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Abstract — Now a days, renewable energy is used as an alternative way of generating clean energy. Increasing use of ‘green’ 
energy benefits the global environment and hence makes it a global concern. Literature review indicates that, microgrid (MG) 
can offer a power system with features like increased reliability, flexibility, cost effective and efficient energy. The parallel 
operation of small inverters gives modularity to the system and provides extra reliability and redundancy.  This paper deals 
with study of circulating current phenomena in parallel inverters. Accurate power sharing means minimization of the 
circulating current among the modules.  However the issues related to synchronization of parallel inverters, power sharing 
amongst the inverting units and minimization of circulating currents still remains an important topic for research.  
 
Index Terms — Inverters, Parallel Inverters, Circulating Current. 
  
I. INTRODUCTION 
 
Microgrid can be simply defined as the combination of 
distributed generation (DG), electrical energy storage 
and loads. A microgrid is a small-scale power grid that 
can operate independently or in conjunction with the 
area’s main electrical grid. Microgrids can be 
intended as back-up power or to support the main 
power grid during periods of heavy demand hence 
reducing costs and enhancing reliability. The 
generators used in microgrid may be fuel cells, PV 
array, wind turbine or any other alternative power 
sources. The main function of microgrid is to provide 
stable operation during faults and various network 
disturbances[1]. 
 Parallel operation of inverters is more useful for 
improved reliability and easy redundancy operation. 
Parallel operation of inverter system is very sensitive. 
When voltage source inverters are connected in 
parallel, small deviation in the output voltage of each 
module can generate crosscurrent or circulating 
current which affects the reliability and reduce the 
power efficiency. So it becomes necessary to study the 
parallel operation of inverter and phenomena of 
circulating current[2]. 
The paper is divided in four sections including the 
introduction, the second section describes structure, 
topology and configuration of inverter, the third 
section discusses the phenomena of circulating current 
and the fourth section deals with Control strategies for 
minimization of circulating current. 
 
II. INVERTER 
 
A. Structure of inverter 
Inverter is a DC to AC converter used to convert a DC 
input voltage into a symmetrical AC output voltage of 
desired magnitude and frequency as shown in fig.1. 

The wave shape of AC output voltage of inverter 
should be sinusoidal. However practical inverters give 
output voltage that are non-sinusoidal and contains 
some harmonics. Inverters used in low and medium 
power application normally give square wave output. 
In high power applications sinusoidal waveform is 
required, so inverters are carefully designed to give 
sinusoidal output with low distortion.  
       

 
Fig.1 DC to AC converter 

 
The DC voltage input to the inverter is provided by 
battery, fuel cell, solar cell or any other DC voltage 
source. The switching device used in inverter includes 
BJTs, MOSFETs, IGBTs  and GTOs. The selection of 
particular switching device depends upon power 
handling capacity, switching frequency and the cost. 
Using this devices covert Dc voltage to Ac voltage. 
An inverter having DC voltage source as an input is 
called the voltage source inverter(VSI). There are 
three types of VSI  
 

1. Square wave inverter- 
This is the basic type of inverter. Its output is 
alternating   square wave. In this inverter AC output is 
produced from a DC input supply by closing and 
opening switches in correct sequence. The output 
voltage V0 is +Vdc, -Vdc or zero depending on switch 
position(Ref.Fig2). This output wave content is more 
harmonic. 
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Fig.2 Square wave inverter 

 
2. Modified sine wave inverter- 

 Modified sine wave inverters output waveforms is 
similar to the square waveform. In modified sine wave 
inverter  there are three voltage levels in the output 
high, low and zero with dead zone between high and 
low pulses. Modified sine wave inverter output 
waveform is more accurate as compare to square wave 
inverter. 
 

 
Fig.3 Modified sine wave inverter 

 
3. Pulse width modulated inverter- 

 Pulse width modulated (PWM) is single phase full 
bridge inverter as shown in fig.4 This PWM inverter 
uses constant DC voltage source as a input. Therefore 
magnitude and frequency of output voltage needs to be 
controlled. This control is achieved by PWM signal 
for inverter switches to obtain AC output voltage close 
to pure sine wave. 
 

     
Fig.4 Pulse width modulated inverter 

 
Basically an inverter is a combination of switches and 
PWM which generates a signal to turn these switches 
on and off. PWM consist triangular wave 

generator(Carrier signal) and sinusoidal 
signal(Control signal). 
 
B. Inverter Topology 
Various topologies are used for inverter design. Two 
common topologies are push-pull and H-bridge 
topology. Push-pull topology is suitable for production 
of square wave and modified square wave and 
H-bridge is useful for producing modified square wave 
and sine wave outputs. 
 

1. Push-pull topology- 
 Fig.5. shows the basic design of push-pull topology. 
It consist of battery as a input DC source, 
Transformer and transistor switches. 

