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Abstract 

generation systems generate variable voltages at variable frequency because of variable 

md speeds. Wind turbines exhibit non linear power characteristics at load variations and 

ha\'e po\\'er peak at certain speed of the wind turbine. Because of variable nature of output 

pO\\'er at variable wind flo\\' speeds, it is not practical to use the power output directly to any 

load . Rather. the \'ariable a po\\'er from the wind generator is stored in a storage battery 

using an interface om'erter The battery then supplies power to the desired load or utility 

-e-,- ~ onstructing an interface converter that would always extract 

generato r within the battery capacity limit. 

:!. cry \nth a nominal \,oltage of 12V will be charged according to IEC 60896 . 

. -: Ie ua ' tng the maximum po\\'er from the wind generator, if the main battery becomes 

unable to store the whole power, the rest power will be diverted to a secondary storage 

battery. In case of low wind speed, the secondary storage power may be pumped to the main 

battery if situation permits . Firstly we proposed a scheme which will provide all necessary 

protections to safeguard different components in the whole system under abnormal 

conditions. New topology of buck boost operation with a common ground and novel ideas of 

ri\1ng floating power MOSFETs, will be incorporated in the converter design. This report 

..:- ludes the test results of charging a 12V, 70Ah Lead Acid Battery at "arious charging states 

\\. our proposed circuitry. 

~ ="'-ent individual parts like frequency measurement, LCD interfacing, serial 

_ -- ..:rucation were integrated, modified and tested into a single scheme-results of which 

:::.:t - - _ ... ed in this report. Different input and output power were observed while varying the 

. " ~ ;: e from the Microcontroller. It also includes the data for testing of power maximizing 

erent wind speeds. Wind speeds have been simulated using a three phase 

erator set coupled with a compound dc motor used as a prime mover along 

vvith dl ffe,e:": maxunum power point tracking results. All the advancements of the circuits 

and algorithms nude so far and different newly implemented parts like protection scheme are 

included in th iS repo . 
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1. Introduction 

of ayailable energy and the increasing demand of fossil fuel for generation of 

an applications in other industrial activities and households have made the 

~ ~,,:".::;_ . sources inevitable worldwide. Unlike the other fossil energy 

rO\'ldes almost zero pollution and low variable costs but at the 

- . _ -- - ::: me practical problems. Wind energy, like other renewable energy 

_ _ -:-onant source but cannot be directly fed to most loads or utility because 

e necessity of an efficient power electronic converter for stable power flow comes 

onsideration. In this project focuses on the aspects of wind energy in household 

::.:- [j mions, and the team is dedicated for the development of an efficient energy maximizer. 

- - er to produce electricity and feeding the power useful load or to a utility, it is necessary 

::-:'=":H:lZe the output voltage. Normally, the output power obtained from a wind turbine is 

"-ge a stationary battery through a power electronic converter. 

~:'::er converter (inverter) converts the dc power into ac and then boosts it to the 

- e" el fo r feeding to a power system. For this, a significant number of theoretical and 

--. ....... .....,J -- lenges are to be met and innovation in some areas is required. 
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2. Block Diagram 

10 k diagram of wind generation power maximizer is shown in Fig. l. The 
ttlizes an integrated buck-boost topology using a common ground that is best 

application. A 3-phase Full bridge rectifier converts the wind generator ac 
that is fed to the charging circuitry through a normally closed relay contact. 

1- made for charging a secondary storage that is another stationary type lead acid 
- - ~ :- " ,e same \,oltage as the main one. 

