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       Transient Stability Analysis of Multiple 

Converter Based Microgrid

Abstract 
The analysis of transient stability of conventional power systems 

is well established, but for inverter based microgrids there is a 

need to establish how circuit and   control features gave rise to 

particular oscillatory modes and which of these have poor 

damping. This paper develops the modeling and stability 

analysis of autonomous operation of inverter 

based microgrids.Each sub-module is modeled in state-space 

form and all are combined together on a common reference 

frame. The model captures the detail of the control loops of the 

inverter but not the switching action. Some inverter modes are 

found at relatively high frequency and so a full dynamic model 

of the network (rather than an algebraic impedance model) is 

used.High gain angle droop control 

ensures  proper   load   sharing,   especially  under   weak   syste

m conditions, but has a negative impact on  the overall stability 

It has been shown that real power modes get affected with the 

real power droop coefficients, while  the reactive power modes 

are sensitive  to reactive power droop coefficients. Transient 

stability results have been obtained from a microgrid of three 

invertersThe abstract should summarize the content of the 

paper.  Try to keep the abstract below 150 words.  Do not have 

references or displayed equations in the abstract. It is imperative 

that the margins and style described below be adhered to 

carefully.  This will enable us to maintain uniformity in the final 

printed copies of the Journal. Papers not made according these 

guidelines will not be published although its content has been 

accepted for publication. Paper form is a necessary condition for 

its publication, as well as its content. 
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1. Introduction

Recent innovations in small-scale distributed power 

generation systems combined with technological 

advancements in power electronic systems led to concepts 

of future network technologies such as microgrids. These 

small autonomous regions of power systems can offer  

increased reliability and efficiency and can help 

integrate renewable energy and other forms of distributed 

generation (DG) [1]. Many forms of distributed 

generation such as fuel-cells, photo-voltaic and micro-

turbines are interfaced to the network through power 

electronic converters [2]–[5]. These interface devices 

make the sources more flexible in their operation and 

control compared to the conventional electrical machines. 

However, due to their negligible physical inertia they also 

make the system potentially susceptible to oscillation 

resulting from network disturbances. 

A microgrid can be operated either in grid connected 

mode or in stand-alone mode. In grid connected mode, 

most of the system-level dynamics are dictated by the 

main grid due to the relatively small size of micro 

sources. In stand-alone mode, the system dynamics are 

dictated by micro sources themselves, their power 

regulation control and, to an unusual degree, by the 

network itself. 

One of the important concerns in the reliable 

operation of a microgrid is transient stability. In 

conventional power systems, stability analysis is well 

established and for the different frequency ranges (or time 

horizons) of possible concern there are models which 

include the appropriate features. The features have been 

established on the basis of decades of experience so that 

there are standard models of synchronous machines, 

governors and excitation systems of  

varying orders that are known to capture the important 

modes for particular classes of problem.  This does not yet 

exist for microgrids and may be difficult to achieve 

because of the range of power technologies that might be 

deployed. However, we can begin by developing full-order 

models of inverters and the inverter equivalents of 

governors and exciters. Examination of these models 

applied to various systems will develop that body of 
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experience that allows reduced order models to be selected 

for some problems. 

 

In this paper, a systematic approach to modeling an 

inverter-based microgrid is presented [6-18]. Each DG 

inverter will have an outer power loop based on droop 

control to share the fundamental real and reactive powers 

with other DGs. Inverter  internal controls will include 

voltage and current controllers which are designed to 

reject high frequency disturbances and damp the output 

LC filter to avoid  any resonance with the external 

network. The small-signal state-space model of an 

individual inverter is constructed by including the 

controllers, output filter and coupling inductor on a 

synchronous reference frame whose rotation frequency is 

set by the power controller of that inverter. An arbitrary 

choice is made to select one inverter frame as the common 

reference frame and all other inverters are translated to 

this common reference frame using the simple 

transformation techniques familiar in synchronous 

machine systems. It is considered that state-less 

impedance models of the network are inadequate for use 

with full-order inverter models which include high 

frequency modes. Instead a dynamic (state-space) model 

of the network is formed on the common reference frame. 

 

Once the small-signal model has been formed, 

eigenvalues (or modes) are identified that indicate the 

frequency and damping of the oscillatory terms of the 

system transient response.  The analytical nature of this 

examination then allows further investigation so that the 

relation between system stability and system parameters, 

such as the gains of controllers is established.This 

represents a systematic approach to finding appropriate 

models and avoids the danger of neglecting a system 

feature that later turns out to be important. 

