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Damping configuration of the virtual synchronous generator using gradient factor estimation

KONG Jianhong, JIANG Xuepu, WU Jiangning, XU Wen
(Dalian Power Supply Company, State Grid Liaoning Electric Power Co., Ltd, Dalian 116011, China)

Abstract: Grid power oscillation occurs when distributed generators connected to grid, the model of grid-connected
inverter controlled by Virtual Synchronous Generator (VSG) is established, and its swing equation of VSG control is
conducted using power circle model. The process to the linearization and independence of active and reactive power is
realized by introducing gradient coefficient. The optimal second-order step response model of input power and output
power is established, and the damping configuration method of linear independent VSG control swing equation is
designed. When the damping ratio gets 0.707, the dynamic response to power oscillation in low frequency to steady state
in the parallel power system gets optimal. The simulation results show that the proposed gradient coefficient and damping
configuration are effective.
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Fig. 1 Diagram of a distributed generator connecting

to grid using VSG

K1 a2 KR VSG #1H]. VSG #ifd 3=
B WAIE S [R5 R HAL(SG) I E 2% TAF IR BE,
RAL A DI R M ARG 2 )T el i
W shae X ()R,
W:%ﬁﬁ (1)
A JRHBRIEYER 5 on MERUAIER, Xl
(DRHTR KT, RIS -7k, mX(Q2)
iR

PP =Jo 3%

in out m

itq:‘: Pin\ Poutﬁj\%uj‘j VSG iﬁﬁj\iﬁﬁﬂjlﬁﬁ, D j"jlzﬂ
Je K1, F LIS SG 8 1-#Br ILJE5e 4, DAw.,

DAw,, 2

WU BB VEHT, BEAL, Awm M REFUA SR o,
T BUE FOIR @0, 2 2 (0p-on)s o 1L HIHA
B PR(PLL) A HL A 5 TR R EL . &k, 3(2)
ATEMER VSG iR a2 fE. & 2 0 VSG il
gikylel o N TIKBhE S PWM ], A3
AR A T BRI . VSG #HIIAT % P
LI Q Feik M
ViV, cos6 - ng

. A
P+jO=VI = % sind + j

€)

A 1RO RUE LR o A g4
His VORI BV, Z TR AR 22 o Jl i 42 i3t
A Vicoso>V,, WIW LASEILIC D) Ty A 1)
frtho AR, Vicoso<Vy, MIIIARSRISTICIITIZ
FILAE Y, JE I P s 5 oDkt HUE Oou
AR RS O

DRI it %} W@
S 13t Xe

iV e v C l grid
t

J Vg [g
PWM

P

&1

[ 2 VSG = HIHEE
Fig. 2 Model of VSG controller

2 ZIMHLEEGRE

2.1 2R
HHHL ) RGErHrnl 4, it BT oy L
A DI P, SR R IRAE Ve nT CATE T
Tehsh W, F & B LIE W8 4TI S — A T
30°, PR DM sin =6, cos =1, WIS TN
2P 5 R P O AT SEER Rt K

3 AT R R
Ql\

|4

5 P

LR B o
(0,V2/X1)
r=VyViXe

B 3 DhRETHILIRE

Fig. 3 Coordinate frame of power circle




FLENMT, 25

BB Z IR 1~ it v R 0L ) 20 % r A LRELJe 1) Bl 7 ik - 105 -

B OB 30° BURGTH HL I (1126 B FHLTAL
K, W 3 FSCRATREA . B R FLX 435 42k
E R EHAT YT, S(3) AT LS @) F(5)-

44 RV}
P=——tFt sin(5+tan’1£)— —— ¥
R+ X2 X R +X
4% R xv?
O=———£_—cos(S+tan' —)-——=—  (5)

JR? + X? X R +X

HI AR P S IELR AL, IR E T 2
AR . [N, AR R IR S A
Mo DIHRFIEZIUATRARWIE 4 Pios. 6 M V5
PANQ, UL BOCRE 2%, AL

Q A
p=0+tan”'(R/X)
R KRV, 0, d1)

