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The paper presents a modified constant voltage (MACV) maximum power
tracking algorithm approach for PV array fed brushless DC (BLDC) motor
drive for air conditioning application. The proposed algorithm tracks the
power instantaneously for sudden changes in solar radiation. The PV power
is fed to Voltage source inverter directly without conventional dc dc

converter there by reducing the overall cost and high frequency switching

losses and efficiency of the system is improved by reducing number of power
Keywords: conversion stages. The appropriateness of the voltage and current controller
for PV fed BLDC motor for cooling applications is verified for dynamic

gl‘.DC motor changes of solar radiation. The proposed system is designed and modelled
rive and results are verified using MATLAB/SIMULINK software.
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1. INTRODUCTION

Alternative energy sources play a vital role in generating power because they are available in plenty
in nature and they are friendly to the environment. The power crisis created unlimited pressure in the nation
and also in the world as a whole. Unavailability of conventional fuel resources and specific concern about
increasing pollution has certainly led the world towards pollution free alternative sources. If one considers
the existing problems solar power generation appears as the sole answer to every problem [1-6]. This is the
natural energy source which is a lot helpful and free from producing pollutants in great number, secondly it is
freely available in the nature and moreover carbon emission can be marginalized to a greater. The basic
element in generation of power in solar system is the photovoltaic cell that transforms sun light into
electricity. Actually it is an interconnected cell system as a united one, so the more the area of array the more
electricity can be produced [7-10]. In this way a larger production of solar energy reduces the cost of
generating electricity and thus low cost energy can be supplied for developing countries like India it is a lot
useful [11-14].

According to some studies, the tracking of Maximum power point tracking was done in many ways
to overcome the drawbacks of solar energy. In the paper entitled Performance assessment, in terms of ripples
and power, of conventional and interleaved converter DC-DC with coupled and independent inductors
dedicated to photovoltaic installations proposed two topologies i.e conventional boost converter and
interleaved boost converter and it was found that interleaved boost converter has good and high power
quality and ripples was reduced [15-17]. The optical reflectors for a PV panel adapted by MPPT control
improved the light intensity on solar panels by increasing the power output and effeciency and reducing the
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current ripples by boost converter topology [18]. Different algorithms like perturb and observe, current
perturbation algorithm (CPA) with a variable perturbation step, fuzzy logic control of MPPT, fractional short
circuit current algorithm (FSCC)was proposed to track the maximum power point by improving the
effieciency, faster response and reduce steady state oscillations [19-22]. In this paper we propose novel and
adaptive voltage reference MPPT tracking algorithm and Lower cost and higher efficient topology without
conventional DC-DC converters. The problems listed by conventional algorithms are overcome by proposed
algorithm.

2. RESEARCH METHOD

The Proposed system for PV array fed air conditioning system is as shown Figure 1. The solar
energy generated by photovoltaic modules are is fed to bldc motor driven air conditioning compresser
through voltage source inverter. The voltage to the inverter is maintained constant by dc link capacitor
[23-24]. The gate pulses to the vsi inverter is generated by voltage and current controllers. The solar voltage
and current is given to adaptive voltage reference MPPT algorithm which in turn generates voltage reference
to the voltage controller. The dc link current is compared with reference current and generates gate pulses to
the voltage source inverter.
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Figure 1. Schematic diagram of solar PV connected with air conditioning system

2.1. Mathematical Model of Solar Cell
When sunlight falls on the solar cell it produces dc electricity power. The dc electricity power is a
function of load current, temperature and solar insolation as shown in (1).

P, = f (solar insolation, current, Temperature) (0]

From (1) it is clear that the power output is directly proportional to temperature, insolation and load
current. The intensity of solar insolation is linear with the current output of a Photovoltaic cell. The voltage
of the solar cell reduces if the temperature of the solar cell is reduced which is in turn proportional to solar
radiation [25]. The total amount of power generated will depend on how much light is incident on the solar
panels throught out the day. In Figure 2, the PV cell equivalent circuit is shown which consists of series and
shunt resistance (Rs & Ry), a current source Iy, and a diode.

The PV module parameters are listed in Table 1 as shown below. To achieve rated power and
voltage for air conditioner application 20 moudules are conncected in series i.e rated power 200W and rated
voltage 360V.

The photovoltaic cell approached by non linear characteristics as one diode model is given by
following equations:

(V+IRg)
I'= Ippoto — 1o (exp 252 — 1) — 1, #)
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Rp = Rp,dark . e—aE (3)

The PV module voltage and current characteristic are described as

SV+IR
I'= Ipnoto — lo (exp™ & — 1) — 1 (4)
Iphoto R, I Table 1. Photo Voltaic Module Parameters
> Parameters Ratings
I Rated Peak power, Py, (Watt) 10
\ lo RBr Open circuit voltage, V. (V) 215
\ Re | yag, v g’ Short circuit current, Iy (A) 1.0
§7 s Voltage at MPP, Vi, (A) 18.1
Current at MPP, Impp(A) 0.75
Series connected cells, N 36

