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Active-Reactive Power Stability Analysis a Micro Grid
in Grid to Connected Mode Based on Particle Swarm
Optimization (PSO) Including Model Information

ABSTRACT

Aims: The aim of this paper is optimal active-reactive power flow between main grid and micro-grid
consists of two parallel DG units.

Study design: Design of the study is applied with optimization algorithm for proposed controller power
control policy. Power controller is designed to active-reactive power (P-Q) control policy.

Place and Duration of Study: IAU, Iran, February 2015-January 2016.

Methodology: This paper, with using of particle swarm optimization (PSO) and model information
analysis and control active and reactive power stability of a micro-grid includes two parallel DG units.
Particle swarm optimization (PSO) model of proposed controller includes an inner current control loop
and an outer power control loop based on synchronous reference frame and conventional Pl regulators.
PSO algorithm is used for real-time self-tuning power control parameters. Paper’s simulation is modeled
in MATLAB/Simulink environment. As well as, PSO algorithm is programmed in M-file of MATLAB.
Results: Simulation result show satisfactory performance active and reactive power of system. As well
as, In the paper, control objectives to identify generator angle reference signal and flux, and system
dynamic performance improvement are used. As well as, this paper provided active-reactive power flow
control between main grid and micro-grid includes DG units, and controller response in situations where
load is higher or much lower than DG unit power rate. Paper’s proposed policy suggests that required
load power equally between micro-grid and main grid based on PSO algorithm and using information
model during load changing is shared, and to fast dynamic response and stable operation is reached.
Conclusion: The paper is presented a power (P-Q) control policy for micro-grid based on PSO algorithm.
This is done by proposed active and reactive power controller based on PSO algorithm for real-time self-
tuning. In the paper, active and reactive power flow adjustment when that micro-grids interconnected are
connected to the network has been proposed. Therefore, peak correction effectively reduces imported
power from electric utility to half. In conclusion, this policy could be have significant implications for micro-
grid scenario: reducing dependence on the main power system, increasing penetration in micro-source
market, reduce electricity costs, and improve sustainability.

Keywords: (Active-reactive power flow control, Connected to grid mode, Model information, PSO
algorithm, Stability analysis.)

1. INTRODUCTION

A micro-grid (MG) is a cluster of DG units that énface with an electrical distribution network wgsipower
electronic devices such as the voltage source tewegivVSl) [1]. Robust and reliable micro-grid opéoa
significantly dependent on DG units vector consdheme. Therefore, effective power control loopdorinverter-
based DG unit based on inverter can play a keyiroitability improving and power quality requirente [2]. In
other words, as shown in figure 1, while curremtoal loop is used for inverter output current diyaimproving, as
well as, an outer power control loop, can be irdgg with inner current control loop to regulatgerter output
power. In addition, current control loop will guatae qualified reference current signals for curmeantroller.
Accordingly, DG unit based on inverter can be ooligd with considering to power rules such as \g#ta
frequency, active-reactive power [3]. In this caB&; unit can act as a current source power costrolin



conclusion, and for both micro-grid operation mopewer controller can be chosen based on vitakssifecting
in power supply quality and stability improving. rrexample, power flow control in connected to gridde can be
provided control main objective. Because micro-grickrall operation is fully dictated by the majgriaf power

systems, so there are no pressure over power fijwstanent for optimal use of DG unit. In contrdshg as micro-
grid from island mode passes, operation importaoblpms are evident. In the first place, this peofd related to
voltage drop and frequency deviation related téed#nt characteristics connected DG units. Addildoad sharing
mechanism is another important issue that to oleioient operation in both micro-grid operatiorodes should
be considered [4]. Main policies of power contmi DG unit based on inverter to satisfy mentiorssiiés in below
is provided. As a result power quality and stapilit micro-grids are improved.