  

 
Fig.5 Push-Pull topology 

 
When top transistor switch closes current flows from 
negative terminal of battery through the transformer 
primary side to the battery positive. This induces a 
voltage in the secondary side of 
transformer(Ref.Fig.5a). After some time top switches 
open and bottom switches are closed allowing current 
to flow in the opposite direction. Only one switch at a 
time is closed. Output of this topology is square 
waveform.  
 

 
Fig.5a 

 
2. H-bridge topology- 

This topology is similar to push-pull topology. The 
main advantage of this topology is simple design and 
require only primary winding of transformer. The 
design of this topology shown in fig.6.This topology 
consist of four transistor and transformer primary side 
connected between the middle of bridge. 
The transistors are switched on and off in a specific 
pattern same as push-pull topology. Two opposite 
corners of the bridge are closed , allowing current to 
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flow from the battery negative through the transformer 
primary side to the positive terminal of the battery. 
This current induces a current flow in the secondary 
side of transformer. 
 

 
Fig.6 H-bridge topology 

 
C. Configuration of parallel Inverter system 
The parallel configuration of voltage source inverters 
is applied to share the load power, to obtain 
redundancy, to improve the reliability and to make the 
power expansion flexible. High power inverters 
dissipate large amount of heat and handle large 
current, these two factors result in low reliability and 
high cost. Solution for this problem is to design low 
power inverter modules and use them in parallel to 
achieve high power and reliability. 
 

 
Fig.7 A system of parallel inverter modules 

 
The outputs of all inverter modules connected together 
forms the system output. Hence the outputs of the 
inverter modules are directly connected together and 
each module is capable of delivering same amount of 
power. Ideally all modules should provide same 
amount of current to the load. The load current shared 
equally to all inverter modules. 
 
D. Advantages of parallel inverter system over single 
inverter system 

1. Improved heat dissipation- 
Each module generates a fraction of the total 
heat which can be dissipated very easily. 

2. Improved current handling- 
Each module switches a portion of the total 
current. 

3. Higher reliability- 
Each module handles a lower current and 
dissipates less heat which improves module 
reliability. In parallel inverter system any one 

or more parallel modules fails, output power is 
not interrupted. 

4. Lower cost- 
Low component and manufacturing cost. 

5. Field expandable- 
Parallel inverter system can be easily expandate 
to increase output power and redundancy by 
adding more modules[3].  

 
E. Design of parallel inverters 
When parallel inverter system is designed some points 
are required or for achieve this objective parallel 
inverter system is designed. These are 

1. Balanced load shearing- 
All inverter modules designed should have 
same maximum power rating, so as all 
modules shear equal load current. Unequal 
output current causes more stress on some 
modules which reduce reliability of system 
and increased module failure. 
 Suppose two inverters are connected in 
parallel then current imbalance signals,Iimb1 
and Iimb2 are generated by power distribution 
block. Each current imbalance signal is the 
difference between current, which the 
module is providing and current which 
module delivered to the load. If ‘N’ no of 
inverter modules connected in parallel then 
each module deliver 1/N of the total load 
current. 
  Therefore, Iimb1 calculated as 

Iimb1=Iout1-(1/N)Iload 
Iimb1=Iout1-(1/N)(Iout1+Iout2+…+IoutN) 

For balanced load shearing 
Iout1=Iout2=….IoutN=(1/N)Iload 

2. Maximize redundancy- 
 If any one of the inverter module fails should 
not cause any disturbance in power delivered 
to the load. When an inverter module fails, 
the remaining inverter modules contribute a 
higher current to compensate for the failed 
inverter modules. 
 For example if any one of the module fails Iref 
short to ground. In this case reference current 
for all modules become zero and system 
output voltage drops to Zero. Therefore 
single module failure causes total system 
failure. To overcome this problem isolation 
of Iref current is required. For this use of 
voltage buffer is recommended to isolate Iref 
that goes to each module. Therefore when 
reference current Iref1 of one module fails the 
other reference current Iref2 and IrefN remains 
undisturbed. 

3. Fault protection- 
While designing the parallel inverter system 
one more    challenge is to protect the system 
against module failure. for example a module 
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fails when its output is shorted to ground. This 
type of failure disturbs the output voltage and 
damage the other modules. We need to protect 
each module by adding both output current 
limiting circuit and fault protection circuit. 
The fault protection circuit of faulty module 
detects a short circuit and isolates the output 
of that module from the rest of system. The 
current limiting circuit is required to protect 
module from failing due to the initial high 
current while the fault protection circuit 
detect short circuit. 

4. Module synchronization- 
All inverter module connected in parallel 
should have the same output voltage, 
frequency and phase. If the output voltage of 
modules are not equal a current flow from the 
module with the higher voltage to the lower 
voltage that current is known as crosscurrent 
or circulating current. 

5. Minimize module interdependence- 
Inverter modules should be independent from 
one another. Faulty module will not disturb 
the other module in independent system[4]. 

