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ABSTRACT

In the world, optimizing energy and finding new sources is important because of
the increased consumption that occurred in all aspects of life. Nowadays, the world
suffers of the reduction in the fossil fuel continuously. One solution to this problem
is the sun and the photovoltaic (PV) cell. To get the benefits of PV, the DC/DC
and DC/AC converters and inverters are combined in one set to get the better usage
of these capabilities. Induction motor (IM) is the horsepower in the industry and
will be considered the load in this work. The DC/DC Converter is used for control
of IM speed in combination with maximum power point tracking (MPPT).
Temperature and radiation change constantly over time, and the maximum energy
should be tracked. This follow-up was performed using Incremental Conductance
method (INC). INC is control buck-boost duty cycle converter. We get the best
performance in INC technology and have less effect on the system. This algorithm
uses INC of the MPPT to control half of horse power of IM. The sine pulse width
modulation technique (SPWM) is used with three level inverters. Simulation on the
Three-phase proves the efficiency of the suggested technique.

© 2019 TJES, College of Engineering, Tikrit University

DOI: http://doi.org/10.25130/tjes.27.3.02

Al ab] adi A lsd aladiuly Lwaddl LAY aa Aol & jaal) de pu (B asadll

& Y Saa gl ARy o ddai) g ASUAM

1y S5 el / i) LIS/ 560 Aatigl) and /2 pane i e

(s sl Lo o 0 malal / YL 5 il sheal Lo b 565/ 0 (i ) ¢ o S5 Al / i) SIS/ 5o Rl i 200 o s il
gl / SUST /el 5l sl (8 L 5 53S0 53 5103 a8l dgaall /AL 5eSU) Asigll and /3alia (e plIS

LAl

Aladl ey ¢ pualall Cd gl & Bball (il s anan (8 Caan (53l Sl LY ey g 130l B aliaa alag) 5 48U (s ey calladl b
Y e mad oy (A gun g oS AR ) 8 e J sanl] A gum g oS AR 5 el g Al 038 Jla aal ) paiuly 5 5881 3 8 ) (mldsil e

*Corresponding author: E-mail: eng.omernafaa2016@gmail.com


http://www.tj-es.com/
http://doi.org/10.25130/tjes.27.3.02
mailto:eng.omernafaa2016@gmail.com

Omer N Mahmmoud, Khalaf S Gaeid, Assad F Nashi, Khadim Moin Siddiqui/ Tikrit Journal of Engineering Sciences (2020) 27(4): 8-16.

«ﬂ);.d\ &\JM\ odgl d.-.aﬁ‘y‘ f‘@y‘écdjmaﬂﬁhbicw‘_gu&ub G liial) JL"‘M/J'“"““J\ JL}ﬂ\ OY saag J.AL.M” J\.ﬁtﬂ\/)dumﬂ J\:‘ﬂ\
@L#\QM\&)“@MM‘)w‘/M‘)w‘dP(’Md“’d\ \&@M\b)ﬁp\éy}k@\&@w\ﬁjﬂ\}h#\
ATl Aaliall 038 o) ja) a5 saall A8 wi Cang 135 (gl )5 yan ) painly g ladYl s 5l all Aa o e A8 Akad o aadY) aal)
oo i) L ) 935 8 ool Juadl e s agall adl 1) (adlald) Jasall Qa5 538 da A oSai gl 53l Jaasa i) 4y yha sl 53 Qs ) 43y 5
A 5 Glan (i 3l 53 Jall @ jaall b aSaill (5 geail) 28U 3l il (o) i) Qo sl g ) 53 aniis allaill e J81 53l 45l g o) 530

A il Gl 5o liS |l 5 sl @ el e slSladll

. e .

1. INTRODUCTION

Life-style development begins with maintaining
power generation. One strategy to do that is the sunlight
and the semiconductor materials capacities to convert the
DC sunlight into useful power used in the industry,
domestic and military purpose through Photovoltaic (PV)
implementation system [1]. MPPT technologies are
categorized according to speed, digital or analog, sensors,
simplicity, cost and many other parameters [2]-[3].
Control doubly-fed asynchronous generator
electromagnetic torque with different loads with the
MPPT [4].