Control over active and reactive power flow is resegy to inverter power output adjustment. Thishoe can help
to ensure reliable operation of connected DG ueiuction injection power from grid, and suppory aontract
between micro-grid and electric utility. Thus, &etreactive power control mode can be explainecdan a
micro-grid operation
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Fig. 1. Controlled power VSl system design schematic

mode. For example, control priority, in automate@drorgrid mode maintain frequency and voltage systender

the verge of collapse threshold. So, when powew ftmntrol obtained that micro-grid frequency andtage

adjustment to be achieved, and thus system caalibéle power quality produces in this mode. Intcast, due to
many effects of huge power systems operation ith @griconnected mode, each DG unit acts as actigdeeactive

power source [5]. In this case, control over actarel reactive power flow to maximize connected D@t u
generation is very useful. In conclusion, an ecoimamoperation policy based on market policies dan

implemented to best power management between rgitdcand electric utility.

Recently, in researchers’ works, power managemeiwtden micro-grid and electric utility by many rasghers to

obtain best use from different types of DG unitaigeted. For example, combined control from acdind reactive
power in order to facilitate connection betweengkmhase hybrid micro-grid and electric power egstis



proposed. In this work, in order to compensatddad reactive power, control structure injectioeaative power to
the load, and after that redundancy stabilizatomlésigned in network. However, this controller floree-phase
system due to its complexity may not be possibhein® active filter with energy storage to reducéiage weaken
and improve supplied power to nonlinear load isppsed. This filter control with synchronous genearat
coordinated, and current filter creates a uniqegliback signal. Accordingly, voltage drop is margped, whereas
active and reactive power after lengthy transi¢ates(9 seconds) to become stable operation. Innfiiture of
genetic algorithms and power flow calculation isgenmted for position allocation and DG units’ siglated to the
electric power system. This method for DG unitstallation to obtain best economic conditions oémion is
useful. However, active and reactive power flowtoonagainst chaos in real time operation is natsidered. In
[7], power flow control for DG unit based on anémter in single-phase grid-connected operation n@geoposed.
This controller adjust active and reactive powapeetively by power angle and voltage filter cafacadjustment.
The main objective to achieve stable operation eeessidered, is low static fault, and fast dynare&ponse [8]. As
a result, any method for active-reactive power muatied adjusting is not suggested, in conclusionpdlech power
from upstream electric utility to the restrictederdave been reduced.

On the other hand, system stability under giverrapm conditions has become an important problemmficro-

grid operation. This model can be defined as aryoal approach that can check system stabilitdarnormal
operation conditions. Overall dynamic model inclaitiaear state space equations which defines thwasition of
each component of system. After this stability ¢@nanalyzed by computing eigenvalues [9]. In [Xnsient
stability were studied in power systems that thtoagpower converter with a DG unit was linked. Tdnglysis was
for a system with an infinite bus, and micro-grigdecation mode of power system grid was not consitleFor
standalone mode, [11] control approach with paratieerters connected to each other, which cantanged for
any AC system is considered.

In the paper, control objectives to identify gemeraangle reference signal and flux, and systemadyao
performance improvement are used. As well as, ghger provided active-reactive power flow contretvieen
main grid and micro-grid includes DG units, and tcoller response in situations where load is highemuch
lower than DG unit power rate. Paper’s proposedcpauggests that required load power equally bebhamicro-
grid and main grid based on PSO algorithm and usiftymation model during load changing is shaad to fast
dynamic response and stable operation is reached.

Paper has been categorized as follow; descriptiorcannected to grid three phase VSI system modelimd

relevant concepts has been done in part two. Desapplied PSO algorithm have been done in pagethr
Simulation result have been presented in part Banclusion has been presented at the end of seaneh too.

2. CONNECTED TO GRID THREE PHASE VS| SYSTEM MODELING

Conventional three-phase VSI model connected t gith an LC filter, consumption load RLC, and aohtand
power circuits of two DG unit based on VSI showriigure 2.
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Fig. 2. Conventional three-phase VSI model connected to grid with control and power cir cuits of two DG unit
based on VS

Which, R, and L are respectively node equivalent resistance amthemion transformer filter inductance if
applicable and so that network is detected by teveAs well as.C, C,,C, all are filter capacitorL is inductance
andV, voltage of network.

Reference frame equatio@)C of equivalent circuit system state space in (1sShown.