G .E-ratur 

~r3m for the scheme of the wind energy maximizer converter 
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- ~ --: 

.. P.. r Electronic Circuit for the Energy Maximizer 

l 

I 

IRF150 2.48mH MBR6545 1N4007 

1N4148 +12V 
< MBR6545 

1 1 < 018 100 ~ . 1kO 
014 12V 

- ~ 
~ '-= 100 

I 1 

--
T 

12V --------. 
1mF • 

1kO M2 ---

-=- - Battery 
N3906 IRF540 

Q6 

'---------.BOOST 

r-----~PWM 

i---------" I L __ ----. 100% PWM 

[To njc Interface for the Low Cost Energy Maximizer 

, ;- :::enerator set. To comply with the rotating machines 

. a..:ie er onnecting with the motor generator set the gate 

ge uty cycles. For complimentary set of transistors 

yoltage \\ as 12 the charge went through Q2. The capacitor 

- __ -:. -.... - process. But when the voltage is OV the capacitor is charged. At 

- _ :~.1.C 1 or got less time to discharge and more time for charging. As a 

a ito r fal l and the gate to source voltage also fall. So C2 was 

acitor and the base resistance of Ql1 was decreased. 

PWM duty cycle of 90% was solved by adding 'Refresh with 

- _ -='::'~h pin enables a constant gate to source volt of 12Y. The boost 

--:eTI the available power is less than the maximum charging current 
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4. Simulation results 

. Cou\errer 
;:: yerslOrL an input of 20V has been used . PWM duty cycle was 60% and 

~ In he fo llo\\ing figure, the input voltage, the source voltage of the buck 

le load battery yoltage has been shown. 

·1·· ·1··· .1 1 

... . i 

! I ' ! . ': i 
!=s 2ms 3m3 4ms 5ms 6ms 7ms 8ms 9ms 10ms 

1~: ., V(09 ; 2) " V(R9 : 2) .t V(Ll : 2) 

Time 

e (R6: 1) is the input voltage for buck MOS; Voltage (D9:2) is the output voltage for buck 
:1) is the input voltage for boost MOS; Voltage (Ll:2) is the input voltage for boost 

o t Converter 

~ .:"";:: m·ersion, an input of 20V has been used. PWM duty cycle was 60% and refresh was 

mg fi gure, the input voltage, the source voltage of the buck MOSFET, the drain 

- -. 10SFET and the load battery voltage has been shown. 
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l' 
1 

, 
...... 1... , 

2ms 3ms 4ms Sms ""'rr,s Bms 9ms lOms 
"V(Ml : g) V(D9 : 2) 

Time 

- oltage (Ml:g) is the input voltage for buck MOS; Voltage (09:2) is the output voltage for buck 
oltage (R9:2) is the input voltage for boost MOS; Voltage (Ll :2) is the input voltage for boost 

,o ltage and load current in Constant Voltage Mode With input 2SV ac 
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===~ ____ '''-___________ Q_ ..... ~.I ___ .c.--if-~~!'''"'''lo_ 

t 

. j 

'-~.----------------.---------~.~~'-'---------.~------

Ti liP 

Figure 6: Load voltage and load current in Constant current Mode with input 25Vac 

..... Experimentation 

4.3.1 Buck Converter 

regulator is built with an IR.F150 MOSFET. Variable duty PWM is generated from 

=.-::: microcontroller with a switching frequency of 10kHz. Operational performance for input 

>:-O V and load current of3A has been tested in a breadboard. 

~.3.2 Boost Converter 

- - of the boost converter is a MOSFET, 1R.F540 and an inductor of 200uH. The value of 

_ - ___ - - :: hosen carefully so that the output voltage can be boosted according to its requirement. 

- _~: r us d is a ferrite core inductor which has been made manually by the team for getting the 

_ -..: - an e alue. The boost operation is tested for input voltages 6-12V. 
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o f frequen > mea ur m nt IS tested involving timer2 (8-bit timer) and an 

TO) o f TMega32. Th fo llo\ ing algorithm is used for frequency measurement: 

- itive edge, store the urrent va lue of the timer2 as value 1, diff=O 

~ \ rflow increase the value of diffby 256 

_ -.: ositive edge, store the current va lue of the timer2 as value2 

_ '- fference between value2 and va lue 1 with diff 

CPU clock by diff and get the freq uency. 