 

2. CONVERTER STRUCTURE AND CONTROL 

 

All the DGs are assumed to be an ideal dc voltage 

source supplying a voltage of to the VSC. The 

structure of the VSC is as shown in 

fig.1. In this, u⋅Vdc1 represents 

the converter output voltage, where u = ± 1. The main ai

m of  the converter control is to generate u.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig1:Single-phase equivalent circuit of VSC (LCL filter). 

   The following state vector is chosen 

                                                                                                                                                         
                                                              

where converter output voltage is the same as the voltage 

acro  

ss the filter capacitor .The control action results in perf

ect  tracking when the error is within limit.The switching 

function u is then generated as  

       If uc > h then u = +1  

elseif uc < −h then u = −1 

where  h  is  a  small  number 

         Each inverter is modeled on its individual reference 

frame whose rotation frequency is set by its local power 

sharing controller. The inverter model includes the power 

sharing control dynamics, output filter dynamics, 

coupling inductor dynamics and voltage and current 

controller dynamics. These last two elements introduce 

high frequency dynamics which are apparent at peak and 

light load conditions and during large changes in load. 

3.DROOP CONTROL AND DG REFERENCE GENERATI

ON 

          The same control strategy is applied to all the 

DGs.It is  

assumed total power demand in the microgrid can be 

supplied by the DGs and no load shedding is required.The 

output voltages of the converter are controlled to share 

this load proportional to the rating of the DGs.As an 

output inductance is connected to each of the VSCs the 

real and reactive power injection from the DG source to 

the microgrid can be controlled by changing voltage 

magnitude and its 

angle.It is evident that the reference for all the elements of

 the states, given in (1), is required for state 

feedback.Since Vandδ 

are obtained from the droop equation the reference for the 

capacitor voltage and current are given by 
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(3)  

                                      

The reference for the current  can be calculated as   3 

 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

                                                                     

(4)  

The above calculation will need a phase shifter for the inst

antaneous current reference.This may not 

be desirable.Hence the measured values of the average  

real and  reactive  power output of the VSC can be used to 

find magnitude and phase angle of the reference rms 

current. 

 

  and                  

(5) 

 

Hence the current reference can be given as 

 

                                         

(6)  

 

4.STATE SPACE MODEL OF AUTONOMOUS MICROG

RID 

        The stability of a microgrid needs to be studied 

through the analysis of state-space models, and so suitable 

models of converters are needed to complement the well 

established models of  rotating  machines. As machine 

models include features such as automatic voltage 

regulators and wash-out functions, the converter  model 

should also include control loops.In an autonomous 

microgrid  that  contains converter based  DGs  only, the  

fast switching  action  can  influence  the network  

dynamics. 

Hence   the  network  is  modeled  by  differential  equatio

ns  rather  than algebraic  equations  

for   stability   investigation.  So   

far   we   have   presented  the  single-phase control of the 

converter.However,for the analysis of the total microgrid 

system,a common reference frame is chosen and the 

system voltages and currents are converted in a DQ 

reference frame. 

    

Fig.2shows  the  block  diagram of  the complete  microgr

id  system containing Z number of  DGs. It is assumed  

that the  model of each of  DGs is same. This includes the 

VSC with its state feedback  controller, droop controller 

and the  interface  block  that  connects the   converter  

to the network. The system  equations  are  nonlinear and  

thus  they are linearized to perform eigenvalue analysis. 

The linear quantities are denoted by  the prefix ∆. The  

measured  real and reactive power output ( P, Q) of 

converter is fed to the droop controller, while voltage 

reference ( ), 

set by droop controller,is fed back to the converter. The 

DGs areconnected to the network through 

the interface block which convert the input/output signal 

from DG reference frame to the common reference frame  

and  vice versa. Each  DG  block  has, current  output  to  

the  network,  which  is converter output current 

( ) and  network  voltage as input ( ).  

Similarly, the input to the load model isthe network 

voltage at the connected nodes ( ) and its output 

is the  load  current  ( ). The state space 

equations  of  the  DG-VSC,  load  and  network  are 

derived  separately  in  a  modular  fashion. These  are  

then   combined  together depending on the network 

structure to get the overall microgrid system model.     

 

 

 

 

 

 

 

 

                                            

 

 

 

 

 

 

 

 

 

Fig2.Interconection diagram of the complete microgrid sy

stem 

 

5.CONVERTER  MODEL 

        From equivalent circuit shown in Fig.1 the following 

equations are obtained for each of the phases of the three-

phase system 
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(7)   

 

                                                             

(8)  

                                                  

                                                              

(9)  

 

Equations (7-9) are translated into a d-q reference frame 

of  converter output voltages,rotating at system frequency 

, where a-b-c to d-q transformation matrix P is given by 

 

 
 

 

Defining a state vector as                                                                                                             

=       

 

the state equation in the d-q frame is given by 

 

        =                                          

(10)    

 

In (10), the matrices are 

         Fig. 3. Microgrid system under consideration. 

