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Abstract 

Nowadays energy need is mainly depends on conventional sources. But due to bounded availability of the sources, the analysis 

has shifted to renewable energy sources. In this wind energy is considered as the one of the best technologies. The wind energy 

conversion system (WECS) is now fulfilling the both grid-connected as well as stand-alone load demands. However, the wind 

flow was unpredictable, in order to maintain the continuous supply a suitable storage technique is required, for that a hybrid 

wind-battery system is considered for the desired load demand. In this paper a 4 KW hybrid wind and battery system is analyzed 

to meet the load demand of 3 KW stand-alone DC loads. On battery side the battery charger controller was designed based on the 

turbine maximum power point tracking and the state of charge of battery. From the mechanical side, the pitch control mechanism 

will look after the WECS. Both the control schemes are studied by using the FUZZY with PI environment at different wind 

profiles in MATLAB/SIMULINK.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Energy is the major element in nature, the energy is now plays a vital role for development. At present the energy sources are the 

nonrenewable sources, these sources are gives he environmental issues for that reason renewable energy sources are came in 

picture for meet the energy demand [1]. The wind energy is the protective and innovative source for generating the sufficient 

amount according to the demand and it is very need to future [2]. The wind energy not continuous and may not produce the 

proper output as per the demand. The effective working is going on this wind energy system for meeting the required demand, 

and for making this effective a new topology is developed that is wind energy conversion system (WECS). This WECS is more 

effective when connecting with some controllers then it will be more convenient to operate, nowadays many stand-alone 

techniques are designed for generate effective power. For power generation with WECS is made by the asynchronous generator 

because this asynchronous generator has a capability for variable speed operations with maximum output power [3]. for that the 

induction generators are going to be used, this induction generator requires proper excitation system, so capacitor banks are 

installing for this problem, this will provides the excitation property for this self-excited induction generator [4]-[6]. Due to 

fluctuations in the wind speed, a storage system is required for WECS for demand [7]. The benefits of battery storage system are 

help to this problem [8]. From this battery storage system we can capture the maximum power and have the adaptive capability 

[9]. The new MPPT controller is designed for capturing the maximum output [10]. However the battery charging system will 

help to generate the desired demand. Some control techniques are used here for WECS those are pitch control, charger control, 

Fuzzy with PI controller. The pitch control provides the proper signal for wind turbine (WT) and that will help to generate proper 

demand, several pitch Control techniques are designed in [11]-[13].the charger control helps to charge and discharge operation of 

the battery for fulfill the demand. The fuzzy with pi controller will provide the proper signal with smooth variation of wind 

speed, converter output and the WECS ac power. The state of charge (SOC) will give the status of the battery. 

The WECS designed here is of SEIG and with WT and the output has given to a uncontrollable diode rectifier then the output 

is connected to the DC-DC buck converter for maintaining the over voltage condition, this will be given to the battery system 

and a stand-alone load. The battery will operate by the input value like when the feasible output came then it will charge 

otherwise it will discharge with respect to the demand. 

II. HYBRID WIND-BATTERY SYSTEM FOR STAND-ALONE DC LOAD 

The proposed system has 4KW self-excited synchronous machine and a 400Ah lead acid battery bank. The scheme is designed 

for bearing the 3KW stand-alone DC load. The block diagram of hybrid wind-battery system shown in fig.1. The system has a 

5.4hp SEIG wind turbine connected with a capacitor bank for self-excitation. The output of the wind turbine generator is 

connected to a three phase uncontrolled diode rectifier. To meet the load demand when the unavailability occurred in wind power 

a battery is connected to this system. The uncontrolled DC output of the rectifier is given to a charge control circuit of the 

battery. 
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Fig. 1: Block diagram of hybrid wind-battery system 

A DC-DC buck converter is used as a charge controller. And this controller is resolves the charging and discharging order of 

battery. This will connected to the can either work as a source and load based on charging or discharging. The MPPT will check 

the status of the battery and pitch control helps to maintain the mechanical specifications. 

III. CONTROL STRATEGY FOR STAND-ALONE HYBRID WIND-BATTERY SYSTEM 

The wind speed is abnormal in nature. That’s why a WECS is combined with the load through a AC-DC-DC converter to avoid 

voltage flicker and harmonics. The control scheme for a hybrid wind-battery system combines a charge controller circuit for 

battery and pitch control mechanism will provide the WT operation with in limited value. There are two types of strategies. 

 Charge controller for the battery circuit 

Here a 400 Ah C/10 battery is connected to a DC-DC buck converter in MATLAB/SIMULINK environment. The battery system 

considered in this scheme can be charged at 20, 40, or 80 A. but here we are going to use C/10  (40A) rating battery is taken. 

The current required for charging the battery is depends on the state of charge (SOC). Normally the battery has charged in 

constant current (CC) mode. Here fuzzy with pi controller is used for generating the pulses for buck converter. The charging 

capacity of the battery is depends on the SOC. the C/10 model battery reaches a charging level of 90%-98%. The constant 

current (CC) mode battery charger will charges the battery as fast as possible, after it will charge in constant voltage (CV) mode 

for maintaining the battery output voltage. 

 Control Strategy 

The control strategy for wind energy conversion system is as shown in Fig. 2. The control logic mainly explains about the TSR 

and the SOC. 

 
Fig. 2: Control strategy for WECS 
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Here MPPT controller provides the SOC limit, to implement that MPPT controller the actual TSR is compared with the 

desired value the error will be tuned by using the PI controller and the FUZZY output will be added to this, so the effective 

output will be developed here. The error will be tuned by this controller to generate the battery current demand up to below the 

CC mode limit. After crossing this, the SOC logic will come in picture then reduces the battery current demand that protects the 

battery from over charging. 

The outer control loop operates the turbine following MPPT with battery SOC limit. The buck converter inductor current 

command is generated in the intermediate loop. To controller design is important to model the output of the battery current 

(Ibattery) with respect to the inductor current (Iinductor) 

The buck converter circuit representation is shown in Fig. 3. This has the inductor and battery connection with respected 

currents and resistances. 

 
Fig. 3: circuit representation of buck converter 

The transfer function representation from Fig. 3 
𝐼𝑏𝑎𝑡𝑡𝑒𝑟𝑦(𝑠)

𝐼𝑖𝑛𝑑𝑢𝑐𝑡𝑜𝑟(𝑠)
=

𝑅𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑜𝑟∗𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑜𝑟∗𝑠+1

𝐼𝑛𝑑𝑢𝑐𝑡𝑜𝑟∗𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑜𝑟∗𝑠2+(𝑅𝑖𝑛𝑑𝑢𝑐𝑡𝑜𝑟+𝑅𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑜𝑟+𝑅𝑏𝑎𝑡𝑡𝑒𝑟𝑦)∗𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑜𝑟∗𝑠+1
   (1) 

Here the effective series resistance of capacitor and inductor are considered to be 1mΩ each. The battery internal resistance is 

10mΩ. For controlling the peak-peak ripple of battery current and output of converter voltage is less than 2% of nominal value, 

the values of inductor and capacitor are calculated and the values are 10mH and 5mF respectively. 

The output of the comparator is given to a parallel connection of PI controller with FUZZY and a lead compensator, this will 

provides the signal, that signal is given to a S-R flip flop for generating the pulses for the DC-DC converter. The frequency of 

the pulse generator is 2 kHz. Here the gate pulses and the clock pulse frequency are equal. This type of generating the gate pulses 

are known as current programmed control technique. This method won’t allow the higher value of inductor current more than 

limit, and protects the converter switch and inductor from over currents.  

IV. MODES OF BATTERY CHARGING AND MECHANISM 

 Constant Current (CC) mode of battery charging 

In this Constant Current mode the battery charging current is obtained from the MPPT logic. The MPPT observes the signal that 

came from different combinations of power consideration. Here the MPPT is derived by comparing the actual and desired value 

of the TSR, this output is tuned by PI combined FUZZY to generate the battery charging current according to the wind speed. 

 Constant Voltage (CV) mode of battery charging 

 
Fig. 4: control circuit for pulse generation 
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In the CC mode the battery voltage and SOC are rise with time. When the SOC is more than the limited value then, when it 

exceeds the switch will move from CC mode to CV mode. In this mode the battery charging voltage is determined by the buck 

converter output voltage. The value of output at converter when SOC reaches 98% is as the reference and that will compare with 

the actual value. The error of this voltage signal has given to PI connected FUZZY controller, this will tune the signal and 

generate the inductor current reference signal, this compares with the actual inductor current by logical operator to generate the 

gate pulses. The control circuit is represented in Fig 4. 

 Pitch Control Mechanism 

The pitch is nothing but the angle which made by blades of WT, the required value of power coefficient reduces with increase in 

pitch control. The pitch control mechanism controls the power output by reducing the power coefficient at higher wind speeds. 

Below the required wind speed the blade pitch is maintain at zero degree for maximum output of power.  

 Pitch Control Scheme 

The pitch control scheme is shown in Fig. 5. As seen that the p. u. value of input is compared with 1 to calculate the error. These 

errors are tuned by the FUZZY with PI. The inputs are power from the WECS, wind speed and the rectifier output voltage, after 

tuning of these values those signals are given to MAX block from there the maximum value of output is generated. Here the 

output of each controller (PI+FUZZY) is given to limiter to generate the pitch value. The desired pitch value is compared with 

the actual pitch value, the lower limit of pitch command is set to zero. There the error generated when the value is changed above 

or below the particular limit, this will multiplied by the error occurred at each comparator. 

 
Fig. 5: MPPT logic circuit for pitch control scheme 

V. FUZZY LOGIC CONTROLLER 

The conventional PI controllers are fixed gain feedback controllers. So they can not compensate the parameter variations and 

they cannot adopt the changes in the environment. PI control system is having less responsive, so the system will get slow for 

reach the set point. On other hand fuzzy logic controller (FLC) provides the narrow value of output with fast reacting capability. 

Here two inputs are considered for forming the FLC those are error and he change in error and the FLC is depends on the 

shape of the membership function of the rule base. In this paper the FLC is generated for grasping the maximum value of pitch. 

The Rule for this system is represented in Fig. 6. The rule-base is triangular membership function and mamadani based rules. 
Table – 1 

Rule base for FLC 
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VI. SIMULATION RESULTS 

The WECS have to be effective to get uninterrupted power flow to load. The effective output was not continuous with this 

WECS so the hybrid system has designed for mitigate the problem. The pitch control and the charge control logics are assigned 

to make the system to be continuous. The charge control logic provides the battery charging and discharging properties and the 

pitch angle controller provides the WT action during high wind speed conditions or in case of power mismatch. 

Here the wind profile, pitch, shaft speed, TSR and the turbine power are demonstrated at nominal change in several variations 

in wind profile. Those are 

1) Gradual rise and fall in the wind speed. 

2) Step variation in the wind speed. 

3) Random variation in the wind speed. 

The following output waveforms shows the performance of characteristics of wind turbine and battery parameters for gradual 

rise and fall, step variation and random change in wind speeds in Fig. 6, Fig. 7, Fig. 8 respectively. 

   
                                                 (a)                                      (b) 

Fig. 6: (a) wind turbine, (b) battery charectristics of gradual variation in wind speed condition 

Here in the case of gradual variation in wind speed the value is rised from 0 to 12 m/s speed till 15s, and will normally reduced 

to  0  in 30 s.the charectristics shown in figure. 

In the Fig 7, Fig . 8 the outputs are considerd with the wond speed with in the limit (15 m/s). this can be obtained by the pitch 

control logic, charge control logic, and from the contribution of the WT operation and the SOC charectristics. the wind power is 

not always sufficient to meet the load demand and charges the battery in CC mode. In such situations the system first meet the 

load demand. When the wind power is not sufficient as per load demand then the battery will dischare as per the demand, the 

SOC of the battery is decreses when decrease in discharging and increases with charging. The pitch angle of WT is maintained at 

zero deg at wind speed below 10 m/s. but the pitch controller is activated as the wind speed is activated as the wind speed 

exceeds the rated limit. The increase in the pitch angle limits the power outputwithin the safe limits of WT operation.  
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(a)                                                                                  (b) 

Fig. 7: (a) wind turbine, (b) battery charectristics of step variation in wind speed condition 

  
(a)                        (b) 

Fig. 8: (a) wind turbine, (b) battery charectristics of random variation in wind speed condition 

VII. CONCLUSION 

The power output from WECS is discontinuous in nature, so the WECS will not have the capability to manage the output so the 

battery system is requred for meeting the load demand on the stand-alone WECS. Therefore, in this paper a new topology was 

designed for meeting the requirement of demand. This will provide the extra feature to maintain the output from WECS, here in 

this paper the fuzzy attached pi controller used for meeting the demand. This controller provide smooth variation in output while 

in complex operation of WECS. This was designed by the sevaral control techniques like MPPT controller, pitch controller and 

charge controller. 

The MPPT provides the signal which provides for generating maximum power, pitch controller gives the signal to WT to 

maintain the output statistically, the charge controller is provides the pulses to DC-DC converter for maintaining the output 
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voltage to protects from the over voltage situation. The hybrid wind-battery ssystem along with the control logis are designed in 

the MATLAB/SIMULINK environment. By involving the effect of FLC the output has changed according to the circuit 

operation and provides the quality signals for minute variations of the considerations. 
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