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Abstract

In increasing demand of non-renewable power source, renewable power generation is create
impact on power demand. PV (Photovoltaic) source is having notable merits such as noiseless,
pollution free and high efficient power generation over wind power generation. This paper
proposed a sensor less vector control of Brushless DC (BLDC) Motor using space vector Pulse
width modulation generation. Photovoltaic power sources is used for supplying power for
brushless DC drive and power generation capability of PV (Photovoltaic) is improved by fuzzy
logic based maximum power point tracking scheme is proposed in this paper. Proposed MPPT is
a modified form of incremental conductance and its overcome demerits such as extraction in
local area, extended commutation time of solar array. The control and estimation of parameters
are effectively derives in proposed vector control scheme without need of additional loops. The

enhanced of proposed scheme is implemented using MATLAB/Simulink results.

Index terms: PV (Photovoltaic system), Two-diode PV system, MPPT (Maximum Power
Point Tracking), Fuzzy MPPT (Fuzzy based IC), VSI (Voltage Source Inverter), Sensor-Less

Vector Control
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Introduction

Increasing of energy demand in a world, renewable power generation is a best and
suitable alternative power source. So many analyses are carried out to development of
renewable source in literatures [1]-[3]. Photovoltaic system is a suitable system in renewable
generation which wind power source and fuel cell power sources [4]. The photovoltaic
system is having notable unique merits which pollution free in nature, less maintenance, high

efficient power delivery and noise less power generation.

The most common photovoltaic system is single diode photovoltaic system [5], [6]
because it has a perfect relationship between voltage and current and simplified structure.
Even though the single diode based photovoltaic module is having merits but computation

time is large and iteration speed of parameters is been considered.

The two diode scheme is implemented for increasing efficiency, processing of iteration speed
and reducing of computation time while comparison with single diode based photovoltaic system
[7], [8]. The topology is proposed that two diode photovoltaic system with having high
efficiency, simplified structure and neglecting series/ parallel resistor. Photovoltaic performance
and its characteristic is varied by temperature variation, solar irradiation and output power so
parameters of saturation current I, series resistance Rg, shunt resistance Rsy , photovoltaic
current Ipy and ideality constant A . The most common photovoltaic system is single diode
photovoltaic system , because it has a perfect relationship between voltage and current and
simplified structure. Even though the single diode based photovoltaic module is having merits

but computation time is large and iteration speed of parameters is been considered.

Photovoltaic system is a suitable system in renewable generation which
wind power source and fuel cell power sources [4]. The photovoltaic system is having notable
unique merits which pollution free in nature, less maintenance, high efficient power delivery and

noise less power generation.
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A maximum power point tracking is introduces to extract power from photovoltaic
system by varying condition of irradiation and temperatures. A fuzzy logic based MPPT
(Maximum Power Point Tracking) is presented for proposed two-diode photovoltaic system.
This is modified form of incremental conductance scheme and reached high power extraction

over classical MPPT topology.

This paper is presented a two-diode photovoltaic system is fed with BLDC (Brush
Less DC) Motor Control. Fuzzy logic approach is used to improving efficiency of maximum
power extraction in Two-diode photovoltaic system. Brushless DC Motor is effectively
controlled by presented sensor-less vector control using space vector Pulse width
modulation scheme. An angle and speed reference estimation greatly derived by presented
vector control scheme without need of additional loop. The performance of presented

topology is verified by using MATLAB/Simulink result

Photovoltaic system

Ipy Iy \
Iy

Fig. 1 equivalent circuit for two diode photovoltaic system

From the Fig.1, two-diode model the current equation can be represented in equation (1)

accordingly;
g V+IRs g V+IRs
[=1Ipy — exp KT -1 —lpz exp prn —1 — V+IRs /Rsh 1)
A1
NS s 2
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Where;
q - Electron charge (1.6 x 10—19C)
K - Boltzmann constant (1.38 x 10—23Nm/K)

T- PV module temperature in Kelvin

Ip1 - reverse saturation current of diode 1

Io, - reverse saturation current of diode 2

A, -diode ideality constant of diode 1

A, - Diode ideality constant of diode 2

Ipy - Light generated current of PV module in amperes
R, -series resistance of PV module

R, -parallel resistance of PV module

N, - Number of PV cells connected in series.

