Parallel Operation of Virtual Synchronous Generators in a Microgrid
Jia Liu, Yushi Miura, and Toshifumi Ise (Osaka University, JAPAN)

1. Introduction [EEreT N —"— LS 'Swing Equation :> 'Virtual Synchronous Generator /Issues o Solve\
- -, | Droop Control | _ Imitation . (VSG) Control L )
| - \ N . e N
AI\NeV\{[Co(r;ceptt O:: : SmLoOoiﬂ ??:;'S?gon S %m =T, dwm - D(wp, — wg) 1. Active power oscillation during a disturbance
_n\:é T\;I' . r_od petween Islanding at ’ | 2. Inappropriate transient load active power sharing
in icrogri [ - : : :
L ") | and Grid-connection Inertia Support / \3 Sharing errors In reactive power y

2. Basic VSG Control 4. Proposed VSG Control
E:% Qo dw., Zii
- Distributed| | Energy ey line
QA + P. P - a) D (,() - (U ' A '\ -
Vou + > _kq + f > Qrer |[_ " out = J@m dt ( m J ) Generator | | Storage TC v
. . f
V0D Swing Equation v 0. Vout(abe) loutangy BUS
- 00 . bus ref 4
Q P — J:Moment of Inertia X X
k,:V-Q Droop Coefficient _ :
QOI Set Value of Reactive BoOwer D : Damping Factor Virtual
: o
= v Impedance - PWM
P line Governor
Distributed —
Generator ‘
BUS
Governor
5 ml(Lvl+Lfl+Lllnel)_O7pu
Wo | 0 w-P Droo
o - ” P,t o P — _ _ Using virtual impedance control to increase
m=— D 7 > in k,: w-P Droop Coel_‘flment Using local voltage and current to estimate bus output reactance of each DG
P,:Set Value of Active Power voltage for proper reactive power sharing to a same large per unit value
3. Problem Analysis 5. Experimental Results
100m 22mm?
X1=Xs1+ Xjine1 1mH (0.14+j0.015)Q BK1
s A N etV Y e Y Y Y ® 1 ® o~
DG1 YN Load m N ZEJL A AAAA S — r——] Loadl
T i T Zline1 T Power Lx  0.0942pu ==--.—L Riine1:0.035pu
E1 261 Vour £0'1| (RiinertiXiiner) | [Vous£0 supply DGl  Si.e;=10KVA 1_OTJ: Liine1:0.00375pu 3.66kW+1.07kvar
Pert] Poutt+jQou - - PRI 66.31pu 100m 22mm?
1] Qe - +;t.1 1Qoun Studied Microgrid in e it yar ol Il I
XXX islanded mode {O0H =& zFHL AR A A =1 Lo
DG2 / 'X'fz' \ L, 0.0471pu 11 _L Riine2:0.0175pu
TE S o/ 5.T (R, Z'jr“jgz(l ) DG2  Spasea=5kVA 10“F Liine2:0.00188pu 2.80kW+2.50kvar
2 2 out2 2 ine2 ine2
. —> 33.16pu
Peat] Qe Poutz*]Qoutz Experiment Sequence Common Parameters
: . : : : Time P; P; |_oad Parameter Value Parameter Value
[Actlve Power Osmllatlon} [ Transient Load Sharing } <055  1pu  1pu  Loadl 5, 10 KVA M 3 s
. _ APyyut1 0.5s<t<3s - - Load1+2 Sphase? 5 kVA D/ 17 pu
Eigenvalues of State Matrix Poles and Zeroes of — 3Js<t<6s -  0.6pu : Eo 200 V ks 20 pu
. ! . . ! . . : - - - - k* .
ol 04 028 02 104 4l 02 Oscillation being damped owing @o 376.99 rad/s q.i 10pu
(056 A é/ 0| Po ¢ 1 pu Qo ; 0 pu
08 O L 08 T g:a 0 increased output reactance
5 X1 litereasesiy - 5. 5| e x T ~ , , , , !
B - | Poles cancelled YR 2 i
e S G ol 8 O e © o < Z
A S by Zeroes A E \
T, 4K T R G < |
. X1 mcreasesx TS r h increases (1) X 5 a i
0.8 " AR 0.8 e é 3 5 g
0.56 Tl A% 0.56 0¥ X1F=X0* < .
10} . . 04 028 05 g 1) | | e A () . -
-10 -8 -6 -4 \2 0 -10 -8 -6 -4 \2 0 3
G G - |
Damping ratio (indicated by the radial Transient load can be properly shared ~ Lime
i i i ! i i = R ] I Qﬂ;gt_l_:?rfl__l;’?_li}_ﬂr_ ________ Qaurt __Q @_H_tl_::tt_Z__Z_Z_li}_ﬂr ___________
dash lines) can be increased by without oscillation If output reactance of < 2 |
. . . . g RRrN | R L, et T it Lo -
Increasing output reactance each DG iIs of the same per unit value 5 N R R S _
] ) E E Qﬂnr’?ml 07];1 ar Qaiur’? Qﬂnr’?"ul 15h\ ar
[Reactlve Power Sharing Errors} - ;
A E
3 Pini=2Pj, VSG1 VSG2 3 renn#2Qre : B
3 [ Pri=2Pue_| > Qi 2t For proper reactive
= Vourz Q'rer1=2Q e . =3
@o=====* ro- o , power sharing, 2
Om=Omp|======" e S . - : :
Ll lvsc2 ! veel Noug-=+=4----= : voltage used for V-Q
oL 5 5 P ; Droop of each DG _ _ | _ |
P 5 : P : should be equivalent Transient load being properly shared Proper reactive power sharing achieved
> . I ]
Po2Pin2 Pox Pia P Qn QoQe2Qrer QuenQot owing to matched output reactance owing to equal V-Q droop reference

6. Conclusion NI Impedance control was proposed to increase output reactance and to adjust output reactance mismatch, in order to increase
system damping and to properly share transient load

Bus voltage estimator was proposed to provide a common reference for the V-Q droop, in order to properly share reactive power
3. The effects of both virtual Iimpedance control and bus voltage estimator were proved by experimental results
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