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Anaysis of Buck Converter for Permanent
Magnet Generator in Wind Power Generation
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ABSTRACT

Thispaper concentrates on the outline and improvement of buck converter for low wind power generation. Compared
with the ordinary buck converter, he proposed Buck converters can slower the capacitor discharge rate effectively
when the output short-circuitshappen. Thereforeduring thesameinterval, the output spark power and energy can
be decreased greatly. The specialized parts of accusing 28-volt batteries of alittle changel ess magnet wind-turbine
generator recommended that an extraordinary battery-charging station be produced. Nonattendance of field excitation
decreasesthe volume and general weight of thegenerator. A straightforward model hasbeen composed, constructed
introduced and tried. In this paper it is conceived that a permanent magnet generator woul d encourage el ectrical
energy to an ac-dc converter and after that dc-dc controller.
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1. INRODUCTION

Wind Turbines use as wellsprings of vitality has expanded altogether on the planet. With developing use of
wind vitality transformation frameworks (WECSs), different advances are produced for them. With various
points of interest, lasting magnet synchronous generator (PMSG) era framework speaks to avital pattern
being developed of wind force applications [1] &[2]. Little wind turbines offer a promising option for
some remote electrical uses where there is a decent wind asset. In [4] Variable-speed power empowers
operation of theturbine at its most extreme force coefficient over an extensive variety of wind rates, acquiring
a bigger vitality catch from the wind. One of the issues connected with variable-speed wind frameworks
today is the nearness of the gearbox coupling the wind turbine to the generator discussed in [5]&[6]. This
mechanical component experiencesimpressive blames and expands support costs. To enhance dependability
of the wind process and decrease upkeep costs the gearbox can be discussed in [7].Perpetual magnets can
be utilized to supplant the excitation twisting of synchronous machines because of magnet value lessening
and attractive material. The key utilization of such wind turbinesis battery charging, in which the generator
is associated through arectifier to a battery bank. The wind turbine electrical interface is basically the same
whether the turbine is a piece of aremote force supply for information transfers, a stand-alone private force
framework or a mixture town power framework.

2. SMALL WIND TURBINESIN BATTERY CHARGING APPLICATION

The execution restrictions of changeless magnet wind turbine generators in battery-charging applications
are brought about by the poor match of the rotor, generator, and burden qualities over alarge portion of the
working wind speed range discussed in [8]&[9]. Indeed, even the little measure of vitality (1KWh) that
these batteries store can adequately enhance the personal satisfaction for such ranges, giving individuals
access to electrical lighting, TV/radio, and other family comforts. In this paper set an improving direct
present (DC)/DC voltage converter between the rectifier and batteries. To control the present yield of the
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buck converter, this permits usto control the force heading off to the batteriestalked about in [10]. Battery-
charging frameworks are critical in creating nations where provincial families can't manage the cost of a
sun based battery home framework or other power aternatives. In any case, they can bear to possess a
battery and can pay for it to be charged all the time. Since the run of the mill family units that utilization
these batteries are situated a long way from the lattice, little wind battery-charging stations can be a cost-
focused choice. In any case, the specialized parts of charging various 28-V batteries with a little changeless
magnet alternator wind turbine recommend that an extraordinary battery-charging station should be produced.
In[11] presented the significant point of preference of abrought together battery-charging station is that it
can convey electric support of a low-wage fragment of the populace. This execution change comes at
higher framework capital expense with theindividual charge controllersislower asaresult of better execution
qualities discussed in [12].