5. Power maximization 

5.1 Maximization Conditions 

5.1.1 Battery Characteristics 

:1 current charging stage, the power should be maximized according to the available 

- \ er but should not exceed the maximum power requirement of the battery. In 

\ o ltage charging stage power drawn by the battery is decreasing with time and 

- \er does not need to be maximized. 

5.1.2 Power Frequency Curve 

>- .. 
:z: 
LL 
a:: 
Ct:: 
=> 
'-> 

in c r e asing c urrent 
in s t e p s 

l l MF 

- : C ha rgi na when the maximum available power is less than the maximum charging power 

(maximizing output) 
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/ 

p O\Ner 

: ing maxi mum power less than the power for the 

~e ~urren t is increas ing gradually from no load to the 

pm l~ '''' 
P~2\ 

Sf-'LLD 

d urve. Here it is assumed that the wind speed is 

z • 
:r 
::> 
u 

foeaSing c urr'ent 
In s tep s 

T Ir'"IE 

harging when the maximum available powel' is more than the maximum charging powel' 

(maximizing output) 

it represents the case of maximum available power more than the maximum battery 

weI'. Also here the starting point is at no load, The current is increased normally 

ious , But when it is required to cross the maximum charging current, the converter 

_ -_ -ing current and stalls to maximum charging current and power is not maximized. 

6. Maximizing algorithm 

perating Algorithm 

!1 aux iliary battery charging scheme was proposed, which is excluded in the final 

- _.: it is also excluded from the final algorithm, For dumping the extra power some 

_ h . a are included in the later part of the report. 

ino l o~' 

Wind generator frequency 

Wi nd generator present frequency 

Wind generator previous frequency 
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:- -= . .... = urrent of main battery 

In r: -e~inal vo ltage 

), Iain ban r: \ 01 g upper limit 

Power supp li IO main battery 

Present va lue of mai n battery power 

Previous va lue of ma in battery power 

Maximum avai lable power from the wind generator 

PWM duty cyc le 

. Ing algorithm was used to search fo r the maximum power point. 

n[b 01 

e the Relay in off state (main contact closed, NC). 

- -- al ize duties of KPWM I . 

_ ui re the three-phase rectifier output voltage, Vs . 

. ':: < SV or Vs > SOY, go to step 39 else go to step S. 

- lay "System Normal" in the LCD modul e. 

; . > 14V, go to 7 else go to 8. 

_~te in BUCK Mode (Ml in PWM mode, M2 off) . 

in BOOST Mode (Ml in refresh mode and M2 PWM mode). 

- j at the converter if it was not activated before(first time), else continue 

ration (send PWM signal to respective MOSFETs) and charge the battery. 

'.:qui re . ( SAT. VSAT and f. 
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_ 2: \\ irb :\Ia_ imum Power Tracking 

_. 1B..n. BAT an C 

- . or V < 50 go to I:. el e go to 39 

T; = 18ATUL or V8A.T (i»= V8ATUL ,decrease PWM, go to 13,e lse go 

__ : power, PBAT(i) = VBAT( i) * fBAT(i) and .6.P(i) ,(.6.P(i) = PBAT (i)- PBAr( i-I» 

- i) . (.6.f(i) = f(i) - f(i-I) 

p( i) is not zero find derivative of power change, .6. 2p= .6. P(i) - .6.P(i-1 ),go to 18, 

... go to 38 

. 1- P(i»O and .6.f (i»O go to 19, else go to 22 

P(i-I »0 and .6.f (i-l)<O go to 20, else go to 21 

- ~2p >0, make PWM step size k as k=k+p (p is a fixed step size) and p=p+ l,else 

- ke k=k-n (n is a fixed step size), (k>=2) 

.- ~~P <O,make step size k as k=k-p and p=p+ I ,else make k=k-n, (k>=2) 

- .- ~P(i)<O and .6.f(i)<O go to 23 else go to 24 

.- ~-P >0, make step size k as k=k-p and p=p+ l,e lse make k=k-n 

- P( i»O and .6.f(i)<O go to 25 else go to 26 

1'- ~- P >0, make step size k as k=k+p and p=p+l ,else make k=k+n 

.: . [ - P(i)<O and .6.f(i»O go to 27 else go to 28 

1'- : P >0. make step size k as k=k+p and p=p+ 1 ,else make k=k+n 

_ ... P i)<O and fO)<O go to 29 else go to 33 
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go to 33 

