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Abstract—A droop control-based approach of effective power same ratings. This is important because unequal load gharin
sharing among four parallel inverter-interfaced generatas in  may result in unwanted temperature increase in one DG unit

an islanded microgrid has been proposed in this paper. Droop [17] As a consequence, the efficiency of that DG unit may
control strategy is applied during load change in islanded decrease ,

microgrid system in a way that power sharing among all the - . .
generators is also equal. This paper describes the smallgsial This paper presents an approach; in which equal power
stability analysis method to select the control gains needeto sharing is highlighted among various DG units. This is done
stabilize the considered microgrid system with desired poer py selecting proper droop gains, along with using same type
sharing among different generators connected in various bses. of transmission lines in all the buses, i.e, line impedarares

The real powers of distributed-generation (DG) units are slred . . .
based on the frequency, whereas a linear model is used toequal' In this paper, real power is shared according to tfee ra

tune controller for reactive power sharing in this paper. The Of-change of inverter voltage angle (frequency). This pape
proposed power sharing scheme is verified with the help of also describes a linear model based reactive power sharing

MATLAB simulation. as it can not be shared in microgrids based on the terminal
voltage.

The remainder of the paper is structured as follows: in
section I, islanded microgrid system is modeled. Sectibn |
provides system stability analysis with droop control suhe
Effective real-reactive power sharing approaches are radde

Presently microgrids are getting popularity througho@ thin Section IV and Section V respectively. Section VI deals
world as they are small-scale, self-contained, medium/lowith the simulation results and conclusions are outlined in
voltage electric power system (EPS) [1]. They can be terméte final section.
as an interconnection between DG units and loads [2], which
ensures higher utilization of renewable energy, reductibn
transmission losses, low capital investments and refiglof
electricity supply [3], [4]. Frequent load change is notibke ) . ]
in microgrids [5] and they do not have the rotating inertia fo !Slanded microgrids can be represented by inverter-
power balance [6]. Co-existence of multiple DG units maé/nterfaced DG units and loads. Voltage sources, Wlth magni-
affect their sound operation [7]. Therefore, it is neceggar Ude and phase, can be used to represent DG units connected
implement control schemes in microgrids. to the syst(_am via inverters. In Fig. 1, buses 1-4 are DG buses

Both centralized and decentralized control methods are ffd bus-5 is a load bus.
ported in [8]-[10] in order to maintain proper balance betwe | 2
demand and power generation, along with suitable system | o - |
voltage and frequency regulation. Decentralized cordrsl|
are preferred owing to the fact that they can operate without
communication. They are practical and reliable [11]. Droop
control is one of the most common approaches which emulates = v, ‘[;491
the droop characteristic of synchronous machines [12]]; [13 :
in which frequency plays a vital role in real power sharing. = =
On the other hand, reactive power depends on voltage [14]-
[16]. In existing literature there is no sufficient inforrat
regarding equal load sharing among DG units if they are ©f- 1: Single-line Diagram of a Simple Islanded Microgrid

Index Terms—DG units, voltage-source converters (VSC), mi-
crogrid, droop control, power sharing.

|I. INTRODUCTION

I[I. MODELING OF MICROGRID SYSTEM
IN ISLANDED MODE
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[1l. SYSTEM STABILITY ANALYSIS WITH Let defineAP,,, = P, — P? and AQ,,, = Qm, — QY.
DROOPCONTROL SCHEME The system described by (1) and (3) can now be linearly

_ ) ~ represented as € 1,2, 3,4):
Decentralized droop control algorithms for DG units to

share load in microgrids are studied in [18]-[22]. Accomito Ad; = —kp, APy, (8)
these algorithms, the rate-of-change of phase angle degéa Apmi = —wi(AP,,, — AP) (9)
the measured active power is greater than the reference,valu s
whereas when the measured reactive power becomes larger, Alm, = —wi(AQm, — AQi) (10)
voltage is reduced. The droop equations can be written &here,
(i=1.2.34) AP, = AP A 0
i = 36, 805 + APZ’Vj AV; (11)
Ab; = ~kp, (P, — F) (1) AQi = AQy A% + AQy, AV (12)

AV; - _qu, (Q'mi - on) (2) Where,i7j = 1’ 273’4'

h bscri ds § 4 val The constantsAPj; , APS., AQp; and ARy, can be
where, su, scriptn stands for measured values. obtained from (6) and (7). They represent the linearizatibn
The gains of the proposed droop controller are chosen gz system dynamics, which can be modeled with the above

bitrarily according to the eigenvalue analysis of the lm&2d jittarential equations. For the system that is linearizéd a
closed-loop system. In this papéf,, = 6, ky, =6, ky, =6, the equilibrium point after the load is changed to j pu, the
kp, = 6, kg, = 0.06, kg, = 0.06, kgy = 0.06 and kg, = 0.06.  gjgenvalues are : -12, -12, -12, -12, -6+j24.2392, -6-j282
Let the real and reactive power measurement sensof§ 952 -1.048, 0, 0, -12, -12. It has been found from Figs.
have a first-order dynamics and their transfer functiong [19.g that the eigenvalue analysis captures the system kehavi

(1=1,2,3,4):
P, (s) w Qum, (5) w IV. EFFECTIVE REAL POWER SHARING

Pi(s)  s+ws’ Qi(s) T st wy ) The system falls into steady-state if the changing rates of
0; are the same, i.e.,

where,ws = 12 rads™! . . : .
Islanded microgrid model is linearized in this paper to Ady = Ady = Adz = Ady (13)

understand the dynamics of the microgrids. The admittancey, thjs section, the equal power sharing characteristiqief t
matrix of 5-bus microgrid can be expressed as: controller is verified. In steady-staté,,,=P;. From (8) and