Figure 2. Equivalent circuit of solar cell

2.2. MPPT Tracking Algorithm for the Proposed Topology

The solar energy from the pv panel is stored in dc link capacitor. The dc voltage stored in capacitor
is converted in to 3 phase ac voltage by voltage source inverter. The new topology as shown in Figure 3 was
used for testing the novel mdofied adaptive constant voltage MPPT algorithm. The voltage source inverter
acts as buck converter circuit. The capacitor do not allow sudden changes in voltage therefore the voltage to
the bldc motor is maintained constant. But to track the mppt power, in the algorithm the voltage is varied as
Vref = Vref + (i * step) i.e with a step value of 0.25 V when insolation suddenly increases the current from
panel is also high, as the capacitor allows sudden changes in current, the extra current is feed forwaded to the
bldc motor driven air conditioning system to produce cooling. As shown in Figure 4, when the solar
insolation is 500 W/m2 the MPP point remains at point A. When insolation suddenly increases to 1000 W/m2
the new MPP point to track is point B. Without any control mechanism like constant voltage operation the
capacitor starts building the voltage and current instantaneously PV voltage and current. So faster MPPT is
achieved as this mechanism works faster with proposed topology.

Peak current with slope compensation is incorpated in the proposed topology to make the proposed
algorithm to work faster compared other techniques implemented. The sudden change in PV current is
measured and is fed to the current controller in the feed forward path of the BLDC peak current controller.
This PV current feed forward technique along with peak current control for BLDC motor also acts to make
the MPPT tracking faster.

The flow chart for the MACV MPPT method is shown in Figure 5. As the final step the “modified
constant voltage MPPT algorithm” achieves the final MPPT tracking using perturb and observe method,
which is rather slow when compared to the first two mechanisms. As the change in voltage is checked if it is
greater than zero then Vs = Vier + 0.25 otherwise if the condition fails then the reference voltage is
decremented as follows Vet = Ve - 0.25.Finally if Vet > Viemmax if the condition is true then the voltage Ve =
Vrefmax-

PY Panel
T e

Rulteh
1

L
[ T

q
Il

Yoltage source
Cwv

Fiure 3. Tracking of MPPT with buck circuit
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Figure 4. Trajectory path in tracking MPPT power with capacitor
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Figure 5. Flow chart of MACV MPPT algorithm
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3. RESULTS AND ANALYSIS

An efficient and novel proposed modified adaptive constant voltage MPPT algorithm PV array fed
air conditioning system in order to verify and illustrate the advantages was simulated by MALAB/Simulink.
In this environment, the proposed system was simulated at 25°C temperature and by varying the solar
radiation from 500 W/m? to 900 W/m? over a time interval of 0<t<1 sec, the proposed system was fast and
accurate in extracting maximum power from solar panels. The dc link voltage of the capacitor is converter to
three phase voltage by proper switching of VSI inverter. The pulses for the VSI inverter is generated by
voltage and current controllers. By means modified adaptive constant voltage MPPT algorithm low cost and
higher efficieny and faster tracking of MPP point is achieved. The matlab graphs displaying the speed,
torque, stator back emf, motor phase current and variation of solar insolation are shown in Figure 6(a), (b),
(d), (e) respectively.
Figure 6(a), (b) shows the speed and torque of the BLDC motor at 700 W/m? solar insolation the values are
100 rad/s and 1.2 N-m, and stator back emf in phase a, at 1000 W/m? solar insolation and time interval
between 0.2<t<0.4 sec is 110 volts and the stator current in phase a, the between time interval of 0.2<t<0.4
sec for 1000 W/m? insolation the value is 0.75A and between time interval of 0.4 <t < 0.6 sec at 600 W/m?
solar insolation the value of stator current is 0.5A.

The simulation results displaying the PV panel current, PV panel Power, Tracking of MPPT power
and PV panel voltage are shown in Figure 7(a), (b), (d), (e) respectively. Figure 7(c) shows tracking of MPP
for proposed modified adaptive constant voltage MPPT algorithm at different insolation levels for 500 W/m?,
600 W/m?, 700 W/m?, 800 W/m? and 900 W/m? the tracking of MPPT power is fast and the actual power is
equal to reference power actual power. Figure 7(a), (b), (d) shows the PV panel current, power and voltage
and the values are 0.35A, 140W, 360V which meets the BLDC motor air conditioning system and these
values are observed at 700 W/m? solar insolation.

107

~
T

Torque (N-m)
:

L I I I I I I
L I I I I I I 0 041 02 03 04 05 0.6 07 08 09 1

Time (seconds)

(@ (b)

T T - i
0'5 I “ |‘
0 0
05 I‘
A5k . ! . ! ! ! 3 0 04 02 03 04 05 06 07 08 09 1

© (d)

1000 - —

Figure 6. (a) speed of motor, (b) Torque, (c) stator back emf, (d)Motor phase current,
(e) variation of solar insolation
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Figure 7. (2) PV panel current, (b) PV panel Power, (c) Tracking of MPPT power, (d) PV panel voltage

4.  CONCLUSION

In this paper a solar PV array fed BLDC motor driven air conditioning system with modified
adaptive constant mppt algorithm has been proposed. The topology presented without conventional dc dc
converter there by reducing overall cost of design and minimizing high frequency switching losses and faster
tracking response. The tracking of MPPT power point is fast for dynamic changes in solar radiaton. The
simulation results for the proposed topology and MPPT algorithm was good even under dynamic changes of
solar insolation.
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