In equivalent circuit reference frame system basedtate space equations [12] has been propogbis form:
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That wis the related angular frequency. Park’s transftionecan be defined as follows:

|0 :(Tiebc) (©))
Which,
Iy I,
idqo = iq , iabc = ib (4)

i i

cosfd coso?—%ﬂ ) COfﬁ(+2—;T )

T==|-sind —sin@—z—ﬂ) - Sin6+z) )
3 3
1 1 1
2 2 2 J

6 = at + 8, Is synchronous rotation angle, aéiirepresents the initial value.

At first, must be expressed that the control systeenooking for supply a set of characteristicteimms of
measurable quantities that identifier performarfcgystem.

In conventional mode control method are causedriay and error method. Now, in the paper, by intrcidg a
system performance indicator and achieve to optisedlof system parameters through minimizing thetesy
functions can be reached to optimal and stableesystesults (according to the requirements of apjpatgp
performance indicator). According to the controjemives, mainly, minimizing error integral funatigoroblem
related with four measuring error includes: Intéddasolute Error (IAE), Integral Square Error (ISE)tegral Time

Square Error (ITSE), and Integral Time AbsolutedErfiITAE) that best results of previous studiesakted to
using (ITAE).

F= Min{ _[;St|e(t)|dt} (6)



That € is difference between actual and desired outpluesa(error function), andl, steady state period since the

change of time is (point) input value. In conclusithe controller objective function in the padermulated based

1
on the ITAE which calculated with using Simpso%srule.

2.1VSl Control Padlicy in a Grid to Connected M ode

As shown in figure 2, VSI power circuit based on D@t with a control structure is associated, tfanes DG unit
controlled operation is based on an inverter cémiade. For example, in grid to connected mode,Ud acts as a
P-Q generator and inverter must be under activetiveapower (P-Q) control mode, while voltage arefjfiency
adjusting is not necessary due to grid voltagenisstant. Grid to connected mode should be abléexibflity and
power conversion via main grid. So, power flow aggprate control policies generated from / to thigl gvill help.
Inverter control policy is responsible providing@ntrolled operation grid to connected DG unit. Mabjective this
mode is load accumulation reducing from main gfidus, assuming proper power control mode is essdefiati
ensure connected DG unit high performance. In ¥ahg, power control policy related to grid to cooted
operation mode have been proposed.

2.1.1 P-Q Control Mode

As long as voltage and frequency are in stable itiongd P-Q control mode is applicable that can beduto impress
less power entered into grid (peak correction)rid tp connected mode, or to generate stable aotiaetive power
in the standalone mode. Usually, P-Q mode for D@suthat constant power apply to them is used,hsd t
photovoltaic cell is an example of use this appigra[13]. In this case, inverter amplitude and shangle in order
to inject active-reactive power predetermined amasircontrolled, that can be defined locally or tmcro-grid
control center. Figure 3 a block diagram of sysk@ control policy is shown.

Active-reactive power measured values are expreaséallows [9]:
(3 . .
F?nv - E (V(d)inv' I (d)inv-l-v(q)inv'I (q)im/) (7)

(3 . .
an - (E (V(q)inv X (d )inv-l-V(d)inv'I (q)inv) ] (8)

2.2 Proposed Control Policy

This section provided proposed power controllergiad to connected three phase VSI system. Theaostheme
consists of three main blocks: power controllengéir current controller, and PSO algorithm for powentrol



parameters real-time self-tuning. The following teextions is described proposed power control rped@rmance
in detail.

2.2.1 Current Control Policy

Controller objective ensure from accurate trackamgl inverter output current short transition. le tontroller,

current control loop block diagram has been desigmbich is based on a synchronous reference framear

current controller based on SVPWM and kind of opeop voltage with using current internal feedbaokg.

Usually the controller used in cases where appligthge to the resistance - impedance R - L, shehimpulse
current in inductor is reached to errors minimizés necessary use PLL block to detect voltagesplengle in order
to implement a Park’s transformation in control estie. Two Pl regulators for eliminate current faaitd both
Inverter current loop and grid voltage feed forwérdp to improve steady state and dynamic perfooaamave
been used.
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Fig. 3. VSl based on P-Q controller

In conclusion, controller output signals represeafsrence voltage signals in the fradgp. These are obtained by
Park and Clarke transformation inverse, so thatresfce voltage signals generation controller in dtationary
frameq/3, to uses a combination of six-pulse for invert&gT) SVPWM. In addition, using from PWM method
ensures that controller is achieved desired outplthge vectors with less harmonic distortion.