= . =0 10 31 

i)<O and ~f(i»O go ~o to 37 

and 6 f(i-1 »0 go to '" - lse go to 37 

\) at PBAT(i-l) and Store present f(i ) va lue at f( i-I ) , go to 38 

6 

-tep 4 

rion in abnormal condition 

r lay to disconnect the converter from the 3-phase rectifier. 

.. ystem Abnormal" in the LCD module. 

"-1 ep Mode" . 

. B Simulation 

'---~~__ ur algorithm (modified dual slope maximizing strategy) we firstly simulated 

(v 

md turbine 's power versus speed characteristics curve at different wind 

\\ ing equations [ll . 

........ .. . ............. ... ... (1) 

1 i') 
• I •• . •••••• •••• • •••.. •• (2) 
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....... ( '"' 

- j.::al input PO\\ r 

-air. ( 1.205 kg m3 umed for simu lation) 

0> t by blades, ( 1.7 m2 as umed fo r simulati on) 

- ed 

- ine power coefficient 

- peed ratio 

= =:: rator speed 

- m va lue of C p =0.4176, when r = 11.5 and gear ratio is assumed to be 95 . 

imulation Algorithm 

nt wind speed as input 

- ..... i- given, set Pm2 (power that is set) =0, go to 3,else stand by 

-0> ) \en wind speed start from any arbitrary generator speed n I 
re port fo r I FEC2009 project "Low Cost Wind Turbine Energy Maximizer" by 

- ~ E n ; . Bangladesh 

\1, r Pm 1. at n 1 using equation (I) , (2) and (3) 

19 



peed di fference , .0.0Ci) = 0 2-03 

- - ~ i - ~P(i - I) 

L 

go to 11 

i a fixed step ize) and p=p+ I ,else make k=k-n 

tep s ize k as k=k-p and p=p I.e lse make k=k-n, Ck>=2) 

-~ ~OC i)<O go to 13 els go to 14 

- . step size k as k=k-p and p=p+ I.e lse make k=k-n 

_nd ~OCi)<O go to 15 else go to 16 

. make step size k as k=k+p and p=p+ 1 ,else make k=k+n 

I <0 and .0.0(i»0 go to 17 else go to 18 

. make step size k as k=k+p and p=p+ I ,else make k=k+n 

and .0.0Ci)<0 go to 19 else go to 23 

o and .0.0(i-1 )<0 go to 20 else go to 23 

_POWER = Pm2 go to 21 

_ . I at Pm2 go to 22 

-_ ~- ent 02 value at 03 

<0 and .0.0(i»0 go to 24 else go to 27 

- I >0 and .0.0Ci-1 »0 go to 25 else go to 27 

_ L-0C_POWER= Pm2 go to 26 

_ Pm I at Pm2 and Store present 02 value at 03 , go to 28 
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1 000 1500 2000 2500 3000 3500 4000 4500 
Generator Speed, rpm 

Wncl Speecl 

9 

Start ] I 

_ r 9: The Power vs f."equency curve implemented in GUIDE of MATLAB. 

_ - -ro hairs represent the jumps from lower to immediate higher power. The 

- -h maximu m power are small to trace the maximum power accurately. 
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i . ry Charging 

-i-hm fo r charging th 

~q uire battery termin ~ -tate of charge 

I f tate of charge < 0° ° ~ r._-::e ~.::in :: onstant current 

If state of charge >70°'0 o ~harge using constant vo ltage 

I f state of charge >90°0 bu e tri kle charging 

Go to a 

:his report it was said that the oltage \ state of charge would be stored in EEPROM, 

.Jgramming of the EEPROM has been implemented in the microcontrolleL Charging using 

- - strategy is being worked on, However voltage vs SOC curve is not the same at all 

~mperatures, The current charging strategy incorporates the using of an Asynchronous timer 

-- r charging the battery. The timer generates an interrupt on every 4 minute. Than the PWM 

off and the battery is open circuited. The voltage of the battery is measured after a delay, 

- slope of the voltage is also calculated to verify if the battery should be charged in 

tant voltage mode. 

