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ABSTRACT: In this paper different control methods are applied for parallel operated inverter systems. Control
strategies for parallel operation of inverters in microgrid are operated either in grid connected mode or standalone mode
which are analysed and explored in order to get merits and demerits of the control schemes. This review paper gives
clear idea about present development in power supply systems along with the need of power electronic devices.
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I. INTRODUCTION

Present days energy sources like renewable energy and distributed generation (DG)are mostly connected to main
grid via power inverters.While systems are not connected to the main grid is also act as microgrid (MG) called as
islanded MG [1]. High power ratings of electronic devices are available with several numbers of inverters to operate in
parallel to get high-power and for low-cost applications. Critical customers need high reliability and redundancy
operated parallel inverters is also another reason.While sharing the active and reactive power the system maintains
voltage and frequency by all the DGs in an autonomous MG. Network can be complex when the load sharing can be
done without communicating between converters are the most desirable option and can span over a large geographic
area. Frequency droop characteristics is the mostcommon approach to achieve this for parallel converters to control
locally to delivering desired real and reactive power to the system [2]. Frequency and the fundamental voltage
magnitudeare the two independent quantities controlled by achieving thereal and reactive power share. The inverters
changes its behaviour often from voltage to current sources when operate in grid-connected mode [3]. New growth in
MGsbecause coordinated approach can be provided for the integration of DG. The developmentof converter-based
microgrids are been increased by increasing the amount of small-scale power sources which are not directlycoupled to
the electrical network. MGs can operate both modes like in grid connected and islanded mode. The DG units are
grid which follows current-control strategies when operated in the grid-connected operation.Maximum power point
tracking strategy generally determinesthe state of the electrical network for individual unit delivering power by DG
units. Based on the state of the electrical network the power modification reference including the ancillary services
provided by the DG units, in order to support voltage in case of voltage dips and reactive power. The DG units are
responsible for the voltage control and the power balancing and sharing when the MG is operated in the islanded
mode. Hence, it requires a grid forming control strategy for it. As traditional power systems compares with MG
having different characteristics, different operation and control methods have been developed. For uninterruptible
power supply, Communication-based control strategies are mainly developed to achieve good results in islanded MGs.
But communication links are costly and impractical especially in large MGs. When compared with the case where the
primary controls of MGs is required without communication which reduces reliability of the system due to this link
forms a single point failure [4].
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Il. DRoOOP CONTROL THEORY

In MG, more micro sources are interconnected so the system stability and reliability is attained only by the
voltage regulation. In order to reduce the reactive power oscillations and voltage fluctuations we use voltage regulator.
Whenever several DGs are connected to MG then the system become complex even though the power sharing between
them with the help of droop control scheme. Droop control scheme has advantage that it can permits smooth disconnect
and connect to complex system [5].

In the droop control scheme, we can control active and reactive power sharing by using the frequency droop
and control reactive power sharing by using the voltage droop. By regulating the active and reactive powers we can
employ the frequency and voltage respectively. The below equations are shows the conventional droop control
scheme.

In a transmission line, the real and reactive powers are designed as:
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In the aforementioned equations (1) & (2), Resistance is neglected for an overhead transmission lines as it is
much lower than inductance. Also the power angle & is lesser, consequently, sin d=206 and cos 6 = 1.
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From the equation (3), the power angle 6 depends on the real power and it can be controlled throughthe real
power (P) . From the equation (4) the E, can be controlled by regulating the reactive power (Q) . The power angle
and the frequency are interlinked, by adjusting the frequency we can regulate the power angle. Finally, we can

understand the voltage and the frequency of the MG are manipulated by adjusting the reactive power and real power.
By observing equations (5) and (6) we can understand frequency and voltage droop regulation

f=1f+K,(P-F) (5)

E:EO+Kq(Q—QO) (6)
Where f , E =Thenew operating frequency and voltage; P, Q =The new operating Active and reactive power;
fo, E, = Base frequency and voltage; Py, Q, = setdpoints for the real and reactive power; Kp, Kq = Droop

constants.

Drop control theory is explained in the block diagram as illustrated in Fig. 1. In order to control the frequency
and output limit the functions of the droop control block is used.
The central controller delivers the inputs such as the system frequency and the output of power generation, or feeder
flow and set points.
Inputs are local measurements of frequency and power output or feeder flow and the set points are provided by the
central controller. The output of the current controller is current reference signal of the d-axis [5].

