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Abstract

Wind generation systems generate variable voltages at variable frequency because of variable
wind speeds. Wind turbines exhibit non linear power characteristics at load variations and
have power peak at certain speed of the wind turbine. Because of variable nature of output
power at variable wind flow speeds, it is not practical to use the power output directly to any
load. Rather, the variable ac power from the wind generator is stored in a storage battery
using an interface converter The battery then supplies power to the desired load or utility
using an mverter We aimed at constructing an interface converter that would always extract

maumum power from the wind generator within the battery capacity limit.

% lzad acd batterny with a nominal voltage of 12V will be charged according to IEC 60896.
While tracking the maximum power 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
driving floating power MOSFETsS, will be incorporated in the converter design. This report
includes the test results of charging a 12V, 70Ah Lead Acid Battery at various charging states

with our proposed circuitry.

Different  individual parts like frequency measurement, LCD interfacing, serial
communication were integrated, modified and tested into a single scheme-results of which
zre included in this report. Different input and output power were observed while varying the
dun ovele from the Microcontroller. It also includes the data for testing of power maximizing
algorthm at different wind speeds. Wind speeds have been simulated using a three phase
synchronous generator set coupled with a compound de motor used as a prime mover along
with different maximum power point tracking results. All the advancements of the circuits
and algorithms made so far and different newly implemented parts like protection scheme are

included in this report
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1. Introduction

L:muation of available energy and the increasing demand of fossil fuel for generation of

sleciricity and applications in other industrial activities and households have made the

4]

mergence of renewable energy sources inevitable worldwide. Unlike the other fossil energy
sources remewable eneroy provides almost zero pollution and low variable costs but at the
same mme suffers from some practical problems. Wind energy, like other renewable energy

sourses = 2 ven imporiant source but cannot be directly fed to most loads or utility because

Hence the necessity of an efficient power electronic converter for stable power flow comes
mio consideration. In this project focuses on the aspects of wind energy in household
applications, and the team is dedicated for the development of an efficient energy maximizer.
In order 1o produce electricity and feeding the power useful load or to a utility, it is necessary
1o s1abilize the output voltage. Normally, the output power obtained from a wind turbine is

muac = 1o charge a stationary battery through a power electronic converter.

Then amother converter (inverter) converts the dc power into ac and then boosts it to the
sepured level for feeding to a power system. For this, a significant number of theoretical and

grascnca challenges are to be met and innovation in some areas is required.



2. Block Diagram

= “ollowing block diagram of wind generation power maximizer is shown in Fig. 1. The
*ocw dizgram utilizes an integrated buck-boost topology using a common ground that is best
swiad for this application. A 3-phase Full bridge rectifier converts the wind generator ac

izze into dce that is fed to the charging circuitry through a normally closed relay contact.
Prowision 1s made for charging a secondary storage that is another stationary type lead acid
saniery of the same voltage as the main one.
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Figure | Block diagram for the scheme of the wind energy maximizer converter



3. Power Electronic Circuit for the Energy Maximizer

RF150 2.48mH MBR6545  1N4007
L2 +12V
MBR6545
imF| +|
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Figeee T Flmaiaed Power Electronic Interface for the Low Cost Energy Maximizer

Epemmemr was dome wath 2 motor generator set. To comply with the rotating machines
DR same Shamees hase been made. After connecting with the motor generator set the gate
W e soilmee decaved faster for large duty cycles. For complimentary set of transistors
DU NS mien the collector voltage was 12V the charge went through Q2. The capacitor
w Ssssameee throwsh this process. But when the voltage is OV the capacitor is charged. At
e Su ovoies the capaciior got less time to discharge and more time for charging. As a
Tesult dne soimmes of the capacitor fall and the gate to source voltage also fall. So C2 was

replacad v 2 large svalued capacitor and the base resistance of Q11 was decreased.