The Benefits of photovoltaic panel are reduction of
the pollution, green energy, lower cost and maintenance
due to unmovable parts found in PV panel [5]-[6]. MPPT
with Split converter for IM isused in [7]. In [8], improved
INC technology it is found that it quickly detects
increased radiation and makes the right decision, ignores
the approximate value of steady-state fluctuation,
reduces energy loss and has a high efficiency. INC
technology is more efficient and provides fast tracking
speed for MPPT for PV [9]. Combining the INC and the
PID algorithms in [10]. The algorithm can monitor the
MPP point easily, the fluctuation is quite a small
combination of switched reluctance four-phase motor
drive with split converter for both DC and AC source to
charge [11].

As is known, it is affected by the energy extracted
from the solar panels strongly on three factors: the
radiation levels, ambient temperature, characteristics of
the pregnancy [12]. In general, photovoltaic systems
were designed to produce maximum available energy

regardless of radiation density and temperature
impedance to pregnancy determines the energy produced
by solar panels and can be a DC payload with batteries or
without it. When we connect solar panel directly to the
load, the point will be off the system when the point of
intersection of the curve I-V with Load Line, which may
not be at the maximum point of energy, leading to energy
loss. In order to improve the output power of solar panel
and overcome these limitations, DC-DC converter is
embedded between the load and solar panel [13].

In order to optimize the use of solar energy, the PV
must operate at point power in maximum. There are
many techniques for MPPT that have been mentioned in
the literature [14], like incremental conductance (INC),
perturb and observation (P&O), open-circuit voltage
(OCV), short-circuit current (SCC), fuzzy logic and
neural network.

When INC is applied with rapid changes in weather
conditions, the oscillations across M in INC are much
lower compared to P&O [15]. This article discusses the
results of the proposed system, which consists of PV
modeling, MPPT algorithms and IM speed control.

2. MPPT ALGORITHMS

The MPPT algorithm is used to improve energy
efficiency in the PV system [16]. The DC is obtained
directly from the PV panel, as mentioned earlier. Using
an inverter [17], the power should be converted to AC.
The ability of PV to drive the DC or AC loads can be
explained in Fig. 1.

Fig. 1. The grain-size distribution curve.



The on-line, off-line and hybrid techniques are the most
main MPPT schemes to ensure better operation of PV

MPPT
methods

systems. Fig. 2 illustrates the classification of MPPT
methods.

Offline Hybnd Online
method method method
Open circuit Short circuit Artificial Perturbation and Extremum seeking Incremental
voltage (OCV) current (SCC) intelligence observation (P&0) control (ESC) conductance (INC)

Artificial neural
networks (ANN)

Fuzzy logic
Controller (FLC)

Fig. 2. Classification of MPPT methods

There are two main MPPT online methods [18], the
methods are incremental conductance (INC) [19], and

Perturbation and Observation [20]. This work used INC
method it's shown in Fig. 3.
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Fig. 3. PWM generation technique

The INC principle is based on the premise that the power
derivative on voltage derivative of PV output equals zero.
The output of this algorithm is almost efficient under
rapid switching conditions, MPP approaches to the left
when PV radiation is reduced. In terms of performance,
this technology is known to be one of the better
innovations, but its cost is high and its control circuit is
complex. Normally, MPPT failed to track sunlight for
many reasons. The best performance specifications of the
MPPT system are to obtain sufficient tracking of
accuracy, speed, low steady state error and high
efficiency [21]. DC-DC converters are classifying as a
Luo converter, SEPIC buck, boost, buck-boost, Cuk,
Zeta, Forward, push-pull, full bridge, and fly back
converter [22]. Two MPPT algorithms with recent
cuckoo search and particle swarm optimization used in
[23]. The operation of PV panels in the shaded
environments can lead to reduction in the power
generation output and hence the MPPT will not lead to
efficient results [24]. In [25], the advanced techniques
with control systems, books, Simulink implementation of
PV systems is given and the classical techniques as well.
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A simple comparison of the MPPT techniques may be
made in Table 1.