In grid connected mode, the grid frequency is constant and rated so that the output power and feeder flow
are also be constant. When the system is disconnected from the main grid, the unbalanced power will be automatically
corrected by droop control scheme. By this control method we gain the steady state rated values.
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Fig.1. The Droop control block diagram [5].

I1l. CONTROL SCHEMES

This paper discusses about different control schemes for the parallel inverters. In [1] control scheme for
conventional limits are reveals the inherent. In adoptedpower ratings to the conventional droop control scheme which is
proportional for accurate load share in parallel-operated inverters with same p.u impedance has been proved. For the
inverters the same voltage set-point had generated by the droop controllers. Proportional load sharing error is obtained
as a result due to difficulty to meet both the conditions practically. A Robust droop controller as shown in Fig.(2), is
then proposed without meeting these two requirements in this paper to achieve accurate proportional load sharing
and to reduce the load voltage drop due to the load effect and the droop effect. Load voltage can be maintained within
the desired range around the rated value. The strategy is robust against different types like parameter drifts,
disturbances, noises, component mismatches, feeder impedance and numerical errors. In this paper the quantified error
is measured load voltage is the only shared error. When measuring the voltage there are errors like a fundamental trade-
off between the sharing accuracy and voltage drop appears. In order to avoid errors or reduction of errors can be
achieved by the setting in global power sharing of accurate frequency and rated voltage.
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Fig.2. Robust droop controller to achieve accurate proportional load sharing [1].

In order to achieve accurate proportional sharingthe mentioned above two conditions are not required in the
robust droop control strategies. Compensating the voltage drops due to the load effect can also be done by this control
strategy maintaining the voltage of load within their desired rated value. Quantitative analysis of the error in power
sharing has been carried out thoroughly. This paper demonstrated various experimental results but here very effective
strategy was proposed was proposed which was shown in [1]. In paper [2] author proposed high gain droop angle

Copyright to IJIRSET DOI:10.15680/1JIRSET.2016.0608021 15677


http://www.ijirset.com

7T
\Q‘QJ
ISSN(Online): 2319-8753

IJIR SET ISSN (Print): 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology
(A High Impact Factor & UGC Approved Journal)

Website: www.ijirset.com
Vol. 6, Issue 8, August 2017

control instead of commonly used traditional frequency droop provides good load sharing in the weak condition and the

overall system was not stable. In order to get the better load sharing in the system, author introduced a supplementary

loop around the primary loop. Because of implementation of the supplementary loop control we can reduce the high

gains that are obtained in primary loop control. Overall the system stability is increased by using supplementary loop.

The supplementary droop control loop as illustrated in Fig. 3, to stabilize the system for a range of operating
conditions while ensuring satisfactory load sharing.
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Fig.3. Supplementary droop controller configuration [2].

In this paper [6] author proposed a controller for a system of inverters operated in parallel. The inverters are voltage
source inverters are voltage source inverters connected by a standard UPS systems. The controller is simple and very
low cost but it will work very efficiently. The parallel operation of the inverters can be possible by taking same phase
reference to all the inverters which are operated in the system and the voltage control loop control each inverter and the
system will give good characteristics. The phase difference between the inverters output voltage is zero due to each
inverter getting the same phase reference. So, the synchronization of all the inverters output voltages is getting very
easily. In this paper [7] two inverters operated in parallel. Each inverter can be controlled by a individual controller. In
this author investigated the active and reactive power sharing in the inverters, which are connected in parallel. By
adjusting voltage and frequency we can achieve good power sharing. There is no communication between the inverters.

In this paper [8] a circular chain control method is implemented | multi-module inverters operated in parallel.
In this system the configuration of the control technique for all modules are similar. Each module having two control
loops in which a PI controller was placed for inner loop through which the system dynamic response was expedited and
outer one is a voltage control loop. In this paper [9] current-limitation control scheme was implemented for multi-
module inverters operated in parallel. Each inverter in this system having voltage and current loops with master and
slave modules, in which master module receive current commands which were generated by voltage controller. The
slave modules with idle running condition. In this[10] paper sinusoidal pulse width modulated inverters connected in
parallel in which the proposed control strategy is auto master-slave control technique. From this control strategy the
dynamic response becomes faster and load current sharing of the each inverter unit is precise. The inverter which share
more load power is master inverter and remaining inverters are slave inverters in the system. In distributed AC power
system the above control strategy gives good load sharing between the parallel inverters.In this [11] paper an enhanced
droop control technique is exhibited for parallel inverters in order to achieve accuracy of reactive power sharing in a
low voltage MG. Here control strategy was implemented by adding rotary-coordinate transformation and sine-virtual
active power frequency droop control scheme.In this paper [12] set of inverters operated in parallel in islanded mode, in
which each inverter connected to main controller unit as shown in Fig. 4. The presence of impedance imbalance in
interconnected cables causes the reactive power sharing in the system is not accurate. The control method which was
implemented in this paper provides good reactive power sharing accomplished by the infrequent voltage measurement
at PCC. Because of the infrequent voltage measurement we can get a new gain value that is replaced traditional
voltage-reactive power droop control method.
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Fig.4. (a) Stage 1: Accurate power sharing. (b) Stage 2: Voltage compensation [12].