The comsram of maomum PWM duty cycle of 90% was solved by adding ‘Refresh with

Suck straizsn The refresh pin enables a constant gate to source volt of 12V. The boost
MOSFET s kept off When the available power is less than the maximum charging current
fhes strategy can be taken
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4. Simulation results

4.1 Buck Converter
Ir foemz buck conversion, an input of 20V has been used. PWM duty cycle was 60% and

mefresh was off

In the following figure, the input voltage, the source voltage of the buck

MOSFET and the load battery voltage has been shown.

lms 2ms 3ms 4ms Sms 6ms Tms 8ms 9ms 10ms
e V(D9:2) « V(R9:2) & V(L1:2)
Time

Flgure 3° Voltage (R6:1) is the input voltage for buck MOS; Voltage (D9:2) is the output voltage for buck
MOS. Voltage (R9:1) is the input voltage for boost MOS; Voltage (L1:2) is the input voltage for boost
MOos

4 2 Boost Converter

0 Sowmg meest conversion, an input of 20V has been used. PWM duty cycle was 60% and refresh was
@ e Soilowang figure, the input voltage, the source voltage of the buck MOSFET, the drain
“mee o e soost MOSFET and the load battery voltage has been shown.

11
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Figure 6: Load voltage and load current in Constant current Mode with input 25Vac

4.3 Experimentation

4.3.1 Buck Converter
wcw regulator is built with an IRF150 MOSFET. Variable duty PWM is generated from
=2 microcontroller with a switching frequency of 10 kHz. Operational performance for input

e 3-30V and load current of 3A has been tested in a breadboard.

4.3.2 Boost Converter
¢ —2 pan of the boost converter is a MOSFET, IRF540 and an inductor of 200uH. The value of
“oc mZocor s chosen carefully so that the output voltage can be boosted according to its requirement.
e mcuctor used is a ferrite core inductor which has been made manually by the team for getting the

=20t inductance value. The boost operation is tested for input voltages 6-12V.

13



4 4 Frequency Measurements

metnod of frequency measurement is tested involving timer2 (8-bit timer) and an

(INTO) of ATMega32. The following algorithm is used for frequency measurement:
A1 first positive edge, store the current value of the timer2 as valuel, diff=0

- 1 Az umer2 overflow increase the value of diff by 256

& A1 second positive edge, store the current value of the timer2 as value2

& %00 e difference between value2 and valuel with diff

Thwce the CPU clock by diff and get the frequency.

5. Power maximization

5.1 Maximization Conditions

5.1.1 Battery Characteristics

 comstant current charging stage, the power should be maximized according to the available
“me power but should not exceed the maximum power requirement of the battery. In
voltage charging stage power drawn by the battery is decreasing with time and

power does not need to be maximized.

5.1.2 Power Frequency Curve

= A
l% TARGCETED A R, L E 1
o . —,4 _O (338 '4_\)-’v-- A s 4 .
e
=
. Rt
e ' i g e e PR
»
// j Y e o
/ incresing " (T T
S powver ce—n S0
: Pmi \ _ increasing current
Prm2 = = N steps
— T— - —
SPEED TIME

#gwre 72 Charging when the maximum available power is less than the maximum charging power

(maximizing output)
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) cwrves represent the case of being maximum power less than the power for the
Swmery charging current. The current is increasing gradually from no load to the

peemt of the turbine power speed curve. Here it is assumed that the wind speed is

= 4
4
e
o =
2 o
/ TARGE TELD MAXIPIURN CLREN]
4 A\ J— ﬁj - - I_ — -
X - - e o o [
increasing “W— — — — )’_ SPRCH S —
power TR . _]
Prmi ~ T ' _
Pm2 \ increasing current
xS ;
gd N\ in steps
- —. - - - -
SPEED TIME

#gwre 82 Charging when the maximum available power is more than the maximum charging power

(maximizing output)

‘= Fizure it represents the case of maximum available power more than the maximum battery
“marznz power. Also here the starting point is at no load. The current is increased normally
“ne previous. But when it is required to cross the maximum charging current, the converter

“moreasing current and stalls to maximum charging current and power is not maximized.
6. Maximizing algorithm

=1 Operating Algorithm

oo an auxiliary battery charging scheme was proposed, which is excluded in the final
“oneme Thusitis also excluded from the final algorithm. For dumping the extra power some