8. Implemented Results 

- data below was taken connecting a potentiometer in the output and varying the output 

-_~ -tance. Input DC voltage was fed to the DC motor coupled with a synchronous generatoL 

--e phase output was taken from the synchronous generator and fed to a three phase 

__ -"\ r. Its output DC voltage was fed to the proposed converter. Varying the load resistance 

e- nt output power was extracted. Plotting the output power vs frequency in MATLAB a 

io:1um power point is found .This power vs frequency curve is symmetrical though not 

-,3- Iy alike the wind turbine curve. Using the proposed converter the dual slope 

- .zing algorithm tracked the maximum power point of this curve. 
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;: -

Data 

ora l data of the converter 

Output power (W) Freq (Hz) 

9.4 28 

9.63 27 

- 10.57 26 

- ~- 13.9 24 .5 

13.5 22.5 

0.58 15.37 21 

0.68 13 .. 53 18 

0.78 13.49 

0.79 11.53 

0.87 9.48 

PO\Ner \IS Frequency Plot 

20 22 
frequency 

17 

16 

15 

------ Actual Data 
5th degree 

24 26 

TL.\ B plot of po" er \ . frequenc), from the data tabled abo\'e 
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- ~ -~ n hronous generator coupled with DC motor 

: arately exc ited and its armature has a seri es 

- - '" ~onditio n when the motor and resistance has the 

_ ~e to take maxim um power. 

able 2 : Speci lea ·on of the motor generator set 

Synchronous Generator 

AEG 

t11Y 400 / 230V 2.8/2 .17 A 

: - - pe G 237 DB 1.5kVA cos<t> .9/1 

1500 rpm 

Epress 180V 0 .8A 

9. Protection 

~-""·"'·''''''n system of the converter is so designed that if any of the control fails than 

- : kes over it. These protection schemes have been tested individually. There are 

- protection system for the converter 

- ro ller protection 

- _ pendent Analog Protection 

'\ d protection 

rote tion is the scheme in which the actuator is the microcontroller. The 

enses and decides what to do. Independent Analog protection only uses 

aWr \\ hich is independent of the microcontroller. There are also some 

u both a and b. The type a protection system is Over temperature 

e"'.:ha ging protection. Type b protections are opposite polarity, over-vo ltage 

. - :~ e e are short circuit, over-current, under voltage protection. These 

-e i-.:u ed be low 
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Figure 11: Measurements and Protection systems 

pposite Polarity 

.3 r lay which is excited when the battery terminals are connected in opposite 

n relay opens the opposite current conducting path. The operation of the relay is 

:::::~O::,~_~i- ~ of the m icrocontroller. 

n Circuit 

hort ircuited and the turbine has availab le power, large current flows to 

of vo ltage and high value of output current is detected by the 

_~. n i - r igg rs a relay which opens the output terminals so that the current can 

-~ __ ~em in open as long as the short circuit in the output terminal is there. 

25 



__ - - - ~::ion are al most the same. The frequency of the 

___ en ~ ~ cannot increase without failing the over 

.-.-~,.._ ... c .... _ --h mes fai l. the converter will make sound . 

• -e = n rator is 50Y this means rectifier output of 

- 1000 0 i - e imum val ue. a dump load is on. The extra power is 

. I ~e oJtage red uces. The dump load power di ss ipation 

~ge redu e to ~oo o f he maximum vol tage. The dump load is merely a 

r. T he control ofth dump load is analog. 