In [13], the system enhanced with a secondary controller for a three phase inverter which is operating with a diesel
generator in standalone mode. There is no communication between the inverter and diesel generator. The system can
share the load proportional to their power ratings under balanced and unbalanced conditions, because of presence of the
secondary controller, system can achieve constant frequency and voltage profile in steady state condition and the
circulating currents are also minimized to greater extent.In [14], the author proposed parallel operating inverter system
with various aspects and characteristics and also proposed different methods for system implementation.In this paper
[15], the author proposed control technique for two single phase inverter units interfaced with linear and nonlinear
loads. Here no communication between the inverters. This control strategy enhances the expandability, switching
redundancy and also increases reliability of the system, because of feature of the control, which compensate the non-
uniformity of the inverter units and the effect of imbalance in the line impedance. In this paper [16], set of inverters
operated in parallel in islanded mode of operation. In order to get the stability of the system a novel load sharing
controller is proposed. This is also a decentralized control technique. Two inverters are connected to a common load is
tested in this paper. The proposed controller gives good dynamics when the load is varying.In this [17] paper, inverter
is the only choice for the interfacing the distributed generator and the main grid. In the grid many inverters operating
parallel so, in this paper proposed another technique that ensures the stable operation. Primarily inverter should be
regulating the grid voltage and share the load power accurately. The load is not always a linear load, because of the
non-linear loads the voltage waveform quality may change and system will be unbalance. To avoid the aforementioned
problems a control technique is proposed. The control method gives control task separately in the frequency domain.
Accurate power sharing and grid voltage regulation can be controlled centrally and the command signals are distributed
via low bandwidth communication link as shown in Fig. 5. From the simulation results we can conclude the advantages
of the proposed control technique are maintain voltage stability while large variations in the load and avoiding
circulating currents during steady state and transient conditions.
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Fig.5. Distributed control method [17].

In this [18], a power sharing control strategy has been proposed, the control sharing is based on networked control. In
this system the circuit configuration has two control loops, in which the modules are similar. The output voltage is
regulating by using the inner loop and outer loop is regulating the accurate power sharing. Low bandwidth
communication method is used to get superior load sharing and the system is also robust while the communication fails.
In the networked parallel connected system, the dynamics of the active and reactive powers are described by using a
state space model and also develop a methodology for stable operation when the delay time and data dropout in the
networked parallel inverter system.In [19], a novel load sharing control technique has been proposed for parallel
inverters. Conventional droop control method can effectively use in steady state conditions only. When the load sharing
at transient condition is not possible by using conventional droop control scheme. In this the other proposed a controller,
which will give better load sharing in the case of transient conditions also. By observing the experimental results we
can understand the significant improved dynamic response of the system.

In this [20], author proposed a technology that is complete paralleling control method, which will be used for
the connection of the parallel inverters. The algorithm used in this paper is very effective even though there is no
communication between the inverters, still the operation is very acceptable. The communication between the inverters
enhances the performance, reducing the total harmonic distortion and better power sharing between the inverters.The
model which was proposed in this paper is an islanded mode of MGs [21], gives a solution to the reactive power
sharing in the system and the harmonic distortion in the voltage at the point of common coupling (PCC). Here two level
of control loops are presented. The primary level is basic droop control and the secondary level is to achieve active and
reactive power sharing to restore the frequency and voltage perturbations. Two different loops used (capacitance virtual
impedance loop and voltage compensation loop) to dampen the voltage harmonics at PCC.In this [22] the control
strategy is fully decentralized and it need not any communication between the individual UPS units. In these two
inverters operated in parallel, the active power is regulated by using active power frequency droop method and the
reactive power is regulated by using reactive power voltage droop method. The algorithm involved in this method is
simple for two inverter system. If the no. of inverters in the system is increasing the algorithm also extended to get the
stable operation of the system.In this [23] a novel control method has presented for voltage source inverter, so the
inverters can operate in islanded mode of operation or grid connected mode also. The control has mainly two functions,
valuation of the grid parameters be the first function and the second one is a droop control method. Because of the
above two functions the control scheme can effectively inject active and reactive powers to the grid. Finally we could
understand the scheme which is used in this paper used for distributed generator voltage source inverters for MGs.

Copyright to IJIRSET DOI:10.15680/1JIRSET.2016.0608021 15680


http://www.ijirset.com

"
@
) ISSN(Online): 2319-8753

I]1 RSET ISSN (Print): 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology
(A High Impact Factor & UGC Approved Journal)

Website: www.ijirset.com
Vol. 6, Issue 8, August 2017

Qf _ m—————— Adaptive
o o, = Droop
O > I’ 2(s) controller
P/Q |
Decoupling | @
Transformation |
) [ i
| €o | | s _—
P+ Al 2/ ref
—»{_»> T 926) [[7] Esin(ar—¢)
- ¥ R
Zy b Droop funetions

Fig.6. Block diagram of the adaptive droop control [23].

IV. CONCLUSION

As a part of the earlier discussion, it is observed that the control strategies studied have their own characteristics and
limitations in achieving certain objectives. The progress in control strategies over the past years is clearly seen in the
awareness towards the current work. Because of its discovery and application in MG and distributed energy condition,
parallel inverter control captivated researchers towards this work. The work includes droop techniques which exhibit a
better performance in the aspects of auxiliary services such as system impedance, harmonic power sharing along with
appropriate voltage and power control. The power quality requirement of MG is satisfied with a multi loop control
approach of droop control which operates in combination with auxiliary control loop. This makes the capability of
droop controlled parallel inverter to manage the MG in both grid connected and standalone modes. The technical
challenges in connection to the MG are mentioned which are nothing but the shortcomings of the control mechanism
in various aspects like communication, power sharing methods, stability margin in nonlinear environment. A reliable
quality and self-sustained future grid will be achieved if the short comings are curtailed and the challenges are
addressed properly.

Adapting a single control scheme for all applications is very much tedious in practical conditions. However a vivid
knowledge and profound consideration of these control techniques is very useful in refining them and in turn it will
refine the design. This also helps in improving the design and implementation of future distributed modular grid
architectures which require various methods that will fit exactly with the system requirements.

REFERENCES

[1] Q. C. Zhong, “Robust droop controller for accurate proportional load sharing among inverters operated in parallel,” IEEE Trans. Ind.
Electron., vol. 60, no. 4, pp. 1281-1290, Apr. 2013.

[2] R. Majumder, B. Chaudhuri, A. Ghosh, R. Majumder, G. Ledwich, and F. Zare, “Improvement of stability and load sharing in an
autonomous microgrid using supplementary droop control loop,” IEEE Trans. Power Syst., vol. 25, no. 2, pp. 796-808, 2010.

[3] R. Teodorescu and F. Blaabjerg, “Flexible control of small wind turbines with grid failure detection operating in stand-alone and grid-
connected mode,” IEEE Trans. Power Electron., vol. 19, no. 5, pp. 1323-1332, 2004.

[4] T. L. Vandoorn, J. D. M. De Kooning, B. Meersman, J. M. Guerrero, and L. Vandevelde, “Automatic power-sharing modification of P/V
droop controllers in low-voltage resistive microgrids,” IEEE Trans. Power Deliv., vol. 27, no. 4, pp. 2318-2325, Oct. 2012.

[5] C. Natesan, S. Ajithan, S. Mani, and P. Kandhasamy, “Applicability of droop regulation technique in microgrid - A survey,” Eng. J., vol.
18, no. 3, pp. 23-35, 2014.

[6] a. P. Martins, a. S. Carvalho, and a. S. Araujo, “Design and implementation of a current controller for the parallel operation of standard
UPSs,” Proc. IECON ’95 - 21st Annu. Conf. IEEE Ind. Electron., vol. 1, pp. 584-589, 1995.

[7] K. S. Parlak, M. T. Aydemir, and M. Ozdemir, “Active and reactive power sharing in parallel operated inverters,” MELECON 2006 - 2006
IEEE Mediterr. Electrotech. Conf., pp. 1052-1055, 2006.

[8] P. Electronics, “A 3C Strategy for Multi-Module Inverters in Paraller Operation to Achieve an Equal Current Distribution,” Electr. Eng.,
pp. 186-192, 1998.

[9] S. J. Chiang, C. H. Lin, and C. Y. Yen, “Current limitation control technique for parallel operation of UPS inverters,” in 2004 IEEE 35th
Annual Power Electronics Specialists Conference (IEEE Cat. No.04CH37551), 2004, pp. 1922-1926.

[10] Yunging Pei, Guibin Jiang, Xu Yang, and Zhaoan Wang, “Auto-master-slave control technique of parallel inverters in distributed AC

Copyright to IJIRSET DOI:10.15680/1JIRSET.2016.0608021 15681


http://www.ijirset.com

[11]
[12]

[13]

[14]
[15]

[16]
[17]
[18]
[19]
[20]
[21]
[22]

[23]

Q@
) ISSN(Online): 2319-8753

I] IRSET ISSN (Print): 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology
(A High Impact Factor & UGC Approved Journal)

Website: www.ijirset.com
Vol. 6, Issue 8, August 2017

power systems and UPS,” in 2004 IEEE 35th Annual Power Electronics Specialists Conference (IEEE Cat. No.04CH37551), 2004, vol. 3,
pp. 2050-2053.
R. Linand A. M. Structure, “Analysis of Parallel Photovoltaic Inverters with Improved Droop Control Method,” pp. 84-88, 2015.

W. Issa, S. Sharkh, T. Mallick, and M. Abusara, “Improved Reactive Power Sharing for Parallel-operated Inverters in Islanded Microgrids,”
J. Power Electron., vol. 16, no. 3, pp. 1152-1162, 2016.
H. Matthias and S. Helmut, “Control of a three phase inverter feeding an unbalanced load and operating in parallel with other power
sources,” Proc. EPE-PEMC Conf, pp. 1-10, 2002.
P. Operation and V. S. Inverters, “Parallel Operation Of Voltage Source Inverters,” vol. 24, no. 2, 1988.
A. Tuladhar, H. Jin, T. Unger, and K. Mauch, “Control of parallel inverters in distributed AC power systems with consideration of line
impedance effect,” IEEE Trans. Ind. Appl., vol. 36, no. 1, pp. 131-138, 2000.
J. M. Guerrero, J. Matas, L. G. de Vicuna, M. Castilla, and J. Miret, “Decentralized Control for Parallel Operation of Distributed
Generation Inverters Using Resistive Output Impedance,” Ind. Electron., IEEE Trans., vol. 54, no. 2, pp. 994-1004, 2007.
M. Prodanovi and T. C. Green, “High-quality power generation through distributed control of a power park microgrid,” IEEE Trans. Ind.
Electron., vol. 53, no. 5, pp. 1471-1482, 2006.
Y. Zhang and H. Ma, “Theoretical and experimental investigation of networked control for parallel operation of inverters,” IEEE Trans.
Ind. Electron., vol. 59, no. 4, pp. 1961-1970, 2012.
J. M. Guerrero, L. G. de Vicuna, J. Matas, M. Castilla, and J. Miret, “A wireless controller to enhance dynamic performance of parallel
inverters in distributed generation systems,” IEEE Trans. Power Electron., vol. 19, no. 5, pp. 1205-1213, 2004.
R. C. Annunziato and F. Eduardo, “Development of Parallel Operation of UPS With Variable Virtual Resistance and Flexible
Communication.”
A. Micallef, M. Apap, C. Spiteri-Staines, J. M. Guerrero, and J. C. Vasquez, “Reactive power sharing and voltage harmonic distortion
compensation of droop controlled single phase islanded microgrids,” IEEE Trans. Smart Grid, vol. 5, no. 3, pp. 1149-1158, 2014.
S. Reshma, M. O. Mohammed, J. A. Jaleel, and P. Sreejaya, “Control of parallel operated inverters,” 2011 IEEE PES Int. Conf. Innov.
Smart Grid Technol. ISGT India 2011, no. 1, pp. 254-260, 2011.
J. C. Vasquez, J. M. Guerrero, A. Luna, P. Rodrguez, and R. Teodorescu, “Adaptive droop control applied to voltage-source inverters
operating in grid-connected and islanded modes,” IEEE Trans. Ind. Electron., vol. 56, no. 10, pp. 4088-4096, 2009.

Copyright to IJIRSET DOI:10.15680/1JIRSET.2016.0608021 15682


http://www.ijirset.com