‘mmonative deas are included in the later part of the report.
- Terminology

» Wind generator frequency

Wind generator present frequency
Wind generator previous frequency

15



Charging current of main battery
Maximum charging current of main battery
Main battery terminal voltage
Main battery voltage upper limit
Power supplied to main battery
Present value of main battery power
) Previous value of main battery power
POWER Maximum available power from the wind generator

PWM duty cycle

©owing algorithm was used to search for the maximum power point.
Algorithm
© Keep the Relay in off state (main contact closed, NC).
Initialize duties of KPWMI .
““cquire the three-phase rectifier output voltage, Vs.
1Vs<5Vor Vs> 50V, go to step 39 else go to step 5.
Display “System Normal™ in the LCD module.
& TN >14V,goto 7else goto 8.
Uperate in BUCK Mode (M1 in PWM mode, M2 off).
perate in BOOST Mode (M1 in refresh mode and M2 PWM mode).

. Acthvate the converter if it was not activated before(first time), else continue

operation (send PWM signal to respective MOSFETSs) and charge the battery.
- 10. Acquire Vs, IBATs VBAT and f.

1. Czlculate power. Pgat(i) = Vpat(i) * Igat(i).

16



fior 2 while_

ing with Maximum Power Tracking

Vs. Igat. Vparand f.

EVs>5Vor Vs <30V goto 15, else go to 39

' 15 IF IBAT(i)>= IBATUL or VBAT (i)>= VBATUL .decrease PWM, go to 13,else go
wié

‘Cﬂ:nlate power, PBAT(i) = VBAT(i) * IBAT(i) and AP(I) ,(AP(I) = PBAT (l)— PBAT(i-l))
amd AT L (AS() = (D) — f(i-1))

~ 7 17 AP() is not zero find derivative of power change, A?P= AP(i) - AP(i-1).go to 18.
else goto 38

18 1T AP(i)>0 and Af (i)>0 go to 19, else go to 22
1517 AP(i-1)>0 and Af (i-1)<0 go to 20, else go to 21

20 It AP >0, make PWM step size k as k=k+p (p is a fixed step size) and p=p+1.else

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

20 If AP <0,make step size k as k=k-p and p=p+1.else make k=k-n, (k>=2)
22 1t AP(i)<0 and Af{(i)<0 go to 23 else go to 24

23 1f AP >0, make step size k as k=k-p and p=p+1.else make k=k-n

24 1T AP(i)>0 and Af{(i)<0 go to 25 else go to 26

25 1f A’P >0, make step size k as k=k+p and p=p+1.else make k=k+n
2611 AP(1)<0 and Af(i)>0 go to 27 else go to 28

27 If A°P >0. make step size k as k=k+p and p=p+1,else make k=k+n

If AP(1)<0 and Af(i)<0 go to 29 else go to 33

17



5150 and Afii-1)<0 go to 30 else go to 33
MAX POWER = Pgar{i-1). goto 31

Paat(i) at Pgar(i-1) .goto 32

present f(i) value at f{i-1) : - :_{\:...; -

3 IF APVI)<0 and Af(i)>0 go to 34 else go to 37
34 IF APY-120 and Af(i-1)>0 go to 35 else go to 37

MAX POWER= Ppar(i-1) goto 36

P..+(1)at Pgar(i-1) and Store present (i) value at f(i-1) , go to 38

3% Gotostep4

weperation in abnormal condition

ON relay to disconnect the converter from the 3-phase rectifier.
- “System Abnormal” in the LCD module.

L Go 1o “Sleep Mode”.

M ATLAB Simulation

our algorithm (modified dual slope maximizing strategy) we firstly simulated
S0 48 wind turbine’s power versus speed characteristics curve at different wind

s weme following equations !,

18



. (3)

= mmechanical input power

ofair, (1.205 kg'm3 assumed for simulation)
swept by blades, (1.7 m2 assumed for simulation)
wind speed

= wrbine power coefficient

r

= tip speed ratio

" 4

= generator speed

mum value of C p =0.4176, when ¥ =11.5 and gear ratio is assumed to be 95.

