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Abstract—In the hybrid microgrid ,  processes of multiple dc-ac-

dc or ac-dc-ac conversions are reduced in an individual ac or dc 

grid. The hybrid grid consists of both ac and dc networks 

connected together by multi directional converters. In this micro 

grid network , it is especially difficult to support the critical load 

without incessant power supply . the generated power can be 

extracted under varying wind speed , solar irradiation level and 

can be stored in batteries at low power demands. In this scheme, 

inverter control is executed with hysteresis current control mode 

to achieve the faster dynamic switch over for the support of 

critical load. The system provides rapid response to support the 

critical load. And can also operated as a stand alone system in 

case of grid failure like a   incessant power supply. The system is 

simulated in MATLAB/SIMULINK. 

Key words: Hybrid microgrid, islanded mode operation, 

Hysteresis control mode, power quality, 

 

I. INTRODUCTION 
Over 100 years the three phase AC power systems existing 

due to its different operating voltage levels and over long 

distance. Newly more renewable power conversion systems 

are connected in ac distribution systems due to environmental 

issues caused by fueled power plants. Nowadays, more DC 

loads like LED and Electric vehicles are connected to AC 

power systems to save energy and to reduce the pollution 

caused by the fossil fueled  power plants. There is no longer 

necessary for long distance transmission if the power is 

supplied by the local renewable power sources. To connect the 

Conventional AC system to the renewable power sources, AC 

microgrid have been proposed and DC power from PV panel 

and Fuel cell are converted into AC in order to connect to an 

ac grids. Implanted ac/dc and dc/dc converters . In an ac grid, 

implanted ac/dc and dc/dc converters are required for various 

home and office facilities to supply different dc voltages. 

AC/DC/AC converters are commonly used as drives in order 

to control the speed of ac motors in industrial plants. 

Recently, dc grids are resurging due to the development and 

deployment of renewable dc power sources and their inherent 

advantage for dc loads in commercial, industrial and 

residential applications. The dc microgrid has been proposed 

to incorporate various distributed generators and ac sources 

have to be converted into dc before connected to a dc grid and 

dc/ac inverters are required for conventional ac loads. 

Multiple reverse conversions required in individual ac or dc 

grids may add additional loss to the system operation and will 

make the current home and office appliances more 

complicated. 

The objective of constructing a smart grid is to provide 

reliable, high quality electric power to digital societies in an 

environmentally friendly and sustainable way. One of most 

important futures of a smart grid is the advanced structure 

which can facilitate the connections of various ac and dc 

generation systems, energy storage options, and various ac 

and dc loads with the optimal asset utilization and operation 

efficiency. Here in Smartgrid the  power electronics 

technology plays a most important role to interface different 

sources and loads to a smart grid to achieve this goal. 

A hybrid ac/dc microgrid is proposed in this paper to reduce 

processes of multiple reverse conversions in an individual ac 

or dc grid. Since energy management, control, and operation 

of a hybrid grid are more complicated than those of an 

individual ac or dc grid, different operating modes of a hybrid 

ac/dc grid have been investigated. 

In order to verify the effectiveness of the proposed system, 

the current  control mode of voltage source inverter is 

proposed into the distributed network. The proposed control 

system has the following objectives  

  Unity power facto and power quality at point of common 

coupling bus 

 Real and reactive power support from wind generator and 

batteries to load 

 Stand alone operation in case of grid failure 
 

II. CHARACTERISTICS OF HYBRID MICROGRID 
 

Fig.1 represents the Hybrid microgrid configuration where 

various AC, DC sources and loads are connected to 

corresponding AC and DC networks. The various 

characteristics and the component used in the hybrid 

microgrid system is depend on the application.  The 

characteristics and component of a hybrid microgrids system 

greatly depend on the application. The most important factor 

is to be considered whether the system is operated in islanded 

mode or grid tied mode.  

 

A. Grid tied mode 

    If the hybrid system is connected to the utility grid as in 

Distributed generator application the system design will be 

simple with reduced no of  components. Since the voltage and 

frequency are set by the utility system. In addition to this , the 

grid normally provides the reactive power . when the demand 

is more  than the supplied  power by the hybrid system, then  

the shortage is provided by the  utility. similarly, any excess 

power  produced by the hybrid system can be absorbed by the 

utility system . In such cases, the grid does not act as an 

infinite bus. However , it is then said to be  weak , additional 

components and control may need to be added. The grid 

connected mode hybrid system will then come to more closely 

resemble an isolated one 

 

B. Islanded mode 

Islanded grid connected hybrid system is differs in many 

ways from central grid connected system. Initially the system 

must be able to provide all the energy that is required at any 

time on the grid . They must be able to set the grid frequency 

and control the voltage. 

