F£42%5 F3H
2022 £ 8 B

Vol.42 No.8
Aug. 2022

2 9 8 % Wk &

Electric Power Automation Equipment

ST B RI2E AR U R 5 A A TE ) - U 2 i il RS

% El)é%}g?z’i%&%lyg':&ﬂﬂgl’ﬁg ifil
(1. P ESAFFHREARNE, LT 100192;2. HRIFERF A5 gL TEFR,LH &% 210023)

PR ATk 2R R B AL W R - R R G SR AR, B R MR TR B AR A L BT
— R EDR T ERABHRADE TR I ML A XL -0 E ZBIER R, ZREARZ R %
RN BEFTF R ER T EART A B AR, B A4 E MR TR BRI o H XAHHRERE, FAEAETHL
DT LB R H T8 BAA R, AR AB L B3RS AXREHEFHNEMR T EAZE LA -BE
TEAMGREAFZL, N EALA S ERZR SRS CERAY , ERGRAALD S ETH ARG R HES
B # . AT MATLAB / Simulink #5381k 5 A & #4 B) AL 4 o, ROBEAY 3@ 3 45 A B HE T AT 4% SRk 09 A 2O &

H AR T AR T — b R Rk ey AR

KBIA Ak Sl B R AR AL R - R A 5 XA R AR SEZ FH R E

FESES:TM 761

0 3%

A 2L TR K 2238 2ok O D A8 3t 242 A ST Al
D, - O 8 3t i P 4 ) 2 R H 1) R 0 AR E
K fig it B R BsE S SR, A 50T AR
T AR R /NSO M 3 Re ) 2255 1, oy
SR A X Y R AR ABE P A BELE , UL R D AL R 5 |
B2 B SE AL A P LR A S WD
DINERIIR Y W o SR A e € e & o AR e 15
FVBE P 115 0 LS 287, A 2k 3 1 0 A =X HL Y
it REE T

Ry T b e b ST H XY (R H BB T 3 R U
[@] 25 & LML VSG (Virtual Synchronous Generator) 5
1 g K 481 [7] 25 HL LVSM (Load Virtual Synchronous
Machine )™ I 2 Bk 01 [R) 25 Ak s L 0 o SCiR (9]
G3HT T AR AR X A AR R R T
TH R 2545 28 g (14 R HOLTR] 25 A0 i v 190 18 — 00 3 5
W BT KEAPA ) 2D A iR 0 1) o 2l - s, & A
SCHR R Z (8 e 5e Z WL IF B R G0 ) T 45 ) 3R
W01 3 ) TE T — R T RS2 VSG Z [ T V)
B Bbn. BRI, IFER VSG RIFE AR S8 T e ds
il LA i T Ty 349 43 J i R 8y Tl g SRt S
HRLIS 88 Y 7 —FiokG i 1Y T2l 23 FE SR W 2 R g =5
T B 15 1 Rk B 9 i 1) PR 22 AT TR T 3
A TR B R L RG] SR Ry e R4
25 SCHRL16-17 [H2 1 T 2T R 29 VSG L) -
HL A5 D7 v O AT e | 1R s TR A
Wr#m B #7:2021-09-15; & B H #7:2022-01-05
TELk AR B #1:2022-04-14
EE&WMAB B R aAH5Ee58)7 8 (51877201)

Project supported by the National Natural Science Foundation
of China(51877201)

M ERFREAD : A

DOI:10.16081/j.epae.202204045

LA i P A P A B B0 A L (H R R R
VSG [ 4 & % BEATT , X J6 1) 43 i R B A 52 i .G
YGAIF . SCHR[ 1817 JE IC H £k % 1 BHL % %) 4% 45 VSG
IR BRI, 42 T 5T R R BEAT
A - TJC TR ), DA T S B G 3 RS A 0 B, (HL
TR L R B BT, FRAR T % 5 1R 1 S A
SCHR[ 19 1R U-Q 18R 2 14 7 =Xtk 4 1 6 D RS i o
B, {H 2 5 EoR AR M A A BE LR fL R, HLZBE T VSG
[ A BT o SCHik [ 20 2R FAROR 42 il 45 S 30 T i UL 1)
HLFEA TR B AT AR B A 38 I H R X e
SYBCHEATTRAN AT o Bl o0 A X — B AR )
RGPz N, SCEk (21 1424 T 3T — 2tk
B S B ) R S Rl BT A
TE (SRS T JC I A B 2 TiE DL R
FIPREK &, (H R R % 8 )2 &k Xt e o 1 %R
B, FEAR T R G TENFI %, B Bk s
Braln, E A BRGS0 1 RE 0L ) A5 Ak A i I ) e g —
ST I R U Gl N e
P S  AEADAETE LA R A2 DR % & VSG ] i)
LR IEBEATT , JCTIX 20 BORE BEAS 2 s AL Gtk h 45l O
KA FEME Y M2 s QA F I LVSM 2 51} &
SR AT S5A T FR 2 R R ik
TCI T2 0 R A