MPPT by INC technique the ratio of the derived PV
power in relation to the derived voltage is zero which is
given in (1) [26].
dP/dv =1
Where:

P=V*|

@)

d(V*1)/dV = 1+V*dI/dV = 0
di/dv = -I/v
di/dV=-1/V

Where:

dl, dV is the harmonic components of current (I) and
voltage (V) ripples of MPPT

I, V is the average voltage (V) and current (1) values for
MPPT
The error is measured as in (5)

di/dvV+ 1/V=o0 (5)
Then, the regulator output is the duty cycle

correction to control the system.



Table 1

Comparison of MPPT technologies

MPPT Sensed Kit (Analog Cost Convergence Complexity Efficiency
method parameters
or Digital) speed
P&O/Hill Voltage or Both Expensive Fast Medium moderate
Climbing Current
FLC Depends Digital Expensive Fast High High
INC Depends Digital Expensive High High High
ANN Depends Digital Expensive Fast High High
ovC Voltage Both Inexpensive Medium Low Low
SCC Current both Inexpensive Medium Low Low
Hybrid Voltage or Digital Expensive Fast High Hight
Current
ESC Voltage or Both Expensive Fast Medium High
Current

3. PV MODELING
PV panel modeling can be shown as in Fig. 4. This
circuit composed of current source to represent the solar

Temperature

+
27315 +

irradiation (IL). P-N junction diode is connected with the
current source. The shunt resistance array represents the
leakage current while the series resistance represents the
PN junction surface resistance..

AN~
Rs_array +

A
o

W

Rsh_array

S Diode
Rsh For 0.05*Sref|

Fig. 4. PV panel modeling.

The series PV panels are connected to obtain high
voltage and the panels are connected in parallel when
high current is needed to produce the required power

output.

The series array resistance is calculated as follows:
— *

I:QS—array - RS Nseries / N parallel

(6)
The series resistance comes from the following

1.The metal contacts resistance

2.0hmic losses in the front surface of the cell
3.Impurity concentrations
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4.Junction depth
The parallel array resistance is calculated with 0.05
compensation as:

Rp—array = O'Os*sref (7)
Moreover, it's approximately equal to changing in reverse
bias voltage to changing in reverse bias current of diode
characteristic.

Where:

S ref i the irradiance

The diode voltage is calculated as follows:
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Vaiode = va + Rslpv (8)
The diode characteristic, which depends on various
variables give it the nonlinearity characteristic is given in
(9)

laioge = lout * [EXp(Vaioge/Vr) — 1] ©)
Where:

I out is the current which flows on reverse direction when
the diode is reverse biased. It's called the saturation
current or leakage current.

V7 is the temperature voltage and it is can be illustrated
asin (10)

VT =K Tpu_cell/ qx* Nldent* cells * Nseries (10)
Where:

Nigent iS the ideality factor for a diode and it is an indicator
of the behavioral proximity of the device under test, to an
ideal diode.

q=1.6e°C is the electron charge,

K=1.38e% j/k is the Boltzmann’s constant.

The load current expressed in the (11)

s
I, = Sref *(I_ger + a* (Tyy = Trep), @ = 0.001  (11)

The voltage generated by PV cells and the current are
expressed in (12):

. Nyl,n—1I
V, = I,Rs(Ns/N)lin(1 + %) (12)

ly = Ly — I,(Exp(qVy/ kT) — 1) (13)
From (13), set V4 = 0 in the exponential expression, hence
the short circuit current can be obtained as:

I = ph (14)

The voltage of the open circuit is obtained by equating t
he cell current to zero, expressed in (15).