I- PV current (A).

A mathematical model of the PV module is constructed by using five parameters, such as

reverse saturation current ( I, ), photoelectric current ( Ipy ), series resistance ( R ), shunt
resistance (Rgp, ), and ideality constant (A), are required to be calculated its magnitude of Iy, is
found that nonlinear equations (5) and some of the parameters are assumed arbitrarily, since

required to reduce the number of unknowns. A two diode model is attempt to reduce
mathematical computation time and complexity, the proposed model has reduces the series and
parallel resistances [9],

I=IPV_101 exp qV -1 —102 exp qV -1 (2)

NsKTA1 NsKTA2
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Ipv, lo1, lo2 , A1, Ay are unknown parameters to be found in pv model respectively. Iy, is
derived from Iy, ; however the further unknown parameters are estimated. Those are determined
from the constructed datasheet, which is obtained below. PV current (Ipy ) can be derived from
in terms of a short-circuit current under well standard test conditions (STC) in which the PV cell

surface irradiation and temperature are 900W/m2 and 300 K by (3), consider variation of

temperature and irradiation. Ipy Has a linear relationship to irradiation (G) and short-circuit
current (Is. ) [10], and which can be follows as

here Isc is the short-circuit current under STC, AT is the temperature difference between
module temperature (T) and the STC temperature, K is called short-circuit current constant and
this is preferred from the datasheet, G is surface irradiation, and GSTC is the surface irradiation
under short-circuit current. The equation to describe the saturation Where K, is called voltage
temperature constant and the value is taken from data sheet, and V,is

the open-circuit voltage. it can be describes as equation (5)

TABLE |

ESTIMATED PARAMETERS OF THE PROPOSED MODEL

S =1000 W/m2 T =250C
Parameters | I(A) | V(V) | T(0C) | V(V) | S(W/m2)
1 3.1 (215 |00 24.6 | 400

2 3.2 [ 229 | 250 24.7 | 600

3 3.3 (248 | 500 |24.8 |800

4 34 |26.5 | 750 24.9 | 1000
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The calculation of ideality factors A1 and A2 values and drawing in 1-V curves and the
model is simulated in the MATLAB environment. The intelligent and simplified two-diode
model of PV array -V curves and p-v curve should be validated for different temperature(°C)

and irradiate value.

The calculation of ideality factors Al and A2 values and drawing in -V curves and the
model is simulated in the MATLAB environment. The intelligent and simplified two-diode
model of pv array I-V curves and p-v curve should be validated for different temperature(°C)

and irradiate value.
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Fig 2. 1-V curves of two-diode model for constant S=1000W/m2 irradiation level, different

temperature.

From Fig.2, performance of the two diode modeling I-V curve should draw between
different temperature variations, constant irradiation S=1000W/m2 illustrated. The temperatures

examined are 25°C, 50°C, and 75°C, respectively. Ideality factor constants
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are major parameters that can able to affects the performance of a PV setup. Ideality constant
factors are calculated by using a simple iterative matching algorithm, which is shown in
Fig.3.Short-circuit current of the PV module is not changed by constant Ideality

factor(A;A,).whereas , the open-circuit voltage varies linearly with ideality constant[11]-[12] .

Proposed MPPT (Maximum Power Point Tracking) Algorithm

In this chapter, fuzzy logic based Maximum Power Point Tracking (MPPT) technique is
presented for improving photovoltaic generation. This is a modified form of incremental

conductance algorithm.

[i]. MPPT (Maximum power point tracking) using fuzzy logic scheme

The maximum power point tracking is implemented using fuzzy logic scheme to introducing an
advancement of maximum power point tracking control. The photovoltaic system was tested
under different irradiation level 100 m?to 1200 m? . Maximum peak power is located at

particular region alone but in voltage of optimal working is classified into four types (N for N

string level). The old approach of perturb and observer method and incremental conductance
method is track or perform with in local area or region. The given enhancement of fuzzy logic
based MPPT (Maximum Power Point Tracking) is presented in this approach for improving
photovoltaic power generation over P&O (Perturb and Observer) and IC (Incremental
Conductance method).Aim to achieve good performance in generation a fuzzy logic scheme is
been initiated in incremental conductance algorithm to increase in performance. Control system
is tested in two-diode photovoltaic system. The rules derivation is based voltage, current under
various irradiations, temperature in average 40° and data given in data sheet. The buck boost

converter is used to implement MPPT (Maximum Power Point Tracking) using fuzzy logic

approach is shown in Fig.3.

