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Independent Excitation-response Mechanism of PLL-based
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Abstract: For evaluating the capacity of wind powers, photovoltaics and other power electronic grid-connected units
supporting power systems, the core foundation is to correctly understand the unit’s functional role(i.e., the unit characteris-
tics) that unit adjusts its own internal voltage amplitude/frequency according to the active/reactive power imbalance.
However, the mainstream PLL-based grid-connection structure in power electronic units seriously hinders the under-
standing of the unit’s functional role. In particular, based on a specific PLL-based grid-connection structure, the industry
and academia at present form a “grid following” role perception that the internal voltage of unit follows the grid voltage or
terminal voltage, and have not recognized the functional role that the unit should take during the system operation.
Therefore, through an in-depth understanding of the independent excitation-response mechanism of current control which
is hidden under the PLL-based grid-connection structure, i.e., the internal voltage response depends on current excitation
alone, the functional role of PLL-based grid-connected units in which the active/reactive power imbalance independently
adjusts the internal voltage amplitude/frequency is clarified. Afterwards, a role characterization method for unit is pro-
posed based on the relationship between active/reactive power imbalance excitation and internal voltage amplitude/fre-
quency response, i.e., the amplitude-frequency motion equation. Finally, the inevitability of characterizing the role of

PLL-based grid-connected units through the relationship between power excitation and internal voltage response is elab-

orated on, and the existing limitations in the understanding of
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Fig. 1 Schematic of circuit and control structure of typical PLL-based grid-connected units

(Take a PMSG WT as an example)
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Fig. 2 Cause-and-effect closed-loop regulation process among line current, internal voltage and terminal voltage

1.2 FB W E & 5 P ER RO ER 7 — PO FE B3 ST S mh

Mg Bz FF IR Z 31

TEE] 2 FrR B2 B LU | PN HL S RN L — 3
(] % DR SR PR AR et A b, X T it A I P 1 4%
TG A B4 28 3 L I VB I PR 18 8 I ) i 11 %) iy
HUHT 5, I YRR & N AR R R A
SANE 2 [R]— DR 26 Jim A5 1) A e Ml 7 45 58, 24 AH
I DR 15 5 A T 28 3% e 3T A g L T 5 L S B B
S S A A IAE O AR By, B
R, WK 2 s, e A sl A BT I B, 22
Rk TR B N BB R B2
L I UL S A7 B T A PN L AR T I U U
L R AR, B

I= Ll—ff(E—Ut)dt (1)

P () TR D 30 LA A LA T, AR

S5 T IRl B LR AR S IR A TR Y
B LR I3 R AR, B R Ay oL £ B A
SEME—BRE R e 2 AR 1 EEAHEORTR  HL IR
Uy vk SRS a7 - d TR RGN KL S ol T2
LA AR, (ER A I ) e U Ay
HL AR RS BR b RAH ELTCAR B4, B8 R ) s it
F R SE A AT DL A A I A 2k B i A 2 5 B

HH A A R A 1 (1) B i FRL AR I 2 TROC 2R
B P, P 1 REARAECORR 7 A FEL A 42 i [R] Fof DARE
P P I 2 e L L A L A R R Ak, e
ATLARIEL 3 H SRS D2 e FL I 1 B A S R g 3
N, BRI AR A L R A FE A R
SRR ATOC R E B I . B ERE,
dq BTN ASFEE IR FoR . st M