 

 

 
 

         and       

 
 

 

 

It is assumed here that the tracking is perfect and hence,in

 the  limit,u can be represented by 

can be expressed as 

( )

 

 

                                                   (11) 

 

The above equation can be written in matrix form as 

                                                      

(12)    

Where,    

                 

        

 

              

 
 

Substituting (11) into (12) we get 
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(13) 

 

Since is assumed to be constant, the linearization 

(13) will not alter .This linearization results in 

 
                    

(14) 

Where, 

    and         

                                                                                                                                              

The current references can be expressed in terms of t

he voltage reference as 

 

                              

(15)  

            

  (16)  

 

Combining (15) and (16), the reference vector is give

n a 

 
                                     

(17) 

Where 

                          

Combing (14) and (17) we get the converter model as   

 

                  

(18)  

 and     

6. DROOP CONTROLLER 

Droopcontroller set the references  for converter output vo

ltage  magnitude and its angle.The   output  voltage  

of    the  converter  is  equal   to  voltage  across  the  

capacitor    .The  measured instantaneous  real  and 

reactive power are    passed through two low pass filters to 

obtain the average values of P and Q respectively. The 

basic idea behind the droop control is to mimic the 

governor of a synchronous generator.  In a conventional 

power system, synchronous generators will share any 

increase in the load by decreasing the frequency according 

to their governor droop characteristic. This principle is 

implemented in inverters by decreasing the reference 

frequency when there is an increase in the load. Similarly, 

reactive power is shared by introducing a droop 

characteristic in the voltage magnitude.These can be 

expressed as 

                             

(19) 

 

System Quantities Values 

Systems frequenc

y 

50Hz 

Source 

voltage( ) 

11kv rms (L-L) 

Line 

impedance 

Lin

e-1: 

) 

Lin

e-2: 

(  

                         

Load 
 

                 

                 

DGs and Control

ler 

DC voltage (Vdc1

, Vdc2, Vdc3 

Transformer ratin

g 

VSC losses (Rf) 

Filter capacitance 

(Cf) 

Filter Inductances

 (Lf) 

3.5 kV 

3 kV/11 kV, 0.5 MVA, 2.5% 

1.5 Ω 

185 F 

20 mh 

State Feedback 

Controller (K) 

[1.6963  0.3449  1.6959]  

Droop Coefficien

ts 

m1 = m2 = m3 = 

m 

        

n1 = n2 = n3 = n 

4.18  

2.272  

Low pass Filter c

ut-off   

31.4 rad/sec 
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(20)  

The real power sharing between inverters is obtained by 

introducing an artificial droop in the inverter frequency as 

in (19),(20). 

 

  TABLE-1:NOMINAL SYSTEM PARAMETERS 

 

7. COMPLETE MODEL OF AN INDIVIDUAL 

INVERTER 

 

               To connect an inverter to the whole system the 

output variables need to be converted to the common 

reference frame.The obtained overall equations for 

individual inverter 

 

                               

(21) 

 

                        

(22)  

 

                                     

(23) 

 

                                     

(24)   

 

                                     

(25) 

 

                                     

(26) 
 

                                     

(27) 

 
                                     

(28) 

 

 

 

 

 

 

 

8. TRANSIENT STABILITY RESULTS 

 

                    Fig 4.Ouput Currents of three inverters    

             Figures 4 shows output current response of three 

inverters,figures 5 shows output voltages of three 

inverters. Figure 6 shows the real power load sharing 

among the inverter and DGs fundamental output power 

response.Figure 7 shows reactive power load sharing. 

Figs. 4–7 show the response of state variables and of all 

the three inverters . 

 

 

 
                    Fig 5.Output Voltages of three inverters 
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                Fig 6:Active power response of three inverters 

               Fig 7:Reactive power response of three inverters   

 

                                               

9. Conclusions 

                                    In this paper, transisent stability 

analysis of a microgrid presented. The converter 

individually modeled and are then combined on a 

common reference frame to obtain the complete model of 

the microgrid.This is illustrated transisent stability 

analysis. This paper gives clear idea of transformation 

from one reference frame to another.Results obtained 

from the model were verified experimentally on a 

prototype microgrid. It was observed that the model 

successfully predicts the complete microgrid dynamics 

both in the low and high frequency range. The transisent 

stability analysis has had a long history of use in 

conventional power systems. The inverter models  

illustrated in this paper allow microgrids to be designed to 

achieve the stability margin required of reliable power 

systems.This paper clearly shows the real power sharing 

and reactive power sharing between the inverters.The 

results obtained gives clear transisent stability analysis. 