The duty cycle is calculated for present MPPT approach is given as
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Vier = € —0.5 Vpc.STC (13)
Dref = Vout /Vref (14)
The flow chart given for proposed MPPT scheme given in Fig.7 for two-diode photovoltaic

system as follow by

Initialization: initiate value calculated duty cycles references D, and old and sudden changed

value of power for P,;; and Ps,gqen  respectively.

Fuzzy rules generation: drive a V-l curve for each irradiation level condition and calculate
MPPT for each irradiation and temperature level, output of this applied to fuzzy logic control to

generated rules for this scheme with respect photovoltaic system power conditions.

Caleulate £(k) by I(k) and V(k)

for I, (t) wherei=1.2 3.4

Use of fuzzv logic to estimate MPP for

optimal voltage

Calculate initial voltage of IC
(Incremental Conductance method)

using Fuzzy logic scheme

i

Track MPPT using Incremental
Conductance Method
1
Sudden change in irradiation level

Fig.3 proposed MPPT (Maximum Power Point Tracking) method using Fuzzy Logic scheme

Speed control method using Vector control topology

The presented voltage source inverter controller is generating reference signals by comparing
with positive sequence of supply voltage with load voltages is shown in Fig.4 Supply voltage

Via, Vip, Vie Is transformed as d — q — 0 using transformation method as given by equation
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(15) and (16).

1 1 1
- 2 27 2
Trans = 2 3 sin wt  sinifwt — 2 3) sinfwt + 2r 3)
cosifivt) cos(wt — 2T 3) cos(wt + 2r 3)
1 sinf{iwt) cosifwt)
- 2
1 sinffot — 27 3)  cosifwt — 27 3)
Trans™ = 2 3 2
L sin(wt+27 3) cos(wt+ 2r 3)
2 Via
Vio
] P]_.ﬂ’ia
ot Vza1 VI;&il Vie
LR )
wt v —+ P1
Fras |V . V17| pwar
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(15)

(16)
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Fig.4 Proposed controller circuit diagram using vector speed controller
A rapid voltage Viq4,V;,is having both oscillation elements V;4, Vi and mean elements Vg, Viq
with respect to unbalancing utility grid supply and harmonics condition. The same rapid voltage
Via, Viq is having negative sequence components and harmonics occurrences on distorted supply
voltage conditioS_N. Positive sequence is occurs on mean value of elements and zero sequence
is occur on unbalancing voltage condition. One of rapid voltages V;q4 is consists of mean value

and oscillation components is given by

Via =Via + Vig (18)
The reference voltages on load side V;,151.1 are calculated is given by
V,Lal Vi
V'ippw =Trans™ V; (19)
V’Lcl Vi

Inverse transform calculation is described on (20) is applying by mean components across supply
voltage and wt in proposed speed based vector control. Direct axis of positive sequence

components voltages is calculated by low pass filters which is presented on controller circuit is
shown in Fig.8. In equation (17), zero sequence components and negative sequence components
becomes zero for control and overcoming an unbalancing, distorted and harmonics on system. A
sinusoidal pulse width modulation is generated by comparing generated reference signals

V' La1,1b1,.c1 With load voltage Vg1 151 c1-

Direct axis references current is calculating by comparing reference speed w,.r and actual
speed wq and given to speed control (Pl control) to smooth and eliminate peak overshoot
and gives a controlled direct axis current i, as an output. The output waveform is described by

following mechanical equation [13]

dor _ 1 T —T —Bw
dt : e m r
Where, j is inertia of motor, B is viscous coefficient, T,, is a mechanical and T, is an
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electrical

torque.

ulation

A simple space vector based pulse width modulation scheme is introduces

for controfling IBGT on inverter using reference voltage generation is shown

in Fig.5 cpn be represented by switching states. Switching states are defined

by torque arror and flux errors shown in Table-1 and Table-2.