AR SCHE 53 BT HE 00 1) 2 Ak B e, 19X TG 3 — Fi R 0
VR RR T AR 4R T — AT R LR A AR i
TR A TG Ih 25 8 1 b ST AR R 0 4 A G - FL T
P R o R MR A A =X i =X A
AP Kl 0L [ A5 A L4 il 25 ) A A IR 38 15 5 0T R S48
TCIIbR £ B K 3 11359 | R AR A IEA , 6 L 2R b
SRR T T R e BRI A% T 25 K v G 0 B LA K
P TR, 6 4 v 2R G0 TG T 2 o R SR A [ ) i
THUEE R sh AR fn a5 B UE T BT



@ L/ AR {7 G-

Fa02k

RS 1) A R0 MR T GET0 - v T A7 ] S i
DR I Xt oD A R A 1 DL AT 1 o0 #r AR
T oA Al s

1 EIE SRR M B T I - B R T R

L1 ENRTHESEAR

FEF BRI E LB A 19 IF: 2 2 T2t A S
HyHIHERI W E 1 . B P Q35 AR i de
A D s T 5 U U a3 ) DR 78 e i 11 FEL
JERY d g 553 2 %0 5 0 A8 i # 1Y B 4005 1 £
B sm R EHE S U, AR Ay BLR L R 5 L. C 41
)k 28 GRS 2% LR VLA Z, AR T A T i
R YT . AR AN B AT LR B A R Bl T 1
faf , A L LC U8 P An i AL . FE il 48 R AR AR
T I AL R e, R 6, DA S LU
i TEAT D3RR 38 3 45 1) B33 7 2 ok o o] o 10 A
FF = AHAR AR, i SEai g il 5 1 .

Ui
.

R o T TP e s
Ro [T IR | b

Uy ILabe

ira

/b

L%

b rv'évx A A iabc Zl
?:gﬁ‘i Udc L ;I \)”abc
C
i
B ETEMRSIEAREHF MR
FEHMREEGIER

Fig.1 Topology structure of grid-connected inverter
based on virtual synchronous machine technology
and its control block diagram

A ) 20 A AL e LM e, R 40 ] 20 A8
e BIA -SRI RN

w_,
m(m (1)
Jo,—=P -P.-Dow (w-w,)

ds

Pm:Pset+KP(wn_w) (2)

K J R TR I R L S s 0 AR AR Y R
UG FAIIE s 0, NEE AR D R E REG P,
SRR A R SR D 6, Tt Gl A A #
m= )i K, AAT-IE N RGP NA D)
DIV e

(DA (2) AT A, Y D=J=08, lEHL[E 2
A AR A TSR 3 6 B AL GE 1) P-o T T8

1) P HIEAERT, AR 4S8 VSG. BLRT, B
ANy 38 K, VSG A% A ThEl R a8 K iS5 1
FATERI /)N, B AL B A ) R A A T 1
K, IFE Sk YRR, 58— R R AT R

)P RHHPEGERSITER T P A TEH)

F, AR A o LVSM . I, BE 25 51 0 5 4 45 22 0
/I LVSM (85 AT T ) 32 0 i 4005 - Ff 00 2320800
0 far D AR W R A R sl 28 S A
PRI, 24 A 6 ey 188 GRS, VSG Y i H A T I
B, T LVSM B985 A IR/, T2 5o
JIN 5 Y AN G fr Y /NS, VSG B iy A Th TR AN,
1M LVSM 9% AT DD K, RE4sn. A
LT VSG 5 LVSM £ Th 5 T AH Je 1) iz 17 4, 78
TeI TN ER )71, VSG 5 LVSM ¥ a] V5 K oy v 5 Ky
TR D P B T Tl far SR A S 4 . SR I BRI AP &
HL ML Y 5 4 R 5 R 40, 5 VSG B LVSM A HE 124 3l
Pk S RSy, =X (3) i .
E=E +AE
BE 0.0 W
KB, AE 53500 0 28 3R B9 L 3 M Q)
h VSG fii th T PR S AE sk, N TC T - R I
HR 8 R 25 2 B ML A Bl i V8 SR, TE T T %5
A Q, T LI 2 (4) Frs oo - R R 345 O AR
25,
Q.,=Q.+A0=0Q.+K,(U,-U) (4)
K. QL AN TE I YR 8 (H s AQ S LT Dy a4 i
U,.. 0 VSG iy 11228 HL R 9 A3 380 5 U by ity 1152 By
HH R A U K, o - R 3R &2 5. X (3)
A (4) FL[a] pe g T VSG B 9] 9 8 A, Hodiw 1
H AR S E AR (5) e .

