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Abstract— Now a days Most of natural energy sources such as wind, geothermal, solar, biomass, and hydro show predominance 
for energy production. Out of these natural energy sources, small wind and small hydro energy which are  complements each 
other. induction generators (SCIGs) is used to Power generation by wind as well as hydro systems.  The wind turbine in recent 
year which  has switched from  fixed variable speed as later has advantages of  1) dynamically balance for power 
pulsations,torque 2) reduce in mechanical stresses,3) improves power quality 4) system efficiency. There are however  some 
isolated locations where hydro and the Simultaniously exist the given wind potential but these cannot connected to thepower 
station i.e. Grid. For these  locations , a “innovative isolated hydro wind hybrid system by using battery storage and cage 
generators” is presented in this paper. It employs two SCIG out of these two SCIG; One squirrel-cage induction generator 
(SCIG) is drive by a wind turbine having variable-speed  and other SCIG driven along with constant-power hydro turbine BESS 
which feeds loads having four leg three phase system. To achieved  maximum power tracking (MPT) Control technique is 
implemented for the VSCs  . under variable wind speed using wind turbine with the help of rotor speed we can achieve maximum 
power. We can achieve it with controlling load voltage and frequency.Bidirectional power flow control is proposed in this 
paper.this proposed system analysis we did with the help of variable load and variable speed wind speed. 
Keywords— Battery energy storage system (BESS), squirrel cage Induction generator (SCIG),small hydro, wind-system energy 
conversion (WECS). 

I. INTRODUCTION 
Due to increasing prices of various fossil fuels,. Renewable energy sources have become attention to the  world. Non fossil system 
plays important role in Progress the security of energy supplied by declining the dependency on other fuels and in reduction of the 
emission of greenhouse gases. The sustainability of remote systems using Non fossil  energy sources depends essentially on 
regulations and measures taken by stimulation. Non fossil sources like for example geothermal, pv panel , wind, and water power 
generation are inexhaustible. Out of these power sources, wind and water power plant having the capacity to go collectively with 
each others generation through tiny or micro winds system as well as hydro systems.  SCIG is used for many applications. capacitor 
bank is need at the  end of stator of hydro plant for its reactive power. r The SCIG having  many advantages due  simple in design,  
cost is minimum, maintenance free, rugged such as in  comparison  with the old generator. 

 
Fig. 1. diagram for  hybrid system
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II. SYSTEM DESCRIPTION  

In case of individual systems which is supplying local loads there are two possible cases 
If wind system power is larger than load requirement then excess power is stored in battery.  
When the power supplied from system which  is less than the load in this case stored power from batteries transferring to the load 

side.  
In this independent systems, the control of voltage and frequency (VFC) is extremely important. battery-based controller is proposed  
control of frequency and voltage in isolated WECS . A novel current control technique is proposed for the load side converter. For 
generation of switching pulses to the converter reference current signal is generated from load side current as well as current 
generated from SCIG.By this control method, To get  SCIG currents unbiased and the sinusoidal at the nominal frequency ,the 
switching of the load-side converter is proposed. With the help of zigzag transformer. load current is compensated using this 
converter. Fig 2 shows wind turbine Matlab model. 

 
Fig 2 Wind turbine 

 

 
Fig 3 Wind turbine with generator 
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Fig4  control policy for the converter control at machine (SCIGw) side is given 

III. CONTROL ALGORITHM 
Main  objective of the converter of (SCIGw) machine side is to achieve MPT and to supply the essential of the SCIGw currents for 
magnetization. To maintain load voltage frequency and magnitude we are using load side converter.for the two converter control 
technique is proposed in this paper. 
 
A. control technique for machine side convrter 
The purpose of the converter which is  (SCIGw)machine  side is for MPT  to achieved optimum of the  torque for SCIGw to the 
current is  given the required magnetizing to the SCIGw. The control policy for the converter control at machine (SCIGw) side is 
given in Fig. 4. The PWM Current-controlled  inverter    is  operates as a three-phase sinusoidal current source. For generation of 
torque Te* speed of generator ω which  is compared to the reference ω* and the error is given to PI controller. 

 

 
fig 5  produce a torque Te*. 

 
iqs* =  reference  stator quadrature-axis current . 
Te* = torque reference Te*  
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Fig 6  is developed from below equation. 