5.3 Simulation Algorithm

~ ¢ present wind speed as input
~ " nputis given, set Pm2 (power that is set) =0, go to 3,else stand by

© “ithe given wind speed start from any arbitrary generator speed Q1
progress report for IFEC2009 project “Low Cost Wind Turbine Energy Maximizer” by

ia of
and EWU. Bangladesh

power Pm1. at Q1 using equation (1), (2) and (3)

19



, waipe 2 00 ssack varable)
Siference. APYi) = Pmi-Pm2 and generator speed difference, AQ(i) = Q2-Q3

pve of power change. A2P= AP(i) - AP(i-1)

and AQ (i>0goto 9. elsegoto 12

and AQ (i-1)<0 goto 10, else goto 11

2% >4 make step size k as k=k-p (p is a fixed step size) and p=p+l,else make k=k-n

)
' zke step size k as k=k-p and p=p+1.else make k=k-n, (k>=2)
S and AQ(i)<0 go to 13 else goto 14
2% . make step size k as k=k-p and p=p+1.else make k=k-n
o 0 and AQ(1)<0 goto 15 else goto 16
© 2P 0. make step size k as k=k+p and p=p+1,else make k=k+n
08 1 AP)<0 and AQ(i)>0 goto 17 else goto 18
7 2P >0, make step size k as k=k+p and p=p+1,else make k=k+n
AP <0 and AQ(i)<0 go to 19 else go to 23
‘ P -1>0 and AQ(i-1)<0 go to 20 else go to 23
l MAX POWER =Pm2 goto 21
Pml at Pm2 go to 22
present Q2 value at Q3
~  P1)<0 and AQ(i)>0 go to 24 else go to 27
24 0 P-1)>0 and AQ(i-1)>0 go to 25 else go to 27
25 Make MAX_POWER= Pm2 go to 26
~% Soorz Pml at Pm2 and Store present Q2 value at Q3 , go to 28
27.Go o step 3
28 Gotostep |

20
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Fizure 9: The Power vs frequency curve implemented in GUIDE of MATLAB.

| r=d crosshairs represent the jumps from lower to immediate higher power. The

mear the maximum power are small to trace the maximum power accurately.
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7. Battery Charging

alzorithm for charging the battery is
Acquire battery terminal voltage and state of charge
If state of charge < 70% charge using constant current
If state of charge >70% but <90%; charge using constant voltage
If state of charge >90% but <95% use trickle charging

Gotoa

‘= this report it was said that the voltage vs state of charge would be stored in EEPROM.
“rogramming of the EEPROM has been implemented in the microcontroller. Charging using
this strategy is being worked on. However voltage vs SOC curve is not the same at all
temperatures. The current charging strategy incorporates the using of an Asynchronous timer
tor charging the battery. The timer generates an interrupt on every 4 minute. Than the PWM
s off and the battery is open circuited. The voltage of the battery is measured after a delay.
The slope of the voltage is also calculated to verify if the battery should be charged in

constant voltage mode.

8. Implemented Results

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

~esistance. Input DC voltage was fed to the DC motor coupled with a synchronous generator.

Three phase output was taken from the synchronous generator and fed to a three phase
sectifier. Its output DC voltage was fed to the proposed converter. Varying the load resistance
< fferent output power was extracted. Plotting the output power vs frequency in MATLAB a
meumum power point is found .This power vs frequency curve is symmetrical though not
- wompletely alike the wind turbine curve. Using the proposed converter the dual slope

maomizing algorithm  tracked the maximum power point of this curve.

