Shoudao, WANG Degiang, et al.
Single-phase phase-locked loop based on modified
instantaneous reactive power theory[J]. Power Electronics,
2009, 43(10): 89-90.

(4] HF, HFER, WM, 5. VSC st 555 mAs AR

IR EI R RS H ). B RG R 545
], 2019, 47(14): 44-49.
DU Ping, WAN Yuliang, XIANG Song, et al. Study on
key parameters of subsynchronous oscillation between
VSC converter and weak power grid[J]. Power System
Protection and Control, 2019, 47(14): 44-49.

[5] HAIDER S, LI Guojie, WANG Keyou. A dual control
strategy for power sharing improvement in islanded mode
of AC microgrid[J]. Protection and Control of Modern
Power Systems, 2018, 3(2): 111-118. DOI: 10.1186/
s41601-018-0084-2.

(6]

(7]

(8]

[9]

[10]

A, AN, RN, BT R XGRS 2 41
IR A — PRI R 4R 2 I ) ROBEAR 5 1) O 2
WAR[I]. P E ML TREA%IR, 2020, 40(16): 5282-5291.
LI Sheng, YUAN Xiaoming, HUANG Chenhui.
Multi-band filter based on cross-coupled phase-locked
loop: an adaptive filter for detecting system multi-time-scale
oscillations[J]. Proceedings of the CSEE, 2020, 40(16):
5282-5291.

KiFL, 5KT, FRIE, & T TR B0
ROy 0] F B OB AL TR 2 iR, 2016, 36(19):
5318-5325.

GUAN Qingxin, ZHANG Yu, LI Minying, et al.
Single-phase phase-locked loop based on differentiator
units[J]. Proceedings of the CSEE, 2016, 36(19):
5318-5325.

SILVA S M, LOPES B M, FILHO B J C, et al. Performance
PLL algorithms for single-phase
grid-connected systems[C] // Proceedings of the Industry
Applications Conference 2004 (IAS'04), 39th IAS
Annual Meeting, October 3-7, 2004, Seattle, WA, USA:
2259-2263.

20, ERR, Tk, 5. CIESC S T AR R A
DQ HUHM BT[] [ AL AR 4Rk, 2011, 31(15):
27-32.

LI Ming, WANG Yue, FANG Xiong, et al. Research on
single-phase DQ phase-locked loop without imaginary
signal generation[J]. Proceedings of the CSEE, 2011,
31(15): 27-32.

HAEYL, K, ICF, & RO it B3 E
SBR[ B RERY 56, 2019,
47(17): 75-82.

HU Xuekai, ZHANG Qian, HU Wenping, et al. Analysis
of the influence of distributed photovoltaic on automatic
reclosing[J]. Power System Protection and Control, 2019,
47(17): 75-82.

evaluation of

(11] ok, ik, R FTFEEMR T R4

[12]

[ AR PR [I]. B R G K | Bk aE Rk, 2020
32(9): 86-93.

YU Yongkui, LI
frequency-locked loop based on fixed-frequency
second-order generalized integrator[J]. Proceedings of
the CSU-EPSA, 2020, 32(9): 86-93.

WA, E8I, WA, & T R A B AL
TP HERE T B[], B DB AR 2R, 2019, 34(12):
2584-2596.

YANG Caiwei, WANG Jian, YOU Xiagjie, et al. Accuracy
comparison of digital implementation on the
second-order generalized integrator frequency-locked

Hua, LIU Junfeng. Single-phase



SR

H T ORI BB I A5 ) SAH B IR

- 141 -

[13]

[14]

[15]

[16]

(17]

[18]

[19]

loop[J]. Transactions of China Electrotechnical Society,
2019, 34(12): 2584-2596.

R, T X0 SCRR 2> 4 B PR B PR £ 23 A1 20
FER ARG AR B R [J). E Bk R, 2018(7):
97-100, 119.

CHEN Hui. Application of software phase-locked loop
based on double second-order generalized integrator in
distributed  grid-connected  photovoltaic  inverter[J].
Automation Application, 2018(7): 97-100, 119.

MIIBLL, S, Phoe, 5. — s H b M e A
HIBAHERTFE[T]. HIML S 4R, 2020, 24(2): 96-101.
YANG Xuhong, WU Bin, SUN Keshuai, et al. Frequency
adaptive phase-locked loop based on delayed signal
cancellation[J]. Electric Machines and Control, 2020,
24(2): 96-101.