~ urrent 

. --:m1P is used which generates an interrupt to the microcontroller. The triggering 

al 0 stops the PWM input to the power converter. The microcontroller 

" -\1 to reduce the over current. 

er harging 

-=:_ - -omes constant for around 2 hours than the battery is supposed to e charged 

__ arg ing finishes , the PWM is made off. The battery voltage is periodically 

., if o ltage has been decreased. 

r-t mp rature 

- n or L\135 gives a proportional output to the temperature. The voltage 

(60"C) sensed by an op-amp. This op-amp creates an interrupt to the 

i -ro ontroller then temporari ly shuts down the entire converter unti I 

:: o rmal again. 



6x3 
- ",:h means rectifier output of -- V=5.73V. An 

TT 

n and makes an interrupts to the microcontroller. 

jobs. 

~ - - := " -."-:> :\tra power and Heat sink Design 

e~~- " Th motor uses the excess power of the converter to 

ump. Th au tomaticall y when the rectifi er output voltage 

- maxI mum r ~ I-Ie" 01 age. and stops when the voltage drops to 60% of 

~ . If addit iona l \\ r i- needed for the battery the motor can be kept off. 

_- ump 

- I1 p works when the motor is started by the 

- - ) stem can be used at rural areas . The water can 

_ __ .tHough different channels to the upper lands. In 

_ on top of houses, the pump can pull water to the 

The only disadvantage of this system is that it has 

_ - ~ at high winds. 

- ompressor pump 

Vs ._ , 
? 
~ 

44KO 

f---------. 

Figure 12: Motor Connection 

- ks air from atmosphere and aIr is collected at higher pressure through 

),stem can be used as power storage as the air can drive a turbine" 

t ink des ign 

_ ~e-.: --a~ alculations for a targeted junction temperature 800e where ambient 

~ ~ C (maxi mum). 

~ FET Il Rf 150) total power dissipation is calculated below 

tu re. RDs(ON) =0.055Q 
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At 80°C effective RD (Ol )=0.0 -:0 I. - = 0.0825Q 

Maximum current in our testing = 8A 

Total power dissipation = (8Ai x 0.0825Q = 5.28W 

For maximum ambient temperatur .., -ODC we have a span of 800 DC -350 DC = 450 DC 

Total thermal res istance required TR= -l-15.28 DC IW = 8.523 DC IW 

Using the datasheet the thermal ir uit wi ll become, 

0.97 0CjW 0.5 0CjW 7.053 0CjW 
35 °C 

JUnction--"N\!--case~sink---'\J\/\rAmbient 1 Rj-c Rc-s Rs-a 

P=5.28W 

Figure 13: Thermal resistances from junction to ambient 

So we have to design a ink having a therma l resistance of (8.523-0.97-0.5) = 7.053 DC IW. 

Here aluminum is used for its good thermal conduct ivity: 209.3 W /mK 

The thermal resistance of a heat si nk is determined by the total surface area, the number of 

fins , the actual alloy u ed. its thickness, the color (matte black is best), availability of 

unrestricted air fl ow and its temperature. For 7DC/W the surface needed for 0.3cm thick 

aluminum is 75cm2
. 

For design ing purpo e fi n length is taken 1.5cm and fin spacmg IS 0.75cm for natural 

convection. Fin spaci ng could be .5cm for Im/s airflow. 

To meet the area 75cm2 fin width will be 4cm for 6 fins. 

So the area will be A= 1.5 *4*(6*2) = 72cm2. Spacing area will compensate rest of the area. 

Roughly is estimated that boost MOSFET (IRF540) dissipates same amount of power. 
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As power vs frequency curve for th announced withstand wind speed 40m/s is not studied 

yet, power di ss ipation from dum p re i tan e is not calculated. 

O.3cm O.75cm 

~ H 

151 ~ n n n n ~ 
4cm 

1< 5.55cm 
)1 

Figure 14: Top and side dimensional view of heat sinks 

11. PCB layout 

T he prototype PCB has been des igned and built. Another PCB for controller operation and 

ser ia l communicati on with pc and communication w ith LCD has been implemented . 

Figure 15: Layout of the converter PCB 

29 



Figure 16: Layo ut of ISP with se ria l communication & LCD interfacing 

Layout of the converter PCB and Layout of ISP with serial communication & LCD interfacing were 
implemented properly . 