22




Table - Experimental data of the converter

Output current (A) Qutput power (W) Freq (Hz)
021 9.4 28
022 9.63 27
025 10.57 26
0.38 13.9 245
042 13.5 225
058 15.37 21
0.68 1358 18
0.78 13.49 17
0.79 11.53 16
0.87 9.48 15

of the Data

Power vs Frequency Plot

—ea——— Actual Data 1
5th degree {

il

18 20
frequency

Figure 10 The MATLAB plot of power vs. frequency from the data tabled above
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Masowr Gemerator Setup
EsimE s hems nertor—ed o a synchronous generator coupled with DC motor
¢ muower. The DIC mosor s separately excited and its armature has a series

s 50 be noted that 2t running

o

ondition when the motor and resistance has the

Table 2: Specification of the motor generator set

Synchronous Generator

AEG
' A/Y 400 / 230V 2.8/2.17A
O%n Type G 237 DB 1.5kVA cos® .9/1
pm 1500 rpm

Epress 180V 0.8A

9. Protection

ection system of the converter is so designed that if any of the control fails than
= woc takes over it. These protection schemes have been tested individually. There are

© mes of protection system for the converter
& Controller protection
* Independent Analog Protection

¢ Mixed protection

“omimoller protection is the scheme in which the actuator is the microcontroller. The
cmicontroller senses and decides what to do. Independent Analog protection only uses
Smsor and actuator which is independent of the microcontroller. There are also some
mections which use both a and b. The type a protection system is Over temperature
“tom and overcharging protection. Type b protections are opposite polarity, over-voltage
& protection schemes are short circuit, over-current, under voltage protection. These

mom schemes are discussed below

24




MBR6545

- Frzquency measurement : 43 i Output current measurement |

- nout voltage measurement § {5} | Output voltage measurement }

Overspeed protection Over temperature protection

(o

Figure 11: Measurements and Protection systems

- =1 Opposite Polarity

wses a relay which is excited when the battery terminals are connected in opposite

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

22 Short Circuit

terminals are short circuited and the turbine has available power, large current flows to
owiput The absence of voltage and high value of output current is detected by the
roller. This triggers a relay which opens the output terminals so that the current can

~ [his relay remains open as long as the short circuit in the output terminal is there.
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pe amd Ower-speed
emd ower womage protection are almost the same. The frequency of the

. @was memoorsd The freguency cannot increase without failing the over

I the amalog prossction schemes fail, the converter will make sound.

Sme w0 lime volizge of the generator is 50V this means rectifier output of

TV So the maximum rectifier voltage should be 47.7V.

enceeds 100% of the maximum value, a dump load is on. The extra power is
o the dump load. The voltage reduces. The dump load power dissipation
e woltage reduces to 90% of the maximum voltage. The dump load is merely a

sesestor. The control of the dump load is analog.

Owver current

op-z2mp is used which generates an interrupt to the microcontroller. The triggering
op-amp also stops the PWM input to the power converter. The microcontroller
= e PWM to reduce the over current.

ner charging
22c becomes constant for around 2 hours than the battery is supposed to e charged
“ne charging finishes, the PWM is made off. The battery voltage is periodically

=2 1o see if voltage has been decreased.

Over-temperature

¢ wmperziure sensor LM335 gives a proportional output to the temperature. The voltage

e sevond limit (60°C) sensed by an op-amp. This op-amp creates an interrupt to the
somirolier. The microcontroller then temporarily shuts down the entire converter until

rerature becomes normal again.



6x3
e off e gemerator s 6V which means rectifier output of i3 V=5.73V. An

“0s wmder-voizze comcition and makes an interrupts to the microcontroller.

pllier then shuts down all of its jobs.
sve Ideas for dumping the extra power and Heat sink Design

& part of the power conmverter. The motor uses the excess power of the converter to
wr an air pump. The motor starts automatically when the rectifier output voltage
f the maximum rectifier voltage, and stops when the voltage drops to 60% of

wzlue. If additional power is needed for the battery the motor can be kept off.

Vs
pump

pump works when the motor is started by the aaxo @

~ This system can be used at rural areas. The water can
woc through different channels to the upper lands. In q

o aced on top of houses, the pump can pull water to the -
The only disadvantage of this system is that it has

only at high winds. >

Figure 12: Motor Connection

2 Air compressor pump

o sucks air from atmosphere and air is collected at higher pressure through

cwsor This system can be used as power storage as the air can drive a turbine.