BT, WP, 225, 55 R X0E 3 A
AR B IR, 1 R G E B, 2015,
39(13): 151-157.

LU Guanggiang, JI Haiping, LI Jia, et al. A single-phase
software phase-locked loop based on double moving
average filter[J]. Automation of Electric Power Systems,
2015, 39(13): 151-157.

kAR, P, R, . B TX dg RHIE )T
TN BAR IR FPGA SEL[I]. v HL 2%, 2020, 56(3):
182-189.

ZHANG Shunan, LUO Haiyun, CHENG Xiaoxuan, et al.
Realization of positive & negative sequence component
picking up and phase locked loop using FPGA based on
dual-dq transform[J]. High \oltage Apparatus, 2020,
56(3): 182-189.

BRER, XU, BT BOdt B B OB ) AR 1 B AH B AR
Wigi[J]. BaEiER, 2020, 41(4): 51-55.

CHEN Rong, LIU Chao. Design of single-phase phase-
locked loop based on improved second-order generalized
integrator[J]. Process Automation Instrumentation, 2020,
41(4): 51-55.

WRBARR, S0, FliEIR, & 5T R Park AR He AP
BFHFR T FU]. HS 43K, 2019, 56(17): 1-5, 12.
OUYANG Sen, MA Wenjie, KE Qingpai, et al. Design of
unbalanced phase-locked loop based on inverse Park
transform[J]. Electrical Measurement & Instrumentation,
2019, 56(17): 1-5, 12.

TFR, Eiaw, HE, & AT RESHET NS ER
U4 A i R AR AL R[] W) R E Bh i, 2018,
42(21): 160-168.

WANG Zimin, WANG Juanjuan, FU Chuang, et al.
Individual phase control of high voltage direct current
based on single-phase locked loop[J]. Automation of

[20]

[21]

[22]

[23]

[24]

Electric Power Systems, 2012, 42(21): 160-168.

VLA, EE. TR T SOR A Y AR
PR B[], A TR, 2017, 51(3): 111-113.
SUN Shijie, YAN Haicheng. A single-phase phase-locked
loop structure based on new second-order generalized
integrator[J]. Power Electronics, 2017, 51(3): 111-113.
KL, B, bR BT of 2 RIEBE AR X
o3 B PR L[], ) R GRS 54, 2018,
46(24): 135-141.

ZHU Jianhong, HUANG Qiong, MENG Bangbang. Direct
decoupling wind power grid-connected phase-locked
loop design based on off component filtering[J]. Power
System Protection and Control, 2016, 46(24): 135-141.

W rete, Z7KOR, IMEL S5 — MR T RID e A hr AR
e (1) B AR BAR IR B R[], H TREER 254R, 2012, 27(6):
147-152.

TAO Xinghua, LI Yongdong, SUN Min, et al. A novel
single-phase locked loop algorithm based on synchronous
reference frame[J]. Transactions of China Electrotechnical
Society, 2012, 27(6): 147-152.

SCuURR, SRAUE, THE, SF WERXUR D AAR 2T SRR
MR, 1R % A 30K, 2016, 40(20): 114-120.
WEN Wusong, ZHANG Yingchao, WANG Lu, et al.
Phase-locked loop technology for single-phase system in
decoupled double synchronous reference frame[J].
Automation of Electric Power Systems, 2016, 40(20):
114-120.

FAER, W, WET. AN A0 i e AR
B I B IR T[] I RGR TS
2019, 47(15): 108-115.

WANG Jiahao, PAN Huan, NA Chunning. A new
grid-connected phase-locked loop design under grid
voltage imbalance and harmonic distortion conditions[J].
Power System Protection and Control, 2019, 47(15):
108-115.

Ig#5 HER: 2020-09-06;

{&EIHEA: 2020-11-29

fEEET:

RIFH (1995—), F, AELHRLLE, HALTAATHL

R KB 54 M AK; E-mail: 1471551541@qgqg.com

)7,

EE7(1973—), K, @R, #ix, HEHFLLES
FEFTAATAHLRERLECEHF ALK E-mail

327028229@qq.com

EH®K(1959—), B, #ik, MEHARALFTH, FRLH

A8 A A %A S A R AR Ak 32 %) . E-mail: wwg59@
xju.edu.cn

(4mit ¥ 3r)