3. PERMANENT MAGNET GENERATOR

Permanent magnet alternators are the most capable and savvy answer for building awind generator. Their
low-rpm execution is amazing, and at high speeds they can truly wrench out the current because of their
effectiveness. Littler PM aternators are “spiral” plans, where the magnets are attached (implanted) to the
rotor and grasped by titanium seeve for assurance against diffusive strengths at higher velocity. The
development of the control configuration of PM drives starts with the cost lessening of changeless magnet
material and takes after the advancement of control hypothesis of AC electric apparatus discussed in [13].
The primary contrast between PM drivesand their prior grew partner’sliesin the evacuation of the excitation
field hardware with troublesome brushes and its supplanting with perpetua magnets. In any case, the
application PM incapacitates traditional field debilitating control, in light of the fact that the magnets
produce steady attractive field force. With the cost diminishment of uncommon perpetual magnet materials
PM machinesturned out to be extremely prominent inindustry because of their Simple structure, productivity
and power.

4. BUCK CONVERTER

The operation of the buck converter is clarified first. This circuit can work in any of the three states as
clarified underneath. The primary state relates to the situation when the switch is ON. In this express, the
current through theinductor ascends, asthe source voltage would be more prominent than the yield voltage,
while the capacitor current might be in either course, contingent upon the inductor current and the heap
current. At the point when the inductor current ascents, the vitality put away in it increments. Amid this
express, theinductor gets vitality. At the point when the switch is stopped the diodeisin the state. In Figure
5.1 the capacitor is getting charge
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Figure 1: Basic Circuit
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The second state identifies with the condition when the switch is OFF and the diode is ON. In this
express, the inductor current freewheels through the diode and the inductor supplies vitality to the RC
system at the yield. The vitality put away in the inductor fals in this state. In this express, the inductor
releasesitsvitality and the capacitor current might be in either course, contingent upon the inductor current
and the heap current.
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At the point when the switch is open, the inductor releases its vitality. When it has released all its
vitality, its present tumblesto zero and tendsto turn around, yet the diode pieces conduction inthe opposite
bearing. In the third state, both the diode and the switch are OFF. Amid this express, the capacitor releases
its vitality and the inductor is very still, with no vitality put away init. The inductor does not get vitality or
release vitality in this state.
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Figure 2: Second Stage of Basic Circuit
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Figure 3: Third Stage of Basic Circuit

Hereit isaccepted that the sourcevoltage stays consistent with no swell, and the recurrence of operation
iskept settled with an altered obligation cycle. At the point when both the information voltage and the yield
voltage are consistent, the current through the inductor rises straightly when the switch is ON and it falls
directly when the switch is OFF. Under this condition, the current through the capacitor likewise changes
straightly when it is getting charged or released.

5. TEST RESULTS OF PM SG

5.1. Generator Speed Vs Generator Output Voltage

Thetable 1 shows different readings of generator pace and their relating yield voltages. The generator yield
voltage of 51.1 voltsis acquired for the maximum speed of 1900 rpm.

Tablel
Generator speedin rpm Generator o/p voltage
900 19.2
1200 26.33
1350 29.41
1700 46.2

1900 51.1
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The figure 4 has been drawn for the generator speed versus generator output voltage.
Generator speed is taken in x axis and generator output voltage is taken in y-axis.
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Figure 4: Generator Speed Vs Generator Output Voltage

5.2. Generator Output Voltage VsWind Velocity

The table 2 shows different readings of wind speed and their relating yield voltages. The generator yield
voltage of 51.1 voltsis acquired for the most extreme wind speed of 6.5 m/s.

Table2
Generator output voltage in volts Wind velocityin m/s
19.2 3.07
26.33 4.10
29.41 4.62
46.2 5.81
51.1 6.50

The figure 5 has been drawn for the wind velocity versus generator output voltage. Wind velocity is
takenin x-axisand in y axis generator output voltage istaken. The generated voltage is maximum when the
wind velocity is 6 to 12 m/s
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Figure 5: Generator Output voltage VsWind Ve ocity
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5.3. Generator Speed VsWind Velocity

The table 3 shows various readings of generator speed and their corresponding wind velocity. The wind
velocity of 6.5 nVsis obtained for the maximum speed of 1900 rpm.