30 



! ' ''" 

12. Conclusion 

12.1 Conclusion 

Variable speed operation is rea lized In many ways, each differing in significant details. 

Direct drive systems have a natural apability for a very wide speed range, although even 

there some restriction on minI mum peed may reduce the cost of power electronics. The 

electrical energy is generated at variable freq uency - a frequency related to the rotational 

sped of the rotor - and then converted . by the converter or inverter (both power electronic 

devices) to the frequen cy of the grid . There are several possible configurations, based on 

both synchronous and induction generators. But for this experiment synchronous generator 

have been considered . 

Efficiency pred iction for a buck and boost converter at Pulse Width Modulation (PWM) 

mode is well analyzed. However, System efficiency is then calculated accordingly. Predicted 

efficiency within the whole operating range is then compared to test results. In this work, 

buck and boost converter achieved almost 90% efficiency. 

Also prototype designed was good to meet the cost specifications. Different subsystems were 

designed and tested to reduce the overall cost of the system. The current sensing, driving 

circuits and passive devices designed fo r lower cost. 

12.2 Suggestion For future work 
In this thesi s. design and practical implementation have been done successfully. A future 

development of 10 \\ cost w ind turbine is: 

Graphical User Interface 

olmplement Wirele ss Connectivity 

oS uitabl e for Windows. Linux, and Mac Users 

oSmart Phone A pplications 

Battery Charging A lgor ithm 

oMultiple battery chemistry compatibility (NiCd, NiMH, Li-ion, and lead-acid) . 
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Appendix 

Matlab code for power maximization: 

clear all 

omega= I:.15:45 ; %in rpm 

omega l=omega*2*pi/60:%in .. ad e matrix length 88 1 

A= 1.7; 

ro= I.2; 

Ym=[3 4 5 6 7 8 9 10 II] : 

for i= I:9 

Pm=(.25 . * ((2.232 * m(i). omega I )-5 .6))* (exp(-
0.17. *(2.232 *Ym(i) ./omega I )))*(A *ro*(Ym(i)"3)); 

figure(l) 

plot( omega *95,Pm,'r') 

hold on 

gr id on 

end 

Ym=[5 7911]: 

k=O; 

Pm2=0; 

omega3=omega I (_80-k-I) : 

omega2=omega I (280-k): 

n= l ; 

MAX IM POW ER=O: 

DelsqP=O: 

fo r m= 1 :700 

Ym(m)=inputCg ive present wind speed(3 TO II )'); 

ifY m(m)<=2 

break 
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end 

p=2; 

for i= 1:600 

Pm I =(.25. * ((2.232 * V m(m) ./omega I (280-k))-5 .6)). *( exp(-
0.17. *(2.232 * V m(m )./omega I (280-k))))* (A *ro*(V m(m)"' 3)); 

if (MAXIMUMPOWER-=O) 

if((i>=3)&&(Pml>MAXIM J PO\J ER)) 

n=n+ l ; 

else if (i>=3)&&(n>=2)&&(Pml <M XIMU MPOWER) 

n=n-I ; 

end 

end 

end 

omega2=omega 1 (280-k) ; 

figure(2) 

plot( omega(280-k)*95 ,Pml ,'g.') 

drawnow 

ho ld on 

grid on 

OeIP(i)= Pml-Pm_: 