In synchronous framelq according to (2), the reference voltage signadspaesented as follows:
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dx . - -k .
In Which, asterisk "*" indicates to reference vauand reference represe~|=rasti =g~y andd—tq el Pl P

Using with Clarke transformation, (9) can be trensfd to the stationary franag3 . As well as, inductor current by

using a low pass filter (LPF) is obtained. In theper, LPF as a first order transfer function issidered that in
form of (10) is provided:



_ 1
f= fm (10)

Which f is filter input value, f, is filtered value and[, is time constant.

2.2.2 Power Control Policy

This policy objective is power flow control betwesmcro-grid and main grid in supply controlled &etireactive
power condition to the load. Proposed power colardilock diagram is based on two Pl regulatorss Tontroller

represents outer control loop that for is emplojedenerate current reference vectigmnd Iy . In conclusion,

relatively slow change of reference current patisuees inverter output power high-quality, thatvghaontrol
objective is obtained. In this section of papehas been suggested P-Q control policy based ondkg@ithm for
DG unit based on inverter. Active-reactive powe arain objectives of controller that should once @lrtained in
DG unit grid to connected mode, and or load chasmalitions. In this mode, whereas analysis betwaaive-
reactive power by (10) and (11) is carried outener output active-reactive power controller athessed on their

reference valued , and Q,, . As well as, PSO algorithm is provided optimal ttohparameters for qualified

reference current vectors. Accordingly, in refeeframe dg and based on PI regulators, reference currenbwect
is expressed as follows:

i ={(Pa—R KL+ Ky /s (L

i ={(Que —QuK K/} (12)

3. DESCRIBE APPLIED PSO ALGORITHM

In the paper, PSO algorithm to solve optimizationbtem arising from need finding the optimal andsickd
parameters for proposed power controller implenmgenihis algorithm are planned for optimization gdesbs
processing based on the error in real-time comtiths well as, exclusively for any control objeetimplemented
separately. The algorithm performance provides rateuresults that the approach is consistent opditioin
problems in many engineering programs. In this paB&0O algorithm to improve power supply qualityddts
stability improvement for the micro-grid operatiscenario and as well as, as third block in propasedrol policy,
is used.

PSO algorithm coding in MATLAB environment (M-fild)ave been done. PSO algorithm parameters (maximum
iterations to achieve the optimal solution: 500at®ns, number of sampling: 200 particles) hasmbdefined. As



well as, this program is coded by three loop ished to the final solutiond, ). In the simulation expression,

simulation problem is related to system under stadigure 2. The system consists of two DG unédttim form two
batteries in parallel modeled (DG1=700 volts, DG2&%olts) and by the switching method is connedtethe
grid. In figure 2 from consumption load is usedyid structure. As well as, a power key to conraaat disconnect
is used in infinite bus.

4. SSIMULATION RESULT

In this section is discussed to analysis the sysiemulation resultsThe proposed three-phase VSI system model
and controller simulated with using MATLAB Simuliavironment (MATLAB / SIMULINK), and in figure 2iis

clear. As well as, model parameters includgs=5mH , R, =1Q , f =50Hz, filter capacitolC = 50 F, DC
side input capacitobO0Qu F, DG unit power rate, and current control paransetér, =12.656 and K =0.0021%.

As well as, for SVPWM based on current controltespectively switching and sampling frequencylBkHZ and500kHZ
respectively. It must be noted, all of the resirtgerms of (.U.). In the system, two DG unit is connected withreather and

generally connected to the main grid and consumgbad. As mentioned earlier, a grid structuressuaned in presence of
different distributed generations (DGs) and congionpload. As well as, in this structure in betweane 0.3 — 0.4 seconds,
DGs and consumption load to lose the support ofitaim grid and are disconnected from the grid. @viritgy control structure in

this section is considered as standard.