Table3
Generator speedin rpm Wind velocity in m/s
900 3.07
1200 4.10
1350 4.62
1700 5.81
1900 6.50

The figure 6 has been drawn for the generator speed versus wind velocity. Generator speedis taken in x
axis and wind velocity is taken in y axis
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Figure 6: Generator Speed VsWind Velocity

6. RESULTS & DICUSSION

Electronic circuit outline requires precise techniques for assessing circuit execution. In light of gigantic
many-sided quality of advanced incorporated circuits, PC helped circuit investigation is crucial and can
give data about circuit execution that is practicaly difficult to get with research center model estimations.
PC helped investigation licenses PSIM is a universally useful circuit program that reproduces electronic
circuits. PSIM can perform different examinations of electronic circuits: the working purposes of trangstors,
a period space reaction, a little flag recurrence reaction, et cetera. Recreation work was accomplished for
every one of the circuits and results are appended.

6.1. Simulated Circuit Diagram

The figure 7 shows the simulated circuit diagram. The buck converter operating in current program
mode control .The unit is a Pl controlled device that controls the power level at which the converter
operates. The unit is primarily designed to operate from the three-phase alternating current output of the
wind turbine.
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Figure 7: Control of buck converter

The figure 8 shows the PSIM simulation results for the output voltage from the buck converter
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Figure 8: Output voltage of buck converter

6.2. Experimental Result

The figure 9 consists of diode bridge rectifier, buck converter and controller unit. The three phase full
bridge rectifier is used to convert the ac to dc then it is fed to the buck converter shown in figure 10.
Converter responseto achangeintheinput source, aload canbe modified to exhibit the desred characteristics
by employing the feedback control techniques Generally the controller loop should be separated from the
power circuit becauseif any problem occursin the power circuit, the controller loop should not be damaged.
Inthiscircuit, the 4AN35 optocoupler isused for isolation. Theoutput voltage is subtracted from thereference
voltage and the error voltage is passed through a Pl controller block and then used to controls the power
level at which the converter operates. The ICSG3524 is used as the pulse width modulator in this circuit.
The range of Rt and Ct are chosen according to our requirement. The range determines the pulse-width of
the oscillator output pulse, which is used as blanking pulse. The reference voltage is compared with the
range of value of Ct to produce two switching pulse at the output terminal. The output switching pulses of
the PWM s fed to the op-to isolator. The op-to isolator produces the switching pulse to the gate of the
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power MOSFET shown in figure 11 and control the conduction of the buck converter for maintain 28V
shown in figure 12.The overall experiential results mentioned in table 4.The figure 13 shows the overall
experimental layout of buck converter.
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Figure 9: Circuit Diagram
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Figure 11: Output Waveform of Pulse Width M odulator
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Figure 12: Output of Buck Converter

Table4
Experimental Overall Results
PWM modulator

Wind Turbine Rectifier o/p Buck converter Buck converter
Output Voltage  voltageinvolts ~ Amp in \olts FreginkHZ  Duty cyclein % o/pvoltage  of/pcurrentin

involts amps
32.01 43.21 4.14 6.02 32.8 28.01 2.801
35.03 47.29 4.14 6.02 28.6 28.13 2.813
40.02 54.07 4.14 6.02 24.1 28.19 2.819
48.21 65.08 4.14 6.02 19.2 28.37 2.837
52.31 70.61 4.14 6.02 11.7 28.67 2.867
61.20 82.62 4.14 6.02 6 28.72 2.872
72.20 97.47 4.14 6.02 13 28.98 2.898

Figurel3: Hardware Layout
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7. CONCLUSION

An easy to work and powerful wind-electric battery-charging station has been created and tried. As a
consequence of this expansion, the proficiency has been enhanced essentialy utilizing proposed buck
converter. The controller is equipped for boosting yield of the variable-speed wind turbine under fluctuating
wind. The producing framework with the proposed control system is reasonable for a little scale remain
solitary variable-speed wind-turbine establishment for remote-territory power supply. The reenactment
results exhibit that the controller works extremely well and shows great dynamic and relentless state
execution.
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