TLAN R AR SRt A (5 SO .
LG R 3 AR I 2 RS R Y
LA HL AL A H A S L e =3 1] PR R AT BRI 1
R AT EDRA A - A 2 (a) RS AR R, — B K
S, AN 2RER i P AL O 2 AR S (E B AR AR, TR 4
Y 24 % L U012 DL IRT PR e G045 1l v R sl A T 475 4R
PRASF AN 1) PAT R S [ 3 o 20 D0 P JE P G R 24
WA E 1 AL 23 R I Sl A AR Ak, e 2(b) i
7 5 SR SR LIS P E AT P H AR [ e Y
i FRL R — A2 A P T R R o, 2k — 2P (A P P 3l
A, NIE 2() F7n s S AL N FL 3 Ho A
e N LA S AR T M 2% SRR B L T Bh 2
7 Fof 5 B 1140 2 ik L T 3 25 S5 WA B 2 AR A Y
DAY L A el e 9 Y0 PR R 2 TR AR B i o T 3
A BT AL FL YR S L s 0 5 U e R 4
SR N FASIAS NS, AT I A —
RER o2l EIES 41232 SRV EU SN2 SR RS AR S S
R, A0 A 0 L SRR 24 TR R ) i o T — AR 2
R 7 2 R 15 A R B, H P B A A ) i oL
{7 LS B bz AT L ph 2 P R PN P A e
FELJRS P AT SR A ) R () B R QR o i
PR LA AT i — 20 R e A 118 2 B L 3L R
F1%Y DAY PR B8 R A 42 ) R0 AP il P JR P R 24 SR
HALFPAE o JXPAETE AR ) e a1 A
INTRPHEREE R 1 mT LU T A A 2R B L U
B i N ST ER A AT ] AP A
FRGRITRRAER, DR, s 1 AMRRHE A R
FEL DL A Y PR PR A58 T LA 2 P U ) B
MR TR, BIE 1 R RAEO TR B H A H



5 5 3]

/N 5 B X 5 ) Sl — IS ML) B 5 T R0 sl R B A R AR T 1 5

PO e [ g S 0 2 B L, 3 i R s i 42 o 544 7Y
LA , SEPR b5 R A] 3 KL LA s (R 4
RGN ) 24 5% v T B R S B DAY L AR S R 4 174
LI R IR ENEFT R LRI, i T R R

W8 — 58 B S S 7 S BRAE AT | IR 2 A HE F it
NI R 38 ) 22 TRDRE A7 A ri i 42 ) 330 A
U8 102 FEL L G PR ) R Pt 7l e B R
P TR AT BRI A

r-—- - ---------—-»-—--—-—-«"—--——"—-—-——"-—"-—"—~——"-—"—————————————™— 1
| |
| E |
> 1 E-U, dq’ abe
| -> q » |
I E 1 U, Uy 1 Pl w, 9, I
U g / ! I
| |
| ; f abe |
| 1| ) EDd o T BUHFR ) | E
| 7 LRI P L~
| 7
: K L, F A ©) :
| dq" + B |
7 | I I, - Alj 3 p i I
1 > v Z i Z ad |
| abe q |
| |
L e e T e e d a

B3 RimE A R I SRR - P R e R FE

Fig. 3 Principle for current control with internal voltage response solely depending on current excitation
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Fig. 5 Fundamental formation mechanism of internal voltage in a unit
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Fig. 6 Essence of input of phase-locked error to phase-locked loop
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Fig. 7 Operation mechanism of active/reactive current imbalance excitation and internal voltage amplitude/frequency

response in current control
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Fig. 8 Operation mechanism of active/reactive power imbalance excitation and internal voltage amplitude/frequency

response in PLL-based grid-connected unit
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Fig. 9 System with 3 generators and 9 nodes
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Tab. 1 Simulation parameters of synchronous generator

24 A

Gl G2
d ST x(pou.) 0.361 0 17199
d S HT 2 (pu.) 0.150 5 0.230 8
d HIRE BB 2" (pou.) 0.100 0 0.200 0
q SR %, (pou.) 0.239 8 1.659 8
q M AR« (pu) 0.290 8 0378 0
q SRS ", (pau.) 0.140 3 0.300 0
FEFINPL 1 (pou.) 0.083 2 0.150 0
d PR ST BRI R H R T 0 /s 8.960 0 6.000 0
d IR ST B ) H B T 0 /s 0.050 0 0.030 0
q SRS H L T o /s 0.404 0 0.535 0
q BT ST I IR] K T 0 /s 0.030 0 0.070 0
RESh IR A HIs 9.550 0 3.330 0
IHAEE Py/MW 247500 0 192.000 0
LR E (. Un/kV 16.500 0 18.000 0

x2 HERBEHAHGESH
Tab. 2 Simulation parameters of driect-drive

wind turbines
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Fig. 10 Dynamical evolution waveforms of related physical variables in PMSG WT
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