 

                                    References 
[1] R.H. Lasseter,  ”Microgrids,” in Proc. Power Eng. Soc. Winter 

MeetingJan 2002, vol.1, pp. 305-308. 

[2] A. Arulapalam , M. Barnes, A. Engler, A. Goodwin, and N. Jenkins, 

“Control of power electronic interfaces in distributed generation 

microgrids,” IntJ.Electron., vol. 91,no. 9,pp. 503-523, Sep. 2004. 

[3] R. Lassetter, “Integration of Distributed Energy Resources: The CERTS 

MicrogridConcept,”  CERTRep.,Apr. 2002. 

[4] M.S. Illindla,  P.Piagi, H.Zhang, G. Venkataramanam, and R.H. 

Lasseter, “Hardware Development of a Laboratory-Scale Microgrid Phase 

2:Operation and Control of a Two-Inverter Microgrid,”Nat. Renewable 

Energy Rep.,Mar. 2004. 

[5] Y.Li, D.M. Vilathgamuwa, and P. C. Loh, “Design, analysis and real-

time testing of A controller for multi bus microgrid system,’ IEEE 

Trans.PowerElectron.,vol.19,no. 5,  pp. 1195-1204,sep.2004. 

[6] E. A. A. Coelho,P. Cortizo ,and P.F. D. Gracia, “Small signal stability 

for parallel- connected inverters in stand-alone ac supply systems,”IEEE 

Trans. Ind.Appl., vol 38,no.2,pp. 533-542,Mar./Apr.2002. 

[7] J.M. Guerrero, L. G. V. Na, M.Castilla, and J. Miret,”A wireless 

controller to enhance Dynamic performance of parallel inverters in 

distributed generation systems,”IEEETrans.Power Electron., vol. 19,no. 

5,pp. 1205-1213,Sep. 2004. 

[8] A L.Dimeas and N.D. Hatziargyriou, “Operation of a multiagent system 

for microgrid Control,” IEEE Trans.Power Syst., vol. 20,no.3,pp. 1447-

1455,Aug. 2005. 

[9] M.Prodanovic’, T.Green, and H. Mansir,”A survey of control methods 

for Parallel three-phase inverters connection,”Proc.Inst.Elect.Eng., 

no.475,pp. 472-477, Sep. 2000. 

[10] M.C. Chandorker,D. M. Divan, and A, Rambabu, “Control of parallel 

connected inverters in stand-alone ac supply 

systems,”IEEETrans.Ind.Appl., vol. 29,no. 1,pp. 136-143,Jan./Feb.1993.   

[11] J.M Undrill,”Dynamic stability calculations for an arbitrary number of 

interconnected synchronous machines, “IEEE 

Trans.PowerApparat.Syst.,vol PAS-87,no. 3,pp. 835-845,Mar.1968. 

[12]  M.NMarwali,J.Jung, and A.Keyhani,”Control of distributed 

generation systems- part11: load sharing control,”IEEETrans.Power 

Electron., vol. 19,no. 6,pp. 1551-1561,Nov. 2004. 

[13] M.Prodanovic’,”Power Quality and Control Aspects of Parrllel 

Connected Inverters in Distributed Generation,”Ph.D. dissertation, Imperial 

College,Univ.London,Uk, 2004. 

[14]  M.NMarwali,J.Jung, and A.Keyhani, ”Control of distributed 

generation systems- part1:voltages and current control,”IEEETrans.Power 

Electron., vol. 19,no. 6,pp. 1541-1550,Nov. 2004. 

[15] P.Kundar, POWER SYSTEM STABILITY and CONTROL.New 

York:McGraw-Hill,1994. 

[16] C.A. Hernandez-Aramburo, T. C. Green, and N.Mugniot,”Fuel 

consumption minimization of a microgrid,”IEEE Trans. Ind.Appl, 

vol.41,no. 3,pp. 673-681,May/Jun.2005. 

[17]  A.Tuladhar ,H.Jin, T.Unger, and K.Mauch,”Control of parallel 

inverters in distributed ac power systems with considerations of line 

impedance effect,”IEEETrans.Ind.Appl,power vol. 36,no.1,pp.131-

138,Jan./Feb.2000. 

[18] A.Engler,”Applicability of droops in low voltage 

grids,”Int.J.Distrib.Res.,  vol.1,no.1,pp.3-15,Sep.2004 

 

466




