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Analysis of PLL Dynamic Characteristics according to Zero Voltage
Conditions of Single-phase Grid-connected Inverter
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ABSTRACT

By} FEpad o ﬂL‘EEl—E HAK o] Aol A
ol we} A Al LA Aol AFAAY AWE] gt 2=
A% T4(Grid code)o] WS uaOH AL Ak HE =4 AT F
AollAE A Y ARk ofel § #9F AR Al IHE7 Y
4 A AE AAE fA8 FadR & 7HE B AR &
TE A9 AL 878kl Utk A AlaL A, Ala WY JEF
of we} FEHFE A =] 8] e <] PLL(Phase
Locked Loop) Aol S8sith 1oy ol8dk PLL Ao 54
B4 AT Al o3k A st 9 Ala del weEh ks
WA Ha o HG AlaelAe P FFe] BrFss] wiizel &
A9l T’:Xﬂﬂ’ LERdTE B =ReAE 9 [SE ARaell A Al %34

1. M

rh

ﬂ 217 A2 70k o LU x] ¢l
Agol AASEA AT Alal A Al l 74]%
% Wol et Z=re] A% 1A(Grid Code)©l
ﬂ& Y} 283 I E A85a glrkaz <l
H%EM HEo] & ASAAY e Ala
TE s FgEa giok ol#gk Al Ul W
1 JAHE 7} 4 A)ZE AT oﬂﬁla FA 8 FEA
A% B2 AYsk= LVRT Aoz} tii 2 o]
el Ay Astl w gy gt ”Md
3 AZT Alzdle S-S B713A71E PLLY A4
sitk. Q1HE1e] LVRT A|o1d-S $13+ PLL Alojol] &
o]FofX| a1 glon) Alar ¢l ube} dEiA|= PLL &
EA] gk B4 WA gk
e 549 AFAATES A8ste] B Aed
AW 9] LVRT/ZVRT Ao 7192 PLL Ao} 7]%el o
3 ek, AT A exke] A sk B AR 93l gl
PLL &4 54& AlEdlds &3 At

g

2.1 =¥ LVRT #%

a9 1 A A A ARG e QWY 4 a7AES
4709 FA~DMER PR A Sele] LVRT 4% vehick
%o LVRT 4& BAASAAALEE] 100 o3t 447
FAACAGRE] 10% VRO PRET, e B Rl

-80-

FAAFAL e
a} b 10006 ofu= o et
AAZ sk B,

0.3 |-}

5

0 0.15 0.7 1.5 Time [s]
J8 1 S| LWRT 8
Fig. 1 LVRT regulation in Germany
22 A5 M FENMTF &8 A
I‘i’
a [%] A
k=2
100 /
A’Re/ﬁ
_ TRated 2 Dead
AV Band
/VRaled ." =
AN
>V LU,
0.5 0.9 ' T \ a(p.%)
O8 2 Mt Zslol| oist 22 MF &8 4d

Fig. 2 LVRT regulation of reactive current output
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4. AlgsolM A U 2
TABLE I
SIMULATION PARAMETERS

Parameter Value Unit

Rated output power, Py, 3 kW
Rated output voltage, V, 220 Vims
Grid frequency, Fgria 60 Hz
Rated output current, I, 136 As
Input voltage, Vg 380 Ve
Filter inductance, Liny 0.2 mH
Filter capacitance, Cr 822 uF
Filter inductance, Lgiq 84.74 wH
Switching frequency, few 20 kHz
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Fig. 7 Simulation result of PLL operation depending on phase fault

23] 78 AL S1gel wek PLLe) B4 S48 molF sl
th 02zele @ A ALt ARE AL 03200 Al BEs
s Jeplilch o7l Ws APF,  Ws SOGIE 25l
detect_APFS} detect SOGIE % A4 71 ovlghth Akl <=7t
022)°0 0°(a), 45°(b), W ()Pt AR ARt AR B0 3t A
olse FuRRe| gt A7 vheA| Ve ER13 4 SlSitk
As g A0 AAE s 2 7H A9 APF % SO
£ E3 Stk ojg 7P A AL Al FAE Sk wislel
el Aekstar Alsil BEHA et 19 73 2o AL 91l

weh PLL 5 5] 247} v ek bl e

-82-

X o} s}

—

ol g Jhat
| Zero Voltage

|
™ - - | |

025

Zero Voltage I
|

025

Time(s)
8 8 AL Rl W2 v, |, vg AlE2IOKS 22t (APF(4), S06I(3H)

Fig. 8 Simulation result of v, , vg depending on phase fault

a7 82 Akl 9] (°, 45°, 0°d W) AdEE AT Ay
(v,)¥ APFCH)3} SOGI(EHE S8l BdE= 7HEEMv,)S W

Bha Qirk AR Shel 459 W, (v 9 ] mhE BEAS
Beln glom olx Q18] g b7 ThE AR 91 o) B
5401 73 37 vebe B & Utk

6. 22

w wd W ASAAE ABE] LVRT Alo] 74< vekllar

o AQF Al A] Al &=7he] Sl w2} ZeEix)= PLLO] B4
Aol tisll AlEHelAS Fa) vl BAE ko ALEEE
APFE 0]83F dg-PLL ¥ SOGI-PLLE tAto g BAlsle]on Alal
Qo] 45° A ) PLLo| $48F 25438 wels Seleiict

0199 Sh=TizzAtel od7tH| X|Rloll 2|5t0 of
ATZAM, ZAFAo ZAL=RLCL (No. 2019G01491)

%12

[1] Remus Teodorescu, Marco Liserre, Pedro Rodriguez
“Grid Converters For Photovoltaic and Wind Power

System” John Wiley & Sons, Ltd. 2011

[2] Anup Anurag, Yongheng Yang, Fred Blaabjerg,
“Thermal Performance and Reliability Analysis of
Single-Phase PV Inverters With Reactive Power
Injection Outside Feed-In Ooperating Hours”, IEEE

JOURNAL OF EMERGING AND SELECTED TOPICS
IN POWER ELECTRONICS, VOL. 3, NO. 4, Dec. 2015



