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Abstract— In today’s era use of induction motor is gaining much more attention in consumer and industrial applications. 
The three phase representation of this machine provides an option for variable-speed applications. By adopting Variable 
Frequency Drives, torque and speed can be controlled in ac motors. Moreover, speed control can also be achieved by varying 
flux and torque independently thereby incorporating field oriented control. In this paper induction motor is being fed from 
the multi-junction photovoltaic system. Maximum power is extracted from the multi-junction solar cell by using incremental 
conductance which is a method to track maximum power. The output of multi-junction solar cell is boosted using a boost 
converter. The fast Fourier analysis of the boost converter output is done and the results are provided. 
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I. INTRODUCTION 
 
The major benefit of non-conventional source of 
energy is its endless availability in nature. It is the 
type of energy which is clean, free from pollution and 
hence requires lesser maintenance than the non-
renewable sources of energy. Solar is promising 
source of renewable energy that has extremely low 
operating cost when compared to already existing 
power generation technologies. This is the type of 
energy which converts the sun’s light energy into 
electricity. Although the out-put of the photo-voltaic 
system is very low, the technological development in 
the photovoltaic (PV) systems has amazingly 
increased the out-put of the photovoltaic system from 
few watts to many megawatts. This incredible change 
has been possible due to the superior power electronic 
technology. To track the maximum power point of 
the photovoltaic system many maximum power point 
techniques (MPPT) are employed. In this paper the 
method used to track the maximum power point is 
incremental conductance. 
Efficiency is generally the prominent factor while 
selecting the photovoltaic system. The selection 
should be based on effective cost and many other 
factors. The efficiency in electricity generation 
signifies the amount of electrical power a solar cell 
produces for a given solar irradiation. The factors that 
influence the efficiency of a PV cell are current, 
intensity of light, temperature, etc. The most capable 
kind of solar cell today is a multi-junction solar cell 
having an efficiency of about 45.0%. These cells are 
composed of multiple semi-conductor materials of 
several energy band gaps. Such a constructional 
feature of these cells make them to react to  several 
wavelengths of light that are captured and 
transformed which or else would have been lost. 
In this paper 20 such triple-junction solar cells in 
series have been modelled mathematically. The 
output is fed to the boost converter that steps the 
voltage up to a value that could meet the load. The 

load used here is induction motor. The supply is fed 
to it by means of a three phase inverter. The control 
technique used to control the speed of induction 
motor is field oriented control (FOC) that has the 
ability to control the speed by varying torque and flux 
independently in two-coordinate system. The output 
of the boost converter is analyzed using fast Fourier 
transform (FFT) in matlab. Also, total harmonic 
distortion (THD) is also discussed while obtaining the 
results.  
The paper is structured as follows: In section 2 the 
related work has been presented and based on that it 
may be said that the speed control of induction motor 
using field oriented control is an efficient way of 
speed control when it is fed from the multi-junction 
photovoltaic system and in the future will find 
enormous applications in the field of engineering. In 
section 3 problem formulation and proposed 
methodology is discussed. The simulation results are 
illustrated in section 4. Finally, in section 5 
conclusion and future scope has been presented. 
 
II. RELATED WORK 
 
2.1 Multi-junction Solar Cell 
Currently renewable sources of energy are realizing 
worldwide concerns as the consequence of the 
climatic changes and the growing requirement for 
energy [2], [9]. Out of all renewable energy resource 
it is solar energy which is gaining abundant 
importance as it is always available, pollution-free 
and never-ending source of energy. The best way to 
make use of solar energy is by employing 
photovoltaic technology [1]. The solar energy has a 
great potential to generate power and in this regard 
photovoltaic is playing an important part to make the 
most of solar energy for generation of electricity 
globally. It is the efficiency of the solar cell which is 
growing this technology speedily [2]. The efficiency 
of the mono crystalline Si solar cell has increased 
from 15% to 28%. 
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Nowadays highly efficient multi-junction solar cells 
are employed in many applications. It is the 
superiority and the outstanding efficiency of these 
cells with which they are gaining attention in 
concentrated PV systems. These cells are capable of 
converting a huge amount of sun’s energy into 
electrical energy at much greater efficiency and hence 
differ from the traditional PV cells. The key feature 
for the improvement of a PV system is the 
concentration of light. I observed that highly efficient 
muti-junction solar cells find their use in terrestrial 
applications when exposed to high light 
concentrations and in space application under low 
light concentrations [4]. It is estimated that these cells 
have an incredible efficiency of more than 40% [3]. 
In this paper a triple junction solar cell has been 
modelled. The model comprises of 20 triple junction 
solar cