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Abstract— In the past ten years many Stochastic Model for 

pitch control have been developed for wind energy 

conversion systems subject to stochastic disturbances and 

model uncertainties. Present energy need heavily depend on 

the conventional source. But the limited accessibility and 

steady increase within the value of standard supply’s has 

shift the main focus to Renewable source of energy of the 

offered different sources of energy, wind energy is measured 

to be one in all the confirmed technologies with a 

competitive value for electricity generation, wind energy 

conversion system (WECS) is today deploy for meeting 

both grid-connected and complete load demands. We know 

that wind flow naturally is intermittent. So as to ensure 

continuous provider of power appropriate storage 

technology is used as backup. Rigorous testing is to be 

carried out in laboratory to develop efficient control strategy 

for wind energy conversion system (WECS). This paper 

considers power generation control in variable-speed 

variable-pitch horizontal-axis wind turbines operating at 

high wind speeds. 
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I. INTRODUCTION 

Energy is the measured to be the essential input for 

development. At the present due to the depletion of 

obtainable standard resources and anxiety relating to 

environmental deprivation, the renewable sources are being 

used to fulfill the ever rising energy needed. Because of a 

comparatively low value of electricity production wind 

energy is considered to be one in all the potential sources of 

fresh energy for the longer term. However the character of 

wind flow is random. Thus rigorous testing is to be accepted 

get into laboratory to extend economical management 

strategy for wind energy conversion system (WECS). The 

study of WECS and also the connected controllers are, thus, 

changing into additional and a lot of important with every 

passing day. 

 Nowadays, many standalone hundreds are powered 

by renewable supply of energy. With this revived interest in 

wind technology for separate applications, an excellent deal 

of study is being administered for selecting an appropriate 

generator for complete WECS. The main advantage of 

asynchronous machine is that the variable speed operation 

permits extracting most power from WECS and reducing the 

force fluctuations. Induction generator with a lower cost, 

inherent strength, and operational ease is measured because 

the most sensible choice as wind turbine generator (WTG) 

for off grid applications. However, the initiation generator 

need electrical device bank for excitation at isolated 

locations. The excitation development of self-excited 

induction generator (SEIG) is explained. The ability output 

of the SEIG depends on the wind flow that naturally is 

unreliable. Each amplitude and frequency of the SEIG 

voltage vary with wind speed. Such at random variable 

power once interfaced directly with the load will produce to 

flicker and instability at the load finish. So, the WECS are 

enclosed with the load by power electronic converters so as 

to confirm a regulated load voltage. Once more because of 

the alternating reasonably the wind generation, a WECS 

must have energy storage system. 

II. CONTROL SCHEMES 

We know that the wind go with the flow is erratic in nature. 

A WECS is incorporated with the load by means of suggests 

that of ac-dc-dc tool to live faraway from voltage flicker and 

vocal generation. The control subject matter for an entire 

hybrid wind- battery machine includes the rate Controller 

circuit for collection banks and pitch management good 

judgment to verify WToperations inside the rated price. The 

5control logic guarantees effective management of the 

WECS towards all capacity disturbances. Here we have 

following 2 kinds of manipulate strategies. 

 Pitch manage Scheme 

 MPPT approach 

 
Fig. : Layout of hybrid wind–battery system for a stand-

alone dc load 

A. Pitch Control 

In general the cut-off wind speed of a recent WT is way 

higher compared to the rated wind speed. If the WT is 

allowed to activate over the complete vary of wind speed 

while not performance of any management mechanism, the 

angular speed of the shaft exceed its rate price which can 

cause break of the blades. So, it's considerably essential to 

manage the speed and power at wind speeds higher than 

rated wind speed. This can be achieved by dynamic the pitch 

angle of the blade such a technique is mentioned because the 

pitch management of WT. So, the pitch control mechanism 

controls the power output by dropping the power coefficient 

at high wind speeds. The pitch controller changes the pitch 

command due to variation in rotary engine rotation speed, 

power, and output voltage of rectifier that ensures safe 

operation of the WECS. The p.u value of each input is 

compared with 1 to calculate the error. The errors are tuned 

by PI controller. The MAX block chooses the maximum 

output from each PI controller which is then passed on to a 
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limiter to generate the pitch command for the WT. The 

actual pitch command is compared with the limited value. 

The lower limit of the pitch command is set to zero. There 

arises an error when the actual pitch command goes above 

or below the specified limit. This is multiplied with the error 

obtained from each of the comparator. The product is 

compared with zero to determine the switching logic for 

integrator. This technique is carried out to avoid integrator 

saturation. 

 
Fig. 1: Pitch control scheme 

B. MPPT Technique 

Maximum Power Point song, generally referred to as MPPT, 

is associate electronic system that operates the electrical 

phenomenon (PV) module in a very manner that lets in the 

modules to get all the capacity they may be able to. MPPT 

isn't a mechanical following method that ―bodily actions‖ 

the module to assemble them reason extra directly at the 

sun. MPPT is absolutely digital systems that trade the 

electrical working cause of the modules so the modules are 

able to deliver most handy strength. Additional power 

harvested from the modules is then created provided as 

extended battery price current. MPPT can be used at the 

same time with a automated following device, however the 

2 structures are completely exceptional. To acknowledge but 

MPPT works, let‘s preliminary determine the operation of a 

preferred (non empty) charge controller. As soon as a trendy 

controller is charge a discharged battery, it essentially 

connects the modules directly to the battery. This forces the 

modules to manipulate at battery voltage, sometimes no 

longer the ideal running voltage at that the modules are 

capable of manufacture their maximum provided electricity 

output. MPPT or maximum electric powered receptacle 

following is algorithmic rule that enclosed accountable 

controllers used for extracting most presented strength from 

wind module beneath sure situations. The voltage at that 

wind module will generate most power is named ‗most 

electricity factor‘(or peak electricity voltage). Most energy 

varies with wind module produces electricity with most 

energy voltage. A MPPT or maximum electric powered 

receptacle hunter is partner electronic DC to DC device that 

optimizes the equivalent among the famous person vary (PV 

panels), and also the battery bank or software grid. To area it 

merely, they adjust a higher voltage DC output starting 

celebrity panels (and some wind generators) proper down to 

the lower voltage required to fee batteries. 

1) Control Strategy: 

The implementation of the fee control good judgment as 

shown in Fig. Is finished by three nested manage loops. The 

outer most manage loop operates the turbine following 

MPPT good judgment with battery SoC restriction. To put 

into effect the MPPT logic, the actual tip speed ratio (TSR) 

of turbine is in comparison with the most fulfilling value. 

The errors is tuned via a PI controller to generate the battery 

modern-day call for so long as the battery SoC is beneath 

the CC mode limit. Beyond this factor, the SoC manage 

common sense tries to maintain constant battery charging 

voltage. This in flip reduces the battery current demand and 

as a result prevents the battery bank from overcharging. The 

greenback converter inductor current command is generated 

inside the intermediate manipulate loop. To design the 

controller, it is important to model the reaction of the battery 

current (Ib) with recognize to the inductor cutting-edge (IL). 

This article has been popular for inclusion in a destiny 

problem of this journal. Content is very last as presented, 

apart from pagination. 

 
 For controlling the battery current the actual 

converter output current (Id) is compared with the reference 

(Ib+ Ia) and the error is processed by a cascade of a PI and a 

lead compensator. The PI controller is modeled as an 

inverted zero. To maintain the phase margin of the open-

loop system the frequency of this zero is 50 times lower than 

the crossover frequency. To improve the phase margin of 

the battery charging current control loop (i.e., (1) along with 

the PI controller) a lead compensator is connected in 

cascade with the PI controller as shown in Fig. 2. The zero 

and pole of the lead compensator are designed to have a 

positive phase margin and to restrict the crossover frequency 

to about 14% of the switching frequency. 

 The bode plot of the PI controller along with the 

lead compensator and the loop gain of the battery current 

control loop are shown in Fig. 4(a) and (b). As shown in Fig. 

4, the phase margin is 34.2◦at 130 Hz. The output of the lead 

compensator determines inductor current reference for the 

dc–dc converter. 

 In order to prevent over loading the turbine (and its 

consequent stalling) the lead compensator output is first 

passed through an adjustable current limiter. The lower limit 

is set to zero and the upper limit is varied according to the 

maximum power available at a given wind speed. The 

output of this limiter is used as the reference for the current 

controller in the dc–dc converter. Finally, in the inner most 

loop the actual inductor current is made to track the 
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reference using peak current mode control The compensated 

output of the intermediate loop is compared with the 

instantaneous inductor current of the buck converter. The 

output of the comparator is applied to an SR flip-flop to 

produce the gate pulses for the dc–dc buck converter. The 

frequency of the clock pulses is 2 kHz. The frequency of the 

gate pulse is equal to the clock pulse frequency. This 

method of generating gate pulses for the converter is known 

as the current programmed control technique. The advantage 

of this methods that it does not allow the inductor current to 

go beyond the rated limit. This in turn protects the buck 

converter switch and inductor from over current situation. 

C. Modes of Battery Charging 

1) CC Mode of Battery Charging: 

In CC mode, the battery charging contemporary demand is 

decided from the MPPT logic. MPPT is applied by means of 

comparing the actual and gold standard TSR (λopt). The 

blunders is tuned by using a PI controller to generate the 

battery charging modern-day as in keeping with the wind 

pace. In this mode, the converter output voltage rises with 

time at the same time as the MPPT good judgment tries to 

switch as an awful lot electricity as viable to rate the 

batteries. The real battery charging current that may be done 

does not continue to be steady but varies with to be had 

wind pace problem to a most of C/10 score of the battery 

2) CV Mode of Battery Charging: 

In the CC mode, the battery voltage and SoC upward thrust 

rapid with time. However, the fee controller ought to now 

not overcharge the batteries to avoid gasification of 

electrolyte [14]. As a result, as soon as the battery SoC will 

become same to the reference SoC the controller must 

switch over from CC mode to CV mode. In CV mode, the 

battery charging voltage is determined from the dollar 

converter output voltage (Vo). The value of the converter 

voltage whilst the battery SoC reaches 98% is about because 

the reference fee and is in comparison with the actual 

converter output voltage. The blunders inside the voltage is 

then controlled with the aid of a cascaded association of PI 

controller and lead compensator to generate the inductor 

contemporary reference. It is then compared with the actual 

inductor present day with the aid of a logical comparator to 

generate gate pulses in a comparable manner as defined in 

Section A. In this mode, the converter output voltage is 

maintained at a regular cost by the controller motion. So, in 

CV mode the battery voltage and SoC upward thrust very 

slowly with time compared to CC mode. The battery 

charging modern slowly decreases with time, because the 

ability distinction among the greenback converter output and 

battery terminal gradually reduces. MPPT & PWM Charge 

Controller. 

III. CONCLUSION 

In this paper we had seen different parameters of wind 

Conversion systems. Besides performing the function of a 

basic controller, an MPPT controller also includes a DC to 

DC voltage converter, converting the voltage of the array to 

that required by the batteries, with very little loss of power. 

the MPPT implementation is highly parameter dependent 

and will be affected by variation of these parameters with 

operating conditions. 

 The power control is mainly based on wind pitch 

angle and battery discharging mode. The MPPT control also 

proposed using PI control. To implement the MPPT logic, 

the actual tip speed ratio (TSR) of turbine is compared with 

the optimum value. The error is tuned by a PI controller to 

generate the battery current demand as long as the battery 

SoC is below the Current Control mode limit. 

 Advantages of fuzzy control are that it is parameter 

insensitive, provides fast convergence, and accepts noisy 

and inaccurate signals. The fuzzy algorithms are universal 

and can be applied retroactively in any system. System 

performance, both in steady state and dynamic conditions, 

was found to be excellent. 
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