 
III.CIRCULATING CURRENT PHENOMENA 
 
All inverter module connected in parallel should have 
the same output voltage, frequency and phase. If the 
output voltage of modules are not equal a current 
flow from the module with the higher voltage to the 
lower voltage that current is known as crosscurrent 
or circulating current. Circulating current reduce the 
power efficiency, cause the output overload and can 
result in module failures. Circulating current is of two 
types. 

1. Low frequency circulating current- 
Low frequency circulating current generates 
when the parallel inverter modules are 
slightly out of phase or have different voltage 
amplitude. This circulating current causes 
inverter modules to operate ineffectively and 
can result in module or system failure. 

2. High frequency circulating current- 
When two or more PWM inverters are 
connected in parallel with insufficient output 
filters then high frequency circulating current 
is produced (Ref.Fig8). In this each inverter 
generate different PWM waveform which 
causes different output voltage at each 
inverter. This voltage generated at the 
frequency of the PWM switching oscillator 
creates circulating current. 

 
Fig.8 Parallel connection of two inverters 

Z1 and Z2 are the current shearing inductor, Zh is the 
load impedance,V1 and V2 are the output voltages.i1 
and i2 is the load current. 
The circulating current is defined as, 

From equation 6 we conclude that circulating current 
depends upon on current shearing impedances and 
difference in the output voltages of parallel inverter. 
Phase difference and amplitude difference produce 
circulating current[5]. 
 

 
Fig.9 Circulating current flow between the parallel 

Inverters 
 
IV.CONTROL STRATEGIES FOR 
MINIMIZATION OF CIRCULATING 
CURRENT 

 
When two or more inverters are connected in parallel   
circulating current is produced. For minimizing this 
circulating current various control strategies are 
describes in literature. 
These are as follows. 

1. Droop control method- 
The control technique which does not require 
any interconnecting wires among inverter 
modules is called droop control method. In 
conventional droop control method, load 
shearing is achieved by changing(drooping) 
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the voltage and frequency of the inverter. 
Frequency and voltage droop control system 
work well for linear loads[6]. 

2. Master-slave control method- 
In this control technique, one inverter act as a 
master while the rest of the inverters in the 
system are slaves to this main inverter. 
Master inverter operates in Voltage 
controlled mode to control the output voltage 
of other slave inverters which operate in a 
current controlled mode. This method uses 
current controlled inverters in parallel with 
one voltage source inverter (master). This 
technique is useful when large numbers of 
inverters are connected in parallel. 

3. Instantaneous current sharing control- 
In this centralized control technique all 
inverters share information about the current 
shared among them. There are different 
categories to drive references for current like 
average current sharing, maximum current 
sharing and rotating reference current 
sharing. This control system is considered as 
multiple input multiple output (MIMO) 
system as it gives and receives information 
from more than one inverter. There are 
several schemes to meet the requirement of 
accurate current sharing. One of them is to 
equally divide the load among all inverters in 
a system to detect an unbalanced current. It 
needs to regulate voltage and frequency to 
minimize active and reactive components of 
this detected current[6]. 

4. Parallelism control- 
This control strategy based on principle of 
droop control and distributed control. 
Distributed control in the sense all the 
inverters connected in parallel has a common 
reference bus but they need not exchange 
information between them. Parallelism 
control employs the feedback of the inductor 
current of its own VSI for controlling the 
parallel operation. 

 

 
Fig.10 Control scheme of the VSIs connected in  parallel 

The proposed strategy is based on a single reference 
voltage (Vref ) for all VSIs, thus the output voltages of 
all inverters have only small deviations, which are 
caused by parametric variations in the control and 
power components of the inverters. Therefore, the 
parallelism control has the function of equalizing 
these small deviations to ensure power sharing among 
the inverters. 
The proposed control for the parallel operation of 
VSIs based on the feedback of the inductor current 
differs from the current control loop in multiloop 
control[7]. 

 
CONCLUSION 
 
One of the modes of producing a cost effective energy 
is to develop the power system with features like 
increased reliability, flexibility, cost effective and 
efficient energy. These features can be obtained by 
connecting the inverters in parallel and by 
implementing strategies to minimize the circulating 
currents. Hence it becomes necessary to study the 
issues related to synchronization of parallel inverters, 
power sharing amongst the inverting units and 
minimization of circulating currents. In this paper an 
overview of parallel operation of inverters is 
presented. The circulating current phenomena is 
discussed. Different control strategies for 
minimization of circulating current are enumerated.  
Accurate power sharing among the inverter modules 
provides improved reliability and easy redundancy in 
the operation, which can be achieved by minimization 
of the circulating current among the modules. Various 
strategies like Droop control method, Master-slave 
control method, Instantaneous current sharing control 
and Parallelism control method can be implemented to 
generate an inverter which will provide a cost effective 
energy.   
Thus studding the Circulating Current Phenomena in 
Multiple Parallel Inverters Operating in Microgrid 
can provide the solution to the increasing cost 
effective energy demands. The future work is do 
fabricate the laboratory model for parallel operation of 
inverter and apply different control strategies to 
minimize the circulating current.     
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