P

{ NI ooy,

r=VV /NR +X*

(~RVI(R*+X?), XVII(R*+XP))
4 THER[EFEH] 4R E

Fig. 4 Coordinate frame of power circle

2.2 BMEALIER
(LSRR TR O X R AR R LA
AT TS, TR 2 o B IR 7,
THAH R . B TN P RIEIIIE O
R oA v, RSB W TA I PRI
TINTHER O WY ek
dP=PRds +B,dV, (6)
d0 =0,d5 +0,d, ©)
Reft, B F1Q, BN PRI O (i
WA TER . Bt Py Qo S BTN P AIFD)
D Q (I, WP I Q I KAt i

P:E)+AP:E)+£At:R)+Rs£At+PV dV‘At (8)
dr dr Cde
dQ do dv,
=0,tA0=0, +—=At=0,+ 0, —At+0, —- At
0=0,*A0=0, oy O +9s ” o, 4

©)
X, AP R AQ 235 P A1 O A k. #438(8)
FRANI(Q2)s HEBR Powr HHEHINIIE P 65 N P,
UEZE Y S B S|
dw

=(P~ R~ &)~ B dV, + D@, - w,) (10)

Jo

m

X, —B, AV RIS E R 4H, - WA
BRIZIT, RESE 7 FE A e A 52 FU s AR 2 o
e, BINTEIHI m(Q Qo) Herh m MBI T
K0TS A
do, B o B
Jo, P =(P-F, Rid§)+m(Q 0, Q§A5) (1)
(B, 4V, +mQ, AV)) + D(w, - @,,)

FRREER - m=—B, 10, » (11T LAGREAL T .

I3
B,dV, +mQ, AV, = B, AV, —Q—V‘QV‘AK =0

0, 4% = (PmQ) - (B + Q) - (12
(P;dd + mQ;A0) + D(w, — @,))

RA2)EH, WERSE PrmQ TR on
JTMES, RNZsEEETHREREY,, MH4%T
VSG &I PrmQ A% AR T4, 1 5T
i 6 HK. SEILT VSG BRI ibiztl. VSG
A RAAR R D) A PoyctmQou 55 T RV D) %
PytmQ’, PIFEiHI 30T LASZEURH TC D) Qo Jo1RZE
HEREFTEAE O Bk, HIThER P ML O
AT DARS G Hh ERERAH Y. (12 2% 48 2
2.3 BERF m f&it

FEEERF m 7R 4 AT PoAS 5 0500 IR
o Y RIREFIAL A ASAGRT, T A Y)Y P I
TR Q BAE—AF L, BT SR 7 1 )
FFIEAS. A, BAEED T m RIEXA

RAS B AV :Qz_i:m (13)
O;A6 Q. AV, Oy O,

ML 6 AN AR (AG=0) N, AP=PB,AV, ,
AQ =0, AV, Hitt, W THH-AQ/AP W LERAT m
. MIEE AVE0 N AV=0)I, AP=P;AS,
AQ=0;AS, Ft, WILTHE AP/AQ T LIRS m (8.

VSG il i 2 A2y —=N(13) T AT D D%
i 5 R T LS B R R 354 VSG #asHil
T AFAEANRIRL I R GE, A 2 0 KRG, Lk
PHPT AR, WITFEATE 5. R F1 X S5

m AHAG VIR DT .

R 1 BT m WG, P EAEE R — R
fEHN 0.1;

IR 2. IHEEHRZSEIN M dP/de. dO/de.
do/de R dv, 1V, ;

IR 3 WHHUMER Z BT IS %A, 4 do/de

J




-106 - ® LRGP B R

Mav, /v, 2 A BRA—A4k, WHATEER 4,
RZ, PATHER 6;

IR 4. 7 dP/d=0 5% dQ/dt =0, W) m {HAT]
fliih, $UTHE 6, k2, PATHE S;

WBR 5. TR m fH, A, W m=—(dP/dt)/
(dQ/dr), #AAZ, W m=(dQ/de)/(dP/dt), i m ZEH
IEAE, A5 1IETR, $ATHIR 6;

R 6: TN m A, RAMKIE IR AT
e, RIEIRIFPER 2.