Q.-0Q._
= =K, (5)

A1 E0(5) T VA th fE e U R B P o, JC -
LR S i A AR A T7 B S AL 48 Q-U T T 5 72
AR AN B A R AN o e T R AU ) 28 B il 19 2
Tt s T 4 DR R, IR E (1) —(4) AT 52
AT )W 3 Je Fo Ty~ s b Sz P2l ol AR S
PR B A H LRI, DRLIRAT S =00 3 42 1l 350 o AN P
ARUAE
1.2 EEES R M T I - BRI T i

AU TR] 25 A B I F2 22 10 VSG S LVSM k4]
J, FEPIALZE S5 R0 R AR AN &L 2 B s o 2B (=

E U V/ V/ % E
S e | B U Ze | &
O S0
VSG P ZH -~
Pi+j0, Py+j0,

PL+j0.

B2 EME SRR M SRR R
Fig.2 Equivalent circuit model of virtual

synchronization technology-based microgrid
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Fig.4 Block diagram of distributed secondary controller
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considering remaining reactive capacity constraint
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Distributed reactive power-voltage secondary control strategy of
independent virtual synchronization technology-based microgrid
WU Ming',LU Zhenyu’,SONG Zhenhao',LU Zhipeng', XIONG Xiong'

(1. China Electric Power Research Institute,Beijing 100192, China;

2. School of Electrical and Automation Engineering,Nanjing Normal University,Nanjing 210023, China)
Abstract: In view of the primary regulation characteristics of reactive power-voltage control in independent
virtual synchronization technology-based microgrid,based on the virtual synchronous control technology,a dis-
tributed reactive power-voltage secondary control strategy taking into account the remaining reactive power
capacity of virtual synchronous converter is proposed for independent microgrid. In order to improve the
utilization rate of reactive power capacity and average voltage level of the system,the evaluation of system’s
average reactive power unit value and average port voltage value is implemented through distributed sparse
communication between adjacent virtual synchronous machine controllers. On this basis,the optimal reference
values of reactive power-voltage droop parameters for the virtual synchronous converter are obtained through
the proposed distributed secondary controller,so as to realize the optimal allocation of reactive power and
voltage regulation, and improve the power quality while improving the utilization rate of reactive power
capacity of the system. An independent virtual synchronization technology-based microgrid model is built
based on MATLAB / Simulink, and the effectiveness of the proposed strategy and its superiority compared
with the traditional reactive power-voltage regulation strategy are verified by simulation.

Key words:independent microgrid;virtual synchronous machine;reactive power-voltage characteristics;distribu-

ted control ;remaining reactive power capacity;average voltage

(E4% 62 continued from page 62)

Impact mechanism analysis of virtual governor on transient power angle
stability of VSG
ZHANG Wei',HUANG Wen',SHUAI Zhikang',GE Jun',SHEN Chao’, CHENG Huijie', SHEN Xia'
(1. National Electric Power Conversion and Control Engineering Technology Research Center,
Hunan University ,Changsha 410082, China;
2. School of Electrical Engineering,Southeast University,Nanjing 210096, China)

Abstract: As an important part of primary frequency regulation, VG(Virtual Governor) is extremely important
for VSG(Virtual Synchronous Generator) to maintain transient power angle stability under large disturbances.
The LPF(Low-Pass Filter) and HPF(High-Pass Filter) type VGs are taken for research objects,the corres-
ponding VSG transient large signal models are built. The extended equal area criterion is adopted to ana-
lyze VSG transient power angle stability mechanism considering different governors, and the phase portrait
method is used to quantitatively research the impact of VG control parameters on VSG transient power angle
stability. It is found that decreasing the cut-off frequency of VG will improve the system transient power
angle stability,increasing the gain of LPF type VG will strengthen the system transient power angle stability,
while increasing the gain of HPF type VG will cause the system transient power angle stability strengthen
first and then weaken. When the gain and cut-off frequency of VG are the same,LPF type VG has a larger
margin of system transient power angle stability than that of HPF type VG. The correctness of theoretical
analysis is verified by the simulative results.

Key words:virtual synchronous generator;virtual governor;transient power angle stability;low-pass filter;high-

pass filter
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Fig.A1 Flowchart of distributed reactive power-voltage coordinated control
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Table C1 Control parameters of microgrid system and
virtual synchronous machine

ZH g ZH Jigiss ZH gl
HUE IRV 380 ST/ mH 4 ke 0.03
HUE A2 /Hz 50 JEW L HT/mH 5 kv 20

Zo/Q 0.12+j0.942 R LS uF 25 ke 10

Z,/Q 0.1+j1.256 J 8 kio 250

Z5/Q 0.1+j0.628 D 9 Tyms 10

Z5/Q 0.05+j0.628 Kp 13089 n 5%

Z4/Q 0.1+j0.628 K, 3214

Z5/Q 0.1+j1.256 kq 0.05
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Table C2 Experimental results of different scenes
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