Voe = (KT/@)lin(P; %) = (KT /q)lin (2 (15)
In this equation the value of Iy, >> |,
The PV cell's MPP, expressed in (16):
P = L Vin = FF * I Vs (16)

where:

FF, Im, Vm is the fill factor which is the reliability indictor,
maximum current and maximum voltage respectively.
FF = Prax ! Prneoretica (17)

The PV panels can efficiently be determined as in (18):
N = Poue/Pin

(18)
Where:
Pout, Pinis the input and output power respectively
2
Pout = Pmaxw /m?) (19)

At 1.5 am, Pin = 1000 (W /m?).
4. SPEED CONTROLLERS IM

The IM motor drives received great attention in the
various applications [27]. One stage PV system with five
phase IM drive is proposed [28]. The system of PV used
makes conversion of sunlight energy into useful power
through semiconductor materials, known as PV cells
[29]. In the discrete system, a dead-beat control is use
with PWM control method to MPPT of the sunlight. Fig.
5 shows the MATLAB/Simulink implementation of the
PWM used in this work.

Comparator

R

Reference Sig [+

Half bridge

e IStates —

v
AWER
0 Full bridge
Modulator >

States to
pulse

—
—

PWM

|_4

States |1
<3

Fig. 5. PWM generation technique

The dead-beat modeling of state space of the inverter
system to estimation of the PWM duty cycle studied in
[30]-[31]. The MPPT technique with a three-phase IM
used Dc-to-Dc boost converter to control angular speed
studied in [32]. PV panel with artificial intelligence using
fuzzy logic with estimators in the pumping system
utilizing IM studied in [33]. The PV with pumping
system using MPPT with monitoring use inverter PS1200
complete set in [34].

The inverter is executed by MOSFET switches. The
inverter is controlled by PWM signal, which is generated
according to the sensor signal of the inverter. Fig. 6
shows the implementation of two control loops of
inverter its voltage control and the current control.
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Voltage control is used to control and maintain the DC
constant voltage link. Current control is used to
synchronize PV with the network. It is achieved by aid of
Phase-locked loop to control parameter of the current
and voltage for synchronization and also to keep a DC
voltage fixed with the assistance the frame of reference
(d-g) along with a controller PI, which has been tuned by
using method of Ziegler Nicholas [35]. The harmonic
sources like the renewable sources of energy produce
electric power to a load that is directly attached to the
cells [36]-[37]. The IM mathematical model in the direct-
quadrature reference frame is:
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Fig. 6. Current and voltage control loop
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10 Ly /7, o -1z |
(21)
Where:

wr, T, Ls, Lr, Lm, o, and are IM angular velocity (rad/s),
rotor time constant, the stator inductance, rotor
inductance, mutual inductance, leakage coefficient
respectively [38].

5. RESULTS
Fig. 7 shows a complete control system block diagram
for IM speed control with solar cell Using MPP. This
figure contains three main parts: input part, MPPT with
the smoothing filter and the motor drive parts. The input
part was constructed with the PV array, the irradiance and
temperature reference inputs. The second part is
consisting of the DC/DC converter and the last part is
PWM generation signal for the IM through the inverter
and the LC filter. There are measurement tools to record
the parameters such as speed, torque, currents and
voltages.

PV measumsent

M measument

olage neasurenenl

ieare

IphaseLC Mer  3phase indcton molor

Yge

Fig. 7. Simulink implementation of algorithm proposed

The output waveform of the three-level inverter without
MPPT (purple) and with proposed MPPT (red) is shown
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in Fig. 8. The output from the three-level inverter
provides 3 voltage levels +210 V, +105 V, 0 V, -105 V
and -210 V.The torque output of IM without MPPT
(purple) and with proposed MPPT (red) is shown in Fig.
9. In this figure, high torque ripples under transient
response. The torque output due to a reference of 2.5 N-
m is 2.5+5 N-m during first second. The torque of the
proposed system decreases significantly by 50 percent
between (0.25-0.75) sec to ensure improved functioning
of the IM in the steady-state region. The motor stator
current, without MPPT (purple) and with proposed
MPPT (red) is shown in Fig. 10. In this figure, the starting
current of the IM, is very large, 7 Amp for the MPPT and
9 Amp without MPPT. The transient response reaches its
reference of 1.5 Amp within 0.75 sec for the proposed
algorithm and 1.25 sec without MPPT