After that the system must be able to provide the reactive 

power required by the system. Under certain conditions , 
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renewable generators may produce energy in excess of what is 

needed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 1. Representation of Hybrid microgrid 

 

 

III. SYSTEM MODELLING 
 

  A. PV panel Modeling 

  

 

 

 

 

Fig. 2. Equivalent circuit of a solar cell 

Fig.2 shows the equivalent circuit of a PV panel with a load. 

The current output of the PV panel is modeled by the 

following equations.   

Io = npIph − np Irs  exp kov/ns − 1                                      (1) 

Ipv = npIph − npIsat ∗  exp   
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B. Modeling of battery 

Two  important parameter to represent state of battery are 

terminal voltage Vb and the state of charge (SOC) 

Vb = Vo + Rb ∗ ib − K
Q

Q
+  Ib  dt + A exp  B  Ib dt      (5) 

SOC = 100(1 +  Ib
dt

Q
                                                             (6) 

C. Modeling of wind generating system: 

Wind generating system is connected with turbine , 

induction generator, interfacing transformer and AC-DC-AC 

converter. 

The static characteristics of wind turbine can be described 

with the relationship in the wind as in  

 

𝑃𝑤𝑖𝑛𝑑 =
1

2
𝜌𝜋𝑅3𝑉3𝑤𝑖𝑛𝑑                                                       (7) 

 

It is not possible to extract all kinetic energy of wind and is 

called power co-efficient. This power co-efficient can be 

expressed as a function of tip speed ratio and pitch angle. 

 

The  mathematical power can be written as 
 

Pmech = CpPwind                                                                       (8) 

Pwind =
1

2
ρπR3V3wind Cp                                                        (9)                                         

    By using turbine rotational speed ,Wtubine mechanical torque 

is shown in  

Tmech =
Pmech

Wturbine
                                                                 (10) 

 

Fig. 3. Power-speed characteristic of turbine. 

 

 

IV. CONTROL SCHEME OF THE SYSTEM 

The control scheme of the proposed system is based on 

injecting the current  into  the  grid  using  “hysteresis  current  

controller.” Using this techniques the controller will keeps the 

control system variables between the boundaries of hysteresis 

area and gives correct switching signals for inverter 

operation. 

The control scheme for generating the switching signals to 

the inverter is shown in Fig.4. 

 

Fig. 4. Control scheme for switching the inverter circuit 

 

The control algorithm desires the measurement of several 
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variables such as three-phase source current i
Sabc for phases a, 

b, c, respectively, dc voltage Vdc , inverter current Iabc  with 

the help of sensors. The current control block receives an 

input of reference current i*Sabc  and actual current i
Sabc  is 

measured from source phase a, b, c, respectively, and are 

subtracted so as to activate the operation of the inverter in 

current control mode.  

In the three-phase balance system, the RMS voltage source 

amplitude is calculated at the sampling frequency from the 

source phase voltage (Vsa , Vb , Vsc ) and is expressed as 

sample template Vsm , as in  

   Vsm={  2

 3
(𝑉𝑠𝑎

2 + 𝑉𝑠𝑏
2 + 𝑉𝑠𝑐

2  }1/2 
                                                (11) 

The in-phase unit vectors are obtained from ac source-

phase voltage  and  the  RMS  value  of  unit  vector  usa , 

usb , usc   as shown in 

usa =
Vsa

Vsm
 , usb =  

Vsb

Vsm
 ,    usc =  

Vsc

Vsm
                                     (12) 

 

The in-phase generated reference currents are derived 

using the in-phase unit voltage template as in 

    I
*

sa=i. usa, I
*
sb=i. usb, I

*
sc=i. usc                                      (13) 

where i  is proportional to the magnitude of filtered 

source voltage for respective phases. It is the output taken 

from proportional-integral controller. This ensures that the 

source current is controlled to be sinusoidal. The unit vector 

implements the important function in the grid for the 

synchronization of inverter. This method is simple, robust 

and favorable as compared with other methods. 

When the grid voltage source fails, the hybrid microgrid 

system acts as a  stand-alone power structure. Under such 

conditions the voltage sensors sense the  condition  and  will  

transfer  the micro-switches for the generation of reference 

voltage from Distributed generator. The above generated 

reference under no source supply gets switched to the stand-

alone reference generator after voltage sensing at the point of 

common coupling. This is a unit voltage vector which can be 

realized by using microcontroller or DSP. Thus, the inverter 

maintains the continuous power for the critical load. 
 

A. Hysteresis Based Current Controller 

Hysteresis based current controller is implemented in the 

current control scheme. The reference current is generated 

as in and the actual current is detected by current sensors 

that are subtracted for obtaining current errors for a 

hysteresis based controller. The ON/OFF switching signals 

for IGBT of inverter are derived from hysteresis controller. 

When the actual (measured) current is higher than the 

reference current, it is necessary to commutate the 

corresponding switch to get negative inverter output voltage. 

This output voltage decreases the output current and reaches 

the reference current. On the other hand, if the measured 

current is less than the reference current, the switch 

commutated to obtain a positive inverter output voltage. 

Thus the output current increases and it goes to the 

reference current. As a result, the output current will be 

within a band around the reference one. The switching 

function SA  for phase a is expressed as follows: 

isa  > (i*sa  + HB) → SA  = 1                                             

(14) 

isa  < (i*sa  - HB) → SA  = 0                                          (15) 

 

where HB is a hysteresis current-band, similarly the 

switching function  SB ,  SC   can  be  derived  for  phases  

“b” and “c,” respectively. The current control mode of 

inverter injects  the current into the grid in such a way that the 

source currents are harmonic free and their phase-angles are 

in-phase with respect to source voltage. Thus, the injected 

current will cancel out the reactive and harmonic part of load 

current. Thus, it improves the source current quality at the 

PCC. The power transfer takes place as soon as battery 

energy system is fully  charged with the help of micro-wind 

generator. 

To achieve this goal ,the source voltage is sensed and 

synchronized in generating the desired reference current 

command for the inverter operation. The implementation of 

the hysteresis band  current co n t ro l  is not expensive. The 

control is excellent for a fast response of an inverter to rapid 

changes of reference current, since current control has 

negligible inertia and delay. 

 

B. Performance of PI Controller 

The proportional-integral type controller is used in the 

control system and its response is very fast. It corrects the 

error  between  measured  variable  and  a desired  set  value. 

The Kp   determine amplification to the current error and Ki 

process the corrected error.  

 The PI controller used to increase the overshoot increases 

the change in the settling time and eliminates the steady state 

error in the system. The increase in loop gain Kp improves the 

steady state tracking accuracy , disturbance signal rejection , 

the relative stability and also makes the system less sensitive 

to the parameter variation . 

 The integral controller reduces the steady state error without 

the need for manual reset. The performance of controller is 

used to stabilize the voltage in the distributed network. 

 Here the FFT analysis of waveform is expressed and the 

THD of the signal is obtained. Three power quality 

improvement is observes at the point of common coupling, 

when this controller is used. 

 

V. SYSTEM PERFORMANCE: 

   The simulink diagram shows the simulation model of the 

hybrid microgrid system with solar and wind energy system. 

In this system, voltage is obtained from the solar panel , and 

this voltage is boosted by using booster circuit. Then this 

voltage is converted into AC by using inverter circuit and this 

voltage is directly applied to the load with the wind power 

The Wind power is obtained from wind turbine with 

Induction generator. The produced power is rectified and 

boosted to a high value which will be synchronized with  the 

power from DC source. Then this boosted voltage is converter 

to AC by means of inverter and given to load.   

The various Output waveforms were taken from Solar and 

wind turbine and the output voltage across the load is indicated 

here under various conditions. 
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Fig.6 Simulation model of the Hybrid microgrid 

 

The below waveform shows the output voltage of wind 

turbine after rectified with the increasing wind speed. 

  

Fig.7 Rectified voltage waveform from the wind turbine. 

 

Fig.8  output voltage form the DC source. 

 

 

Fig.9  Boosted output voltage form the DC source. 

 

Fig.10  Output waveform across the load for varying input condition. 

 

Fig.11 FFT Analysis of  microgrid 

The harmonic analysis of voltage applied to the load is 

shown here. And the different  values of THD for various 

harmonic order are listed below. 

 

 

Table-I 

Performance of the controller operation 

 

Harmonics order 

in source current  

 

1 

 

3 

 

5 

 

7 

 

THD 

With Controller 44.2 0.2 0.6 0.2 5.83% 

With international Electro-Technical Standard 3.0% 

 

The power quality improvement is observed at the point of 

common coupling, when the controller is in ON condition. 

The inverter is placed in the operation and source current 

waveform can be obtained with its FFT. It is shown that the 

THD has been improved considerably and nearer to the norms 

of its standard. 

VI. CONCLUSION 

The present work mainly includes the Islanded  mode of 

operation of hybrid grid. The models are developed for all the 

converters to maintain stable system under various loads and 

resource conditions and also the control mechanism are 

studied the hybrid grid can diminish the processes of DC/AC 

and AC/DC conversions in an individual AC or DC grid, there 

are many practical problems for the implementation of the 

hybrid grid based on the current AC dominated infrastructure. 

The efficiency of the total system depends on the diminution 

of conversion losses and the increase for an extra DC link. 

The hysteresis current controller is used to generate the 

switching signal for inverter in such a way that it will cancel 

the harmonic current in the system. The scheme maintains 

unity power factor and also harmonic free source current at 

the point of common connection in the distributed network. 
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The hybrid grid can provide a reliable, high quality and more 

efficient power to consumer. The hybrid grid may be feasible 

for small isolated industrial plants with both PV systems and 

wind turbine generator as the major power supply. 

REFERENCES 

 
[1] Xiong Liu, Peng Wang, and Poh Chiang Loh, “A Hybrid AC/DC 

Microgrid and Its Coordination Control,” IEEE Trans. Smart      
grid,vol.2 pp. 278-286 June. 2011 

[2] R.H. Lasseter, “MicroGrids,” in Proc. IEEE-PES’02, pp.305-308 
      2002 
[3] Sharad W. Mohod, , and Mohan V.Aware, Micro Wind Power 

      Generator with Battery Energy Storage for Critical Load, IEEE 
       Trans. On Systems, vol. 6, no. 1, pp.118-225, march  2012 
[4] R. H. Lasseter and p. paigi, “Microgrid: A conceptual solution,”     

in Proc IEEEPESC’ 04, pp. 4285-4290, 2004 
[5] P. Piagi and R. H. Lasseter, “Autonomous control of microgrids”  
      in Proc IEEE-PES’06,2006, IEEE, 2006 
[6] F. Katiraei and M. R. Iravani, “Power Management Strategies for  
      a Microgrid with Multiple Distributed Generation Units,” IEEE 
      trans. Power System, vol. 21, no. 4, Nov.2006. 
[7] Y. Zoka, H. Sasaki, N. Yomo, K. Kawahara, C. C. Liu, “An inter- 

action Problem of Distributed Generators Installed in a       
MicroGrid,” in Proc. IEEE Elect. Utility Deregulation,      
Restructuring and Power Technologies, pp. 795-799, Apr. 2004. 

[8] Zhenhua Jiang and Xunwei Yu, “Hybrid DC- and AC-Linked        
Microgrids:Towards Integration of Distributed Energy 
Resources,” in IEEE Energy2030  Conf., pp.1-8, 2008. 

[9] Sharad W. Mohod and Mohan V. Aware,” Micro Wind Power 
Generator with Battery Energy Storage for Critical Load” IEEE 
Systems           Journel,Vol.6,no.1,March 2012  

[10] Carl Ngai-Man Ho, Victor S. P. Cheung, And Henry Shu-Hung 
Chung,“Constant-Frequency Hysteresis Current Control of 
Grid-Connected VSI Without Bandwidth Control”, IEEE 
Transactions on power electronics , Vol.24,no.11,November 
2009 

[11] M. E. Ropp and S. Gonzalez, “Development of a 
MATLAB/Simulink modelof a single phase grid connected 
photovoltaic system,” IEEE Trans. Energy  Conv., vol. 24, no. 
1,pp. 195-202, Mar 2009. 

[12] D. Sera, R. Teodorescu, J. Hantschel, and M. Knoll, 
“Optimized maximum power point tracker for fast-changing 
environmental conditions,” IEEE Trans. Ind. Electron., 
vol.55,no. 7, pp. 2629-2637, Jul. 2008. 

[13] B. Bryant and M. K. Kazimierczuk, “Voltage loop of boost PWM 
DC-DC   converters with peak current mode control,” IEEE 
Trans. Circuits Syst. I,Reg. Papers, vol. 53, no.1, pp. 99-105, 
Jan. 2006 

 

 

Authors Profile 

R.Sundar
1
 received the B.E. degree in Electrical and 

Electronics Engineering from Annai Mathammal Sheela 

Engineering college, Anna University, Chennai, in 2009 and 

he is currently pursuing the M.E.,  degree in Power System 

from Paavai Engineering College, Anna University, Chennai. 

His area of  interests include Renewable Energy, Smart Grid 

and Micro Grid. He is having 2 years of Industrial Experience 

in Erection and Commissioning of Textile machineries. 

C.Arulkumar
2
 obtained his B.E. degree in Electrical and 

Electronics Engineering from Maharaja Engineering college, 

Anna University, Chennai, in 2006 and M.E., degree from 

Sona College of Technology in 2008. Currently He is 

Working as a Assistant Professor in Paavai Engineering 

college, Namakkal from 2008 to till date. His research interest 

includes Power Electronics, Electrical machines and 

renewable energy sources. 

  

 

 

 

 

 

 

 

 

 