103 Heat sink design

ae the necessary calculations for a targeted junction temperature 80°C where ambient
geted ) p

¢ is 35 C (maximum).
Suck MOSFET (IRF150) total power dissipation is calculated below

JEmction temperature, Rps(ON) =0.055Q
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At 80°C effective Rps (ON)=0.055Q =1.5 = 0.0825Q
Maximum current in our testing =8A

Total power dissipation = (8A)2 % 0.0825Q =5.28W

For maximum ambient temperature 350°C we have a span of 800 °C -350 °C =450 °C
Total thermal resistance required TR=45/5.28 °C /W = 8.523 °C /W

Using the datasheet the thermal circuit will become,

0 0 0
80 °C 0.97 "C/W 0.5"°C/W 7.053 "C/W o
Junction—‘\/\/\f—Case—J\/\/\f—Sink—J\/\/\r—Amgient

Rj-c Rc-s Rs-a
)
P=5.28W
[

Figure 13: Thermal resistances from junction to ambient

So we have to design a sink having a thermal resistance of (8.523-0.97-0.5) = 7.053 °C /W.

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

The thermal resistance of a heat sink is determined by the total surface area, the number of
fins, the actual alloy used. its thickness, the color (matte black is best), availability of
unrestricted air flow and its temperature. For 7°C/W the surface needed for 0.3cm thick

aluminum is 75¢m~.

For designing purpose fin length is taken 1.5cm and fin spacing is 0.75¢cm for natural

convection. Fin spacing could be .5cm for 1m/s airflow.
To meet the area 75¢cm” 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 the announced withstand wind speed 40m/s is not studied

yet, power dissipation from dump resistance is not calculated.

0.3cm 0.75cm

k=1

’— — ' r— '—‘ P
1.5cm |
-~
4cm
e
le N|
N 2
5.55cm

Figure 14: Top and side dimensional view of heat sinks

11. PCB layout

The prototype PCB has been designed and built. Another PCB for controller operation and

serial communication with pc and communication with LCD has been implemented.

Figure 15: Layout of the converter PCB
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e

Figure 16: Layout of ISP with serial communication & LCD interfacing

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



12. Conclusion

12.1 Conclusion

Variable speed operation is realized in many ways, each differing in significant details.
Direct drive systems have a natural capability for a very wide speed range, although even
there some restriction on minimum speed may reduce the cost of power electronics. The
electrical energy is generated at variable frequency — a frequency related to the rotational
sped of the rotor — and then converted. by the converter or inverter (both power electronic
devices) to the frequency 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 prediction 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 for lower cost.

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

development of low cost wind turbine is:
Graphical User Interface

eImplement Wireless Connectivity

oSuitable for Windows, Linux, and Mac Users
°Smart Phone Applications

Battery Charging Algorithm

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

Matlab code for power maximization:

clear all

omega=1:.15:45; %in rpm
omegal=omega*2*pi/60:%in rad/sec matrix length 881
A=1.7;

to=1.2;

Vm=[34567891011];

for i=1:9

Pm=(.25.*((2.232*Vm(i)./omegal)-5.6)).*(exp(-
0.17.%(2.232*Vm(i)./omegal )))*(A*ro*(Vm(i)"3));

figure(1)
plot(omega*95,Pm,'r")

hold on

grid on

end

Vm=[579 11]:

k=0;

Pm2=0;
omega3=omegal(280-k+1):
omega2=omegal (280-Kk):
=l
MAXIMUMPOWER=0:
DelsqP=0:

for m=1:700
Vm(m)=input('give present wind speed(3 TO 11)');
if Vm(m)<=2

break
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end
p=2;
for i=1:600

Pm1=(.25.*%((2.232*Vm(m)./omegal(280-k))-5.6)).*(exp(-
0.17.%(2.232*Vm(m)./omegal (280-k))))*(A*ro*(Vm(m)"*3));

if  MAXIMUMPOWER~=0)
if ((iI>=3)&&(PmI>MAXIMUMPOWER))
n=n+1;

else if (i>=3)&&(n>=2)&&(Pm I <MAXIMUMPOWER)

end

omega2=omegal (280-k);