Oelf(i)=omega2-om ga ~: 

ifi>=2 

OelsqP = Oe IP( i)-OeIP(i - I): 

end 

if((OeIP(i»O)&&(O If(i >0)) 

if ((i>=2)&&(OeIP(i - 1 »O&&Oelf( i-l )<0)) 

ifOelsqP>=O 

k=k+p; 

p=p+ l; 

else 
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k=k+n; 

end 

else 

if OelsqP>=O 

k=k-p ;p=p+ I; 

else 

k=k-n; 

end 

end; 

else if (OeIP(i)<O&&D If(i <0) 

if(Del sqP>=O) 

k=k-p:p=p-r I: 

else 

k=k-n ; 

end 

else if (OeIP(i»O&& Oelf(i)<O) 

if OelsqP>=O 

k=k+p:p=p- I: 

else 

k=k+n; 

end 

else if (DeIP(i )<O&& O If(i»O) 

ifOelsqP>=O 

k=k+p:p=p I: 

else 

k=k+n; 

end 

end 

end 
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end 

end 

if (i>=3)&&(((OeIP(i)<0)&&(Delf(i)<0))&&((OeIP(i-l»0)&&(Delf(i-l )<0))) 

MAXlMUMPOWER=Pm2 

% k=k n; 

fi gure(2) 

plot( omega(280-k)*95,Pm2,' k ') 

drawnow 

hold on 

grid on 

omega3=omega2 : 

jkl=lll 

Pm2=Pm I; 

%continue 

break 

else if (i>=3)&&((OeIP(i)<0)&&(Oelf(i»0))&&((DeIP(i- l»0)&&(Delf(i-l »0)) 

MAXIM POWER= Pm2 

%k=k-n ; 

figure(3) 

plot( omega(280-k)*95 ,Pm2,'k+') 

drawnow 

ho ld on 

grid on 

omega3=omega2; 

jkl= IO 

Pm2=Pml ; 

%continue 

break 
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end 

end 

omega3=omega2; 

Pm2=Pml ; 

end 

end 

Code for frequency measurement for Microcontroller : 

#include <avr\ io .h> 

#include <avr\interrupt. h> 

#include <math .h> 

#include "Icdlib .h" 

#include < tdi o.h> 

#include <string.h> 

#include <stdlib.h> 

#include "delay.h" 

void delay -'ongO { 

long i = -000: 

whi le(i--){ 

} 

} 

intj; 

void Icdcall( char p) 

{ 

int i; 

PORTB=-PORTB: 

Clear_LCOO: 

LCD _ Send(Ox80.0): 

LCD _Send _ String(" p"): 

delay _ longO; 
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LCD _ Send (OxCO.O): 

LCD _Send_ tring(" p") : 

Clear_ LCD ): 

fo r(i=O:i <.+:i - · ){ 

LCD _Send(Ox I CO): 

_delay _111 5(262.16): 

} 

for( i=0;i<4:i-H 

LCD _ Send (Ox I . 

_delaLI11 {_6_.1 

} 

} 

vo id delay_shortO { 

long i = 1000; 

while(i --){ 

} 

} 

ISR(T1M ER I CAPT \ e t 

{ 

static int16 _t value2. value I ,di f; 

char freq; 

va lue2=ICR 1 L+(8« ICR I H); 

di f=va lu e2-va lue 1; 

freq= I /d i f: 

Icdca ll (freq): 

va lue I =value2: 

} 

vo id mainO 

{ 
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DDRD = Ob I 0111111 ; 

TCCR I B=Ob I 1000001 ; 

TIMSKI=( I <<TICIE I) ; 

int i; 

int p=65000 ; 

DDRB=OxFF; 

PORTB=Ox55; 

DDRC = OxFF; 

PORTC = OxOO: 

LCD_initO: 

/* linel 0;.;80 

line2 OxCO 

line3 Ox94 

line4 OxD4 

*/ 

seiO; 

while(l) 

{ 

} 

} 

Code for PWM Generation: 

#include <avrlio.h> 

#include<avr/interrupt.h> 

ISR(TIM ERI _COMPB_vect){ 

PORTD=Ox I 0; 

} 
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int main(void) 

{ 

} 

} 

DDRD = Ox IO; 

IIlCRl =Ox7F; 

OCRIA= lO; 

OCRl B=Ox06; 

TCCR 1 A=ObOO II 00 II ' 

TCCR 1 B=ObOOO I 100 I ; 

IIPORT D=Ox20: 

TC TI H=OxOO: 

TCNT I L=OxOO : 

seiO: 

while ( I ) 

{ 
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