c
e Table 1. Switching State for proposed inverter configuration
Vi
Leg A Leg B LegC
e
S1 S4 Van S3 Se Vin | Ss Sz Ven
ctate
1 on off Vy on off Vy on off Vy
0 O] off on 0 off on 0 off on 0
F
Table Il. Switching State for proposed inverter configuration
p __
Switching state
Space vector ON-state switch Definition
u (three phases)
I Zero vector 111 51.53. 55 V]
¥ 000 S:,56.5;
S Active vector W = 0
e v 100 51, 56,52 1= Vae
y 110 51, 53,52 1=qv383
v
= E\ME‘ZTT(
W b 010 54.53,5; 3
i Sl
d v 011 54,53, 55 3
= 2\-&1!3‘%1
t ¥ 001 S, 56,55 ,
h =lue®

Voltage state is derived from a and P reference frame below [14].

2

y

101

51.56. 55
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Va

Vg

iB

Fig. 5. Space vector diagram for two level inverter

By equating the real and imaginary parts derived by,

2 2m 2T

= (Vo +cos__ _
3 Vp + cosV. 3

3
2 2T 2T

=3 0V, +sin  V,—sin V.

2 1 cos cos

. W (21)

. 2T
Sin
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3 3

The proposal of space vector modulation used to improved brushless DC Motor performances

such as speed and current via vector control loop. Space vector modulation is interacting with

vector control loop which phase lock loop circuit, park transform/park inverse transform, speed

regulator using PI controller.

Simulation result and discussion

The presented scheme of two-diode photovoltaic fed Brushless DC Motor control is

implemented using MATLAB/Simulink software to verify the performance of presented

topology. Speed based vector control is presented to control of motor parameters even at load or

power supply variation occur. Simple space vector based pulse width modulation is giving a

better motor performance and also improving proposed control by interacting with control loop.

Table | parameters for Two-Diode photovoltaic system

Evocera KC200GT for Two-Diode photovoltaic system
Parameters Value
8.20
I:(4)
32.90
Voe (V)
7.61
Tonw (A)
26.3
Vo (V)
[,1(4) 5.0122x 1074
[2(4) 1.208x 1075
17
Iev(4)
Al 1.7
A2 25

The two-diode photovoltaic system is designed using parameters given in Table | for applying

voltage source inverter as an input supply via buck-boost converter system. And proposed
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system is designed using parameters given in Table I1.

Table 11 Parameters for proposed system

Parameters Value
PV (V) 200
MPPT (V) 600
INV(V)AC 600
RL 300
Inverter frequency (f) 1kHz
Load power 500W
duty cycle for buck — boost 0.5
Buck-boost converter frequency (f) 25kHz

The given merits are proved by implementing proposed configuration as given in Fig.6 and

performance waveform given in Fig.7 for photovoltaic system using fuzzy based MPPT. Motor

performance is obtained and given in waveform in Fig.8 using parameters given in Table I11

Parameters Value
Nominal Power (W) 200
Voltage (V) 600
Frequency (f) 600
R, 2.8750Q
Lg 8.5mA
Rotor flux linkage 0.18Wb
Pp 4
J 0.0008 kg.m?
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—

Fig.6 simulation implementation circuit for proposed configuration
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(b)

Fig.7. photovoltaic performance: (a) Photovoltaic current (A) (b) converter load
voltage (V)
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(©)

TN NN, ]

(d)

Fig.8. Motor performances: (a) Load current (A) (b) Load voltage (V) (c) Electromagnetic torque
(d) Rotor speed (RPM)

Conclusion

This paper is proposed that control and operation of Brushless DC Motor control using speed
based vector approach. Two-diode photovoltaic system is implemented for power supply and
fuzzy logic based maximum power point technique for improving performance of photovoltaic.
Commutation speed and efficiency aspects two-diode photovoltaic module is presented in this
paper and also giving continuous power supply to Brushless DC Motor. BLDC (Brushless DC
Motor) performance is controlled in both high power and low power supply with respect to
photovoltaic conditions. The proposed speed based vector controller is implemented for

smoothing brushless DC Motor performance in speed and current characteristics. A simple space
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vector modulation is given in control unit to improving vector control performance with respect
to load conditions. The proposed circuit and control configuration is implemented using

MATLAB/Simulink software and performance is greatly improved by obtained results.
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