figure(2) —
plot(omega(280-k)*95.Pml.'g.") 55;?’;‘”
drawnow ' RAR
hold on

grid on

DelP(i)=Pm1-Pm2:
Delf(i)=omega2-omega3:

if i>=2

DelsqP = DelP(i)-DelP(i-1):

end

if (DelP(i)>0)&&(Delf(i)>0))

if ((i>=2)&&(DelP(i-1)>0&&Delf(i-1)<0))
if DelsqP>=0

k=k+p;

p=ptl;

else
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k=k-+n;

end

else

if DelsqP>=0

k=k-p:p=p+1;

else

k=k-n;

end

end;

else if (DelP(i)<0& &Delf(i)<0)
if (DelsqP>=0)

k=k-p:p=p+1:

else

k=k-n;

end

else if (DelP(i)>0&&Delf(i)<0)
if DelsqP>=0

k=k-+p:;p=p+1:

else

k=k+n;

end

else if (DelP(i)<0&&Delf(i)>0)
if DelsqP>=0

k=k+p:p=p+1:

else

k=k+n;

end

end

end
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end

end

if (i>=3)&&(((DelP(i)<0)&&(Delf(i)<0))&&((DelP(i-1)>0)& & (Delf(i-1)<0)))
MAXIMUMPOWER=Pm?2

% k=k+n;

figure(2)
plot(omega(280-k)*95,Pm2.'k+")
drawnow

hold on

grid on

omega3=omega2:

jkI=111

Pm2=Pml;

%continue

break

else if (i>=3)&&((DelP(i)<0)&&(Delf(i)>0))&&((DelP(i-1)>0)& & (Delf(i-1)>0))
MAXIMUMPOWER=Pm?2
%ok=k-n;

figure(3)
plot(omega(280-k)*95,Pm2,'k+")
drawnow

hold on

grid on

omega3=omega2;

jkI=10

Pm2=Pml;

%continue

break
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end

end
omega3=omega?2;
Pm2=Pm1;

end

end

Code for frequency measurement for Microcontroller :

#include <avr\io.h>
#include <avr\interrupt.h>
#include <math.h>
#include "lcdlib.h"
#include <stdio.h>
#include <string.h>
#include <stdlib.h>

#include "delay.h" ¢ (|

void delay_long(){ AN )

long i = 5000:
while(i--){

b

j

int j;

void ledcall( char p)
{

int i
PORTB=~PORTRB:
Clear LCD():
LCD_Send(0x80.0):
LCD Send String("p"):

delay long():
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LCD Send(0xC0.0):
LCD_Send_String("p"):
Clear LCD():
for(i=0:i<4;i++){
LCD_Send(0x1C.0):
_delay ms(262.16);
i

for(i=0;i<4:i++){
LCD_Send(0x18.0):
_delay ms(262.16):
\

)

1
s

void delay short(){
long i = 1000;
while(i--){

j

1
J

[SR(TIMER1_CAPT vect)

{

static int16_t value2,valuel . dif:
char freq;
value2=ICR1L+(8<<ICR1H);
dif=value2-valuel;

freq=1/dif:

ledeall(freq):

valuel=value2:

}

void main()

{
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DDRD = 0b10111111:
TCCRI1B=0b11000001;
TIMSK|=(1<<TICIE1);
int i;

int p=65000;
DDRB=0xFF;
PORTB=0x55;

DDRC = 0xFF;
PORTC = 0x00:

LCD init():

I# linel 0x80
line2  0xCO

line3  0x9%4

line4 0xD4

.

sei();

while (1)

1

)

}

Code for PWM Generation:

#include <avr/io.h>

#finclude<avr/interrupt.h>

ISR(TIMERT COMPB_vect){
PORTD=0x10;
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int main(void)
{

DDRD = 0x10;
//ICR1=0x7F;
OCRI1A=10;
OCR1B=0x06;
TCCR1A=0b00110011;
TCCR1B=0b00011001:
//PORTD=0x20:
TCNTI1H=0x00:
TCNTI1L=0x00:
sei():

while (1)

{
v

} 73 est Ug s

N - _ e
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