S 1M (13), it can be written,
e O O E k k k
0z 0 0 Zar AP = AP, = AP = AP, (14)
Yom | 0 o FE o T @ 4 " "
0 0 05~ 0 7o Since k,, = kp, = kp, = kp, = 6, the load should be
N — shared equally, i.e AP, = AP, = AP; = AP,
7Zf1r Zly 72; 7Z14r Zs The initial set values of real power at different buses
- 0 0 ) B are: P = 0.5 pu, PY = 0.5 pu, PY = -0.0014 pu andP)
where,Z; = % + % + % + % + %7 = -0.0014 pu. All these are found by load-flow analysis.
s = Zos = Zs5 = Zas = j0.15 pu, Z;, = 1 pu Moreover, the steady-state values of real power after

For simplicity of linear analysisYp,, matrix is reduced droop control implementation are as follows?=1.3734
by combining voltage-source buses in group ‘1-3' and lodH P2=1-30734 pu, P3=0.872 pu %”dp4=0-872 pu. Now,
bus in group ‘4’ and the microgrid becomes a 4-bus systed1=F1-P1'=0.8734 pu,AP,=P,-Py=0.8734 pu,AP3=PFs-

(i,j =1,2,3,4; j #1) PY=0.8734 pu and AP,=P,-P{=0.8734 pu. Therefore,
AP, = AP, = AP; = AP, and the proposed control
Yieduceds; = Yij — Yia Yy Yaj = Gyj + jByj (5) scheme is robust enough to share the load equally.

as‘l'[gg]Power flow of 4-bus microgrid system can be written V. EFFECTIVE REACTIVE POWER SHARING
' In this section, linear model of the system is further ana-

3 lyzed with a view to sharing reactive power. In this cagg,

Py = ViVj(Gij coséi; + By; sindy;) (6) matrix is not reduced andi; = Gi; + jBi;. The reactive
J=1 power flow of 5-bus system becomes= 1,2, 3,4,5):
3
Qi = Z V;V}(G” sin 5@' - Bij COS 5”> (7)

5
= Q1 = Z ‘/ZV}(G” sin 5@' - Bij COSs 52]) (15)
j=1



For negligibleG,;, it can be written {= 1,2, 3, 4), 4 Real and Reactive Power Outputs of DG-2

Qi = —ViVsBis cos di5 — V Bss (16) =
£ 0k
Let there be a change in the reactive power at node-5 due a
load change and using (2) it can be written as-(1, 2, 3, 4):
AQ; = kg, AQVOBi5 cos 8% — VO AVs|Bis cosd 0 . 2 3 4
+ VOVOBys sind + 2kq, AQ; VL By; (17) 8 ' ' '
The simplified form of (17) isi= 1,2, 3, 4): 5& 4t
(0
AQ; = —VO|AVs|Bis cos 6% + VOVIBs sin 6% (18)
" 1= kg, VOBys cosd% — 2kg, VO By 0 - - -
0 1 2 3 4

_ Time (s)
where,|AV5| = V50\/(COS 55)2 + (* S111 55)2 = V50 Fig. 3: Output Powers of DG unit-2

Reactive power of nodes 1-4, after load change, can be
found by solving (18).
Real and Reactive Power Outputs of DG-3

P,(pu)

LAB simulation in this section. The microgrid test system )

VI. SIMULATION RESULTS 0
The power sharing performance of the proposed contrc
strategy during load change is evaluated by means of MAT 2 , , ,
0 1 2

3 4
considered in this case consists of four DG units and on 0.8
static load. Load impedance is varied from 1 pujtpu at O :
second in order to show the effectiveness of the controller in5
providing steady-state power responses. 97-0 0.4
o
Real and Reactive Power Outputs of DG-1 0 .
' ' ' 0 2 3 4
— Time (S)
8_ ok ] Fig. 4: Output Powers of DG unit-3
o
2 ) ) ) ) Real and Reactive Power Outputs of DG-4
0 1 2 3 4 ' ' '
8 =)
S _
= o
o
= 4r
o 2 . L .
0 1 2 3 4
O 1 1 f
0 1 2 3 4 08
Time (s) .
Fig. 2: Output P f DG unit-1 3
19 utput Powers o uni % 5 /\
(o4
The automatic load sharing of the described scenario i
demonstrated from Fig. 2 to Fig. 5. Since the controller act: 00 ' 2 ' 4
in a way that DG unit-1 and DG unit-2 supply the same Time (s)

amount of power, the power responses of them are alike r&ss: output Powers of DG unit-4
shown in Figs. 2-3. Similar situation is also evident frorhest

two figures (Figs. 4-5); where equal amount of power hasFig. 6 indicates that load powers are also stable. This is
been supplied by DG unit-3 and DG unit-4. The steady-stabecause of the fact that load has been shared accurately. The
responses are found within 1sbconds in all the cases. feasibility of the proposed controller in sharing load hagty



justified by these figures.
5 Load Real and Reactive Powers
=)
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o
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Fig. 6: Load Powers
VII. CONCLUSION
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This paper addresses an automatic droop control methodg
ensure stability in microgrid system, operating in an idkzch
mode, during load variation. The linear modal anaIysEl
and simulated results justify the viability of the proposed

controller. Effective power sharing, both real and reagtiv
among various inverter-connected distributed generai:ors[

also outlined in this paper. The future challenge is theistal
and practical implementation of the proposed strategy in
islanded microgrids.
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