600 T
WW ’ e 0 Wilhout MPPT Algorithm by ING Method with different iradiations
400

0] Il

0

Voltage(volt)

-200 l |

400 | 1 !
0 05 1 15 2 25

Time(sec)
600

e \fal) Using MPPT Algorithm by INC Methoc with different imadiations

~
=2
i<

<

Voltage(volt)

200

1 |
05 1 15 2 25
Time(sec)

Fig. 8. Inverter voltage with three levels

&
8

The motor stator current, without MPPT (purple) and
with proposed MPPT (red) is shown in Fig. 10. In this
figure, the starting current of the 1M, is very large, 7 Amp
for the MPPT and 9 Amp without MPPT. The transient
response reaches its reference of 1.5 Amp within 0.75 sec
for the proposed algorithm and 1.25 sec without MPPT.
The rotor current for both cases is shown in Fig. 11. The
IM rotor current during operation to reach the rated
current of the motor 1.5 Amp within 0.75 sec for the
proposed algoritm and 1.25 sec for the system without
MPPT.

= Torque vithout MPFT Algaritm it diferentisiations

15 2 25

Time(sec)

s Torgue Using MPPT Algorithm by INC Method with dfferent irradiations

5 1 1 1 I
0 05 1 13 2 25
Time(sec)

Fig. 9. The induction motor torque
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Fig. 12 shows the output speed of the IM to follow its
reference speed of 1440 RPM for the system without
MPPT (purple) and with the proposed MPPT (red). When
the IM is started the speed increases gradually and this
gradient remains at time 0.75 sec and at time 0.75 to 2.5
sec the IM speed is fixed at 1440 RPM for the proposed
algorithm. At 1.25 sec IM is fixed without MPPT.

[t witout WPPT Algoritvn ith cifferent iraciaions

Current(Amp)
b & b o @ o«

L L 1
15 2 2!
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Fig. 10. Induction motor stator current
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Fig. 11. Induction motor rotor current
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Fig. 12. Induction motor speed
Fig. 13 shows the reference irradiance values. The
reference value starts from the value 1000 W/m? for 0.6
sec, then decreased to 400 W/m? between 1.1-1.2 sec, and
settled with 1000 W/m? at 1.7 sec.
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Fig. 13. Different irradiance values

Fig. 14, illustrates the different temperature values
starting from 30°C and it continues to 2 sec, then changed
25°C to check the proposed algorithm against the
temperature variation. Fig. 15 shows the power and
current curve versus the voltage for the PV panel while
applying the MPPT algorithm for different radiation
values of 200, 400, 600, 800, 1000 W/m2. MPPT varies
with the difference of radiation. The PV current
corresponds to the ratio of immediate radiation to
radiation in standard test conditions. The lower the solar
radiation gradually, the lower the energy of the PV output
due to the direct correlation between PV power and
radiation

£

5
2 1 -
3 ‘ i T
§
30F 1
g
3
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s ,
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Fig. 14. Different temperature values
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Fig. 15. Current and power vs voltage

6. CONCLUSION
Simulations were performed at MATLAB and the
findings were analyzed. The proposed system is
controlled using a control strategy using the MPPT INC
algorithm to extract the maximum power from the PV
panel and SPWM technology and to control the three-
phase IM speed using the voltage/frequency approach.
As a result, the voltage source inverter adjusted the
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terminal voltage such that the voltage / frequency ratio
remained the same. The maximum torque was observed
to remain constant across the range of speeds. INC have
a good capability to track MPPT, Also, less transient
response time, that is, the IM stability was faster. And the
ripple in speed is lower. The design proposed therefore
increases both the efficiency of the PV source and the IM
by using inverter on three levels.
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