                                    (1) 
 
Where 
Rotor side inductance= Lr   , 
 mutual inductance= Lm = 
 flux linkage of rotor = |ψr|est   . 
 It is calculated below                                  
                                                                        

                                                (2) 
where  
τr =  rotor time constant 
τr = Lr / Rr. 
stator current reference of  d-axis= ids*  
 

 
fig 7 developed from below equation 

 

                                    (3) 
 
Θe = position of rotor flux  
ωm = rotor speed  
ωsl = slip frequency  
iqs* = the current of stator reference  
Θe required which is generated from the  ωm and  ωsl. 
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Fig 8 developed from below equation 

                                                                          

                               (4) 
 

The value of ωsl which   is calculated from  iqs* the given motor parameters. 
 

                               (5) 

 
fig 9 shows the coordinate transformation model developed in Matlab. 

 
B. abc to dq transformation 
Direct-axis and quadrature axis iqs* and ids* are converted into ia*, ib*, ic*.this three phase current is used as reference current for 
pulse generation.To maintain the motor speed with required reference speed PI controller is need.  

 
fig 10  shows the coordinate transformation model developed in Matlab. 
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Fig 11   shows the coordinate transformation model developed in Matlab. 

 
C. The Control of Load-Side Converter 
To maintain  frequency and voltage at the load side irrespective of load, load side inverter is proposed. balanced power in the system 
is achieved by  
1) Extra power is stored in device like battery . 
2) If there is extra power need to load side then that excess power is taking from load side 
3) to maintain the constant value of the load load-side converter provides reactive power.The  load side converter control scheme 

is given in fig 12.  
4) The voltages reference (V*an, V*bn, V*cn) these  load voltages control at time t 

   V*an =√2Vtmsin(2πft)                                (6) 
V*an =√2Vm sin(2πft-2*pi/3)                         (7) 

                                                                V*an =√2Vm sin(2πft +2*pi/3)                        (8) 
 

Where 
 f = frequency=  50 Hz, 
Vm = 240 V.= the neutral to phase  load voltage (rms) 
The (van, vbn, vcn) load voltages are detected. They are compared with the voltages reference. This error voltages such as 
(vanerr,vbnerr and vcnerr) which are calculated as below 

                                             (9) 

                                             (10) 

                                             (11) 
 

The  SCIGh currents which are three phase currents (I*ah , I*bh, I*ch) which is reference which are generated by feed the error 
signals  for voltage to Proportional Integral voltage controller. Which are calculated as  

                     (13) 

                      (14) 

                       (15) 
 

Where  
Kpv= PI controller gain 
Kiv = PI controller gain 
The currents of three-phase SCIGh which are reference are characterized  with the sensed currents of SCIGh. The current of SCIGh 
of the errors are given as 

                                 (16) 

                                 (17) 
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                                  (18) 
by gain K=5 current errors  are amplified. A fixed-frequency of 10 kHz repeating sequence having  amplitude one  is compare with 
above signals to get switching pulses for IGBTs of converter at the load-side. 

 
Fig12 :Load side converter 

 

 
 Fig 13   diagram of turbine and drive train in matlab 
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Fig14  diagram hybrid system in simulation 

IV. RESULT 
The overall performance of the  hybrid system which is verified in the various dynamic conditions . under unbalanced and balanced 
linear load , balanced/unbalanced nonlinear load , analysis of the system is done using matlab simulink tool. Fig 13 shows 
simulation result showing WIND  generation voltage and current: 

 
Fig15  Wind voltage and current 
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Fig 16   Hydro voltage and current 

 
Fig 17  shows simulation result of Load voltage and current 

 
Fig 18  Wind power,frequency 
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Fig 19  Battery voltage and power 

 
Fig 20  Hydro power 

V. CONCLUSIONS 
Small hydro energy and The energy of wind having the capacity  to give balanced condition to  each other.  many  more   remote 
places are there and they cannot be connected to the grid and for these locations, four leg three phase Inverter independent hybrid  
system of  wind-hydro which has been simulated by the use of commonly used block and and power system blocks tool boxes in 
MATLAB. This  system uses SCIG which is  driven by wind turbine and other SCIG which is driven by hydro turbine in parallel 
with BESS. In the proposed hybrid system the performance which  is studied for variable wind speed and variable load. Our 
proposed hybrid system gives performance well under diverse dynamic conditions at the same time  constant voltage and frequency 
is maintain.   
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