The authors’ purpose from express DG in simulatigsults is DG1 and DG2. In figure 4 is shown DG (D& DG2) output
current changes in presence of two classic andligeet method. In this figure with considering consumption power will be
supplied by two DGs, fluctuations and power charigethe micro-grid mode has declined. As well asoading to figure 4,
method based on atrtificial intelligence (PSO) (peinqurve) includes less changes and fluctuations.
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Fig. 4. DGsoutput current changes

In figure 5 and 6 respectively DGs voltage charages DGs active power changes is shown. Accordirtbeee
figures, generation power and voltage changesoastdd more favorable status in conditions thahopation
algorithms have been used. In conclusion has lestétions in compared with mode of PSO algoritemot used.
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Fig. 6. DG unit output active power changes

As well as, in figure 7, DG unit output reactivewss is shown.

It is clear in figure 7, with considering to reaetipower consumption amount in the grid under stggyerated
reactive power by DG unit is less than active power

In figure 8 and 9 respectively main network currelmhinges and main network active power changdwisrs
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According to figure 8 at 0.3 to 0.4 seconds, sysigrisolated from main network and current is reatio its

minimum (zero value).

As well as, according to figureif conditions that DG controllers coefficients hdeen set by the PSO algorithm,

the system includes less power fluctuations.

In figure 10, main network reactive power changeshiown.
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According to figure 10, innitial times the system includes fluctuations iengration power thaiver time, this
fluctuations has improved, in conditions that ojitied system by PSO algorithm includes less fluatnat

In figure 11, main network frequency fluctuatiortgoges is shown.

According to figure 11total main network frequency fluctuations is ab@u® Hz. As well as, in conditions that
optimized system by PSO algorithm (blue curve)udelks less fluctuations.

In figure 12, DG output total harmonic distortianshownFigure 12 in terms of using system by classicatrodier
is obtainedTotal harmonic distortion (THD) obtained in thisgen is 14.26 percent.



0.8

— T T
z 4! I
e -2 I
€ b3l |
S
WC \I,rlll,a “ T T T T
3 = ~
reE R s Bt 1 |
md [
oE L I i
— A
Pnnuv T | |
1 oo |
(L I R R S 4 _1___Jeo | B
! ~+7 0 [S]
| Sray |
| | |
| \\,\\ | _ -
I I I |
| | | o _ -
Lo 1 [ I TR (R ] =
| o | ° | =
| | | I u [
| | | =2
I I I | [l
| | | > =+
| | | 4% | S
S 4--4--4350 | i
| | | IS ) o
I I | = =
| | | = mw _ = L
| | | m I =
| | | =
| I P || 5
== Bl s P = |
| | | e o | =
I I I 2] |
| | | =
| I I 5= |
< I I T | -
Lot L S5 |
T T T =]
I I I s |
| | | = _ -
| | | Y—
I I I WJ |
| | |
Y S I B b _ =
(=}
” ” ” =) “ 1 1 1 1
| | | w = ) = o
” ” ” fhany _.m (lejuawepund 4o %) Bew
| | | x _n
— E
T o o e [e) _W
s o o o o = 15
n O n S <
(zH) uoireinag Aousanbe 14 mnu
£
©
=
i
—
Ry
LL

200 300 400 500 600 700 800 900 1000
Frequency (Hz)

100

Fig. 12. DG output total harmonic distortion in presence of classical controller
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Fig. 13. DG output total harmonic distortion in presence of optimized classical controller

In figure 13, DG outputotal harmonic distortion using with optimized d&sl controller is shown. Total harmot
distortion (THD) obtained in this section is 11 & cent, that compared to r-optimized mode had a significa
reduction in the total harmonic distorti

CONCLUSION

In the paper, active and reactive power flow adjgstt when that micr-grids interconnected are connected to
network has been proposed. The goal was appligatdgyosed active and reactive power controller base&SC
algorithm to real-time selfaning. In this work, load demand equally is divddgetween the mic-grid and electric
utility especially long as micrgrid is ingrid to connected operation mode or during load changestefdre, peal
correction effectively reduces imported ger from electric utility to half. In conclusion,ishpolicy could be hav
significant implications for micrayid scenario: reducing dependence on the main p®@ystem, increasin
penetration in micrgource market, reduce electricity costs, and impsustainability.
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