FEOGEARH, m AR A3 AT F3obm
B m] A (6) F 2 (7) I B BR AR BT E 545 o 4
do/de=0 i m fE X (14)3%44, 24 dVy/de=0 i, m {H

20153k
P _
:_i:_£: dP/dt (14)
0, AQ dQ/dr
0, _A0_do/d: s

P, AP dP/dt

3 MHEEE

H T SN P % Py 2 N
RUESCR, AN TS # AT
BT 5

P=A4sin(6+a)-B

(16)
O=Acos(0+a)—-C
A= Vthrid _ R Vgiid
-— JRZ+x? R +X°
A . .
=— gfldz,a:tan—l_
R +X X
DA h Dy 435 PmQ I [R5 R LLAI G &
2 2 2
P +Q5 A A (17

P> Acos(6+a) - cos(d +ax)
6 Ao YIZ )T nnts, I PrmQ #

e RE IR P#h L, [P RE Py RIEA N
% =mcos(5+a)=A (18)
AT LVE R, P IAHAL RS RN PrmQ IR W%

B AR A DI P ol Rk
P, =R +FAS (19)

[ B, 7ERIUIRE cos(0+a)=l, P, =PB, + PAS
T, RADEE FIFERE T LIS,
Ja)m d(?;m = P7 R)ut +D(a)g - a)m) (20)

MAGRSIBITN, Jo, WHE, HINE o,
BN, K (20) T LB 1 —Br e thi Jr fe

4%5=j.(a)g - o, )dt fl o =2nf A1), LA
IR1F Pow — B A I i o3 380K

dpP,
— = (o, - o,
de (@, = @)

(21)
d ? 1)0ut — d a)m
ds? dr

K EAXAAA20), HE o, EFARS FA]
DUAHE Y Pow AT P Z TR IE K

P o(5)=P AlJ,

(22)

o PIERT LR A P

[4)
5 VSG i NH DR 2 M SR . N TAE VSG

o [s>+(D/J,)s+ A4/, ]s
2 Ll ol B 48 B I i R W Y A 3% pR L
Gs)=— s
(" +20w,s + ®))s
P Al LA B R R, A
GiIMIBLJE R 1 D ZHN ok

D=2¢r, (23)
zvhrww$EM¥@,r;ﬁ§%F45ﬁmﬂ

oo MBI —Fr RGHIE, ML R G sl A0 Y
Pefesr, BHJEE ¢ 0.707.

4 IIESR

H TR T VSG A R, AR B E
T T X ERIEAT . SEAREE S B R 700
V, WARESEIUE U T OCHIER RN E 2 530 A
800 V. 10 kH A1 1 kVA, PWM k15 = ik Lt
Jy 1, LC yEM S L 24 0.0235 H, HHE C N
0.000 542 F, HLMHLJE 400 V. VSG RN H S
RN FR. LGB e ¥ i iR LT b )
SR T VI A R R .

R1VSGIHESH

Table 1 Parameters of the VSG simulation

ZH B! ZH Bl

HE I PIMW 1.5 FHJEAF D 0.05

BiEHIE VkV 10 I T XQ 0.12

B R J(kgm?) 62.4 H M R Q 0.04
AL Hs 4.5 P13 ky/ki 0.06/0.001

4.1 FZPEBIEH

f48 VSG 58I LB IR, A S iE T TR e
D, FERE H g R ok B R R i R 00
TEA N 1MW, TCHTRSEHE 1s B0
BAEN-0.5 Mvar, B1T45RWE 5 iR, 5K
oA RO D) D



FLENMT, 25

BB Z IR 1~ it v R 0L ) 20 % r A LRELJe 1) Bl 7 ik

- 107 -

IS—T—T——T— T T T

g

2

=

< z el H % x

= o5k IAANAABAANNAANNANNA NN

S VVUVVUUVVUVVUVVV VT UTUN

T FE P PETPE PEVSTS PPUPt SUPIS SRPRS SR
01 2 3 4 5 6 7 8 910

t/s

5 ZMEEEFT VSG i=Hli#K 2
Fig. 5 Waveforms of VSG control without damping coefficient

MBI DL B, 4TI G E QRS
B, REHMIEIY, REANFLHTEAR
Refg i e HRER S %484, T T IR Do
(IR 3 o
4.2 FEEEH

FEFRAEE D AR VSG BB R 7 L &5
Rl 6 Fion. MEHRTLUE . A IhshFAR N
dP/dt SRTCTH I HAALZ dQ/de F7EEIAF] 4 s I RY:
51 m AHEHT, RGHRG R 2dIH . m
WILAMH H-0.24 75 4 s WEEBHTLARE] 0.78, m ARkl
FETE,  DRIGBE JE S0 i e MR AL N Tl R AR 4 AT
AN T DRI o

1.5 L S T S B B
mFANWmNma+a~#@~
l{i i i : H i i i H i
YU 3 S S S S WS DS
N Q'I
= /(: :
& -0.5¢ ...VV/\ N
o 1 2 3 4 5 6 7 8 9 10

[E 6 VSG BE ez HIne AT ih £k
Fig. 6 Curves of VSG control using damping method

N T IAEANF L L & X ZR Gedie i (1) 5% W0 3
R, AJE &% D=0.05, ¢4 5IHL 0.707 F1 1.5 HE4T
ELAL . dP/de A1 do/de 535312 0.02 p.u./s AT 0.02 rad/s,
FTh O 3 0 Mvar, HIIIZFRSGAE PN 1 MW 1
InE) 1.5 MW Dy 3 thge il 7 s 1AW
A DT Zmd N R R BLEARAS, (<1 W N AT Dy Dh# 1
HRHJERES

PIMW, O/Mvar

tls
(@) D2 BN 1) Dy e iy N2 3% T

2.0 T T T T T T

P/MW, O/Mvar
=
h

(b) ¢=0.707 1 [ Ly i . % T

2.0 T T T T
E |5 ; :
z 1_0—*(;-/& .
(w] : g ]
RO L B !
L :
3 4 5 6 7 8 9 10
tls
B 04 el “""“'—»....__._|_|_“_. 07 a
“0.6F o 06
08k i s
o 1 2 3 4 5 6 7 8 9 10
t/s

(c) C=1.5F ¥ Dy 2R g [ % T

7 ¢ LR BT ER N LK

Fig. 7 Power response when { varies

MBI AR CUEA RN R Sedik 2
JEART . HEHJER T D 1HE R, RSk BHnE T
A LB T D BiGNALI, DAkl LT
AFLE. AR, 2 (=0.707 I, ZRGe0 A IHE,



- 108 -

® LRGP B R

IR GAFFEIE RS 2 =1.5 W, BEAREAH AR
%, HRERGWNIEEANE. Kk 0.707, W ¢
Ab TR BHJERAS T A R T 2 G e th P &2 30~
FORAS . b, MW 7(ay—K 7(c) T LLREL, FH
JeERE RS m (B LAHERAAL TF, X & T dP/de
A do/dt AL FRAF SR, (HE BT D K
INF m B TR 2 AR &, X5 2 JT AT
sERA A .

5 it

N T R A SR F R A e B e 1
), HESH T VSG FEHN d AN D e D
A, GIABEER TSI T A A D T AR AR A%
il gyt TSI R e E T %, s
TR B A A BEJE LEAE 0.707 I FHJEdR
AR PiEas KRN TIEEME. EFLERK
BHJE =FRAS N D4R IR AR, RKEHJEIR
SEAFT ARG R KE B RUR A .
Sk
[1] LIU J, MIURA Y, ISE T. Dynamic characteristics and

stability comparisons between virtual synchronous

generator and droop control in inverter-based distributed
generators[J]. IEEE Transactions on Power Electronics,

2014, 31(5): 1536-1543.

[2] HIRASE Y, ABE K, NORO O, et al. Stabilization effect
of virtual synchronous generators in microgrids with

/| 1EEE,
Workshop on Control and Modeling for Power Electronics,
June 27-30, 2016, Trondheim, Norway: 1-8.

(3] HAEME, 7%, BRE, &5 REALELD AN IAE
TR DR R Y D). R E L C AR, 2014, 34(16):
2591-2603.

LU Zhipeng, SHENG Wanxing, ZHONG Qingchang, et al.

highly penetrated renewable energies[C]

Virtual synchronous generator and its applications in
micro-grid[J]. Proceedings of the CSEE, 2014, 34(16):
2591-2603.

[4] SHINTAI T, MIURAY, ISE T. Oscillation damping of a
distributed generator using a virtual synchronous
generator[J]. IEEE Transactions on Power Delivery, 2014,
29(2): 668-676.

(6] BUrH, B, PMVEE. R AT A Ak B BT 1k
W 395 g R CAE PERIE ST (D). 0 R GRS FE
2017, 45(6): 94-100.

ZHAO lJigian, ZHAO Jinbin, SUN Feng. Research on

(6]

[7]

(8]

(9]

[10]

[11]

microgrid inverters parallel characteristic based

controllable equivalent output impedance[J]. Power
System Protection and Control, 2017, 45(6): 94-100.
WOE, fRfE, far, AF REMEAD R AL K it e
FOCILRCED]. B RGEA BN, 2015, 39(13): 22-31.
ZNEG Zheng, SHAO Weihua, RAN Li, et al. Mathematical
model and strategic energy storage selection of virtual
synchronous generators[J]. Automation of Electric Power
Systems, 2015, 39(13): 22-31.

FEob, MK, WOE, S5, REAUIRD A AL 5 B
N AL B RS A Bk, 2015, 39(19):
82-89.

CHENG Chong, YANG Huan, ZENG Zheng, et al. rotor
inertia adaptive control method of VSG[J]. Automation
of Electric Power Systems, 2015, 39(19): 82-89.

MRoRZE, FAF, BRI, 5. B T-S40 8 & R 1
PRI 2D e BN LR A o A A F R []. ob B LR 2
K, 2016, 36(21): 5724-5731.

CHEN Laijun, WANG Ren, ZHENG Tianwen, et al.
Optimal control of transient response of virtual synchronous
generator based on adaptive parameter adjustment[J].
Proceedings of the CSEE, 2016, 36(21): 5724-5731.
AR, K%, RIS, 45 FETRUIFED R HNLNZ
RELLAMICZ AU M s AT 2 ISR [T]. WL R 48 A B,
2016, 40(18): 32-40.

SHI Rongliang, ZHANG Xing, XU Haizhen, et al.
Operation control strategy for multi-energy complementary
isolated microgrid based on virtual synchronous generator{J].
Automation of Electric Power Systems, 2016, 40(18):
32-40.

FEMRIE, 235, FRE. 2T 8 R 30lH 5T A% 5
R TR SR [J]. B RGO S I, 2015,
43(21): 1-6.

YAN Junli, PENG Chunhua, CHEN Chen. Droop control
strategy based on dynamic virtual impedance in
low-voltage microgrid[J]. Power System Protection and
Control, 2015, 43(21): 1-6.

BARR, RN, X5, ST REARH B A I i A
VSG #EHI RIS IEIT[I]. WK, 2016, 50(9):
75-78.

MAO Fubin, ZHANG Xing, LIU Fang, et al. Research
on improved VSG control strategy based on virtual
damping compression[J]. Power Electronics, 2016, 50(9):
75-78.



FLONL, 25 B A vk LR R B LRH e A BC BT 7 - 109 -

[12]

[13]

[14]

[15]

XRB, e, ARG ERM]. b Bl
AL, 2011.

BLAABJERG F, TEODORESCU R, LISERRE M, et al.
Overview of control and grid synchronization for distributed
power generation systems[J]. IEEE Transactions on
Industrial Electronics, 2006, 53(5): 1398-1409.

ZHAO Y, CHAI J, WANG S, et al. Instantaneous power
calculation based on intrinsic frequency of single-phase
virtual synchronous generator[J]. Journal of Modern
Power Systems & Clean Energy, 2017, 5(6): 1-9.

EOCHE, AL, ER, S5 EIKK BRI LZ R UL
BN RGN THRRE ERE W T[], B RGER
PP, 2015, 43(11): 33-40.

JIANG Wentao, FU Lijun, WANG Gang, et al. Impact of

direct-drive permanent magnet wind turbines virtual

inertia control on power system small signal stability
analysis[J]. Power System Protection and Control, 2015,
43(11): 33-40.

Yris HER: 2017-04-10; {&E HH: 2017-07-08
1EE &N

el (1963—), F, @fsted, Md, HALANMF,
TEMAMBA>A XL BB f i, E-mail
yangchaoneu@sina.com

£5A(1968—), F, MEHRLAL, HAILELF, &
FRRARIR A B P43 & 5@ E R,

X (1972—), F, A, HAIRNT, LRATAR
WA G ZRIREAN, W) RAREBTEEE,

(CE )



	DOI: 10.7667/PSPC170510 
	梯度因子估计虚拟同步发电机阻尼的配置方法 
	Damping configuration of the virtual synchronous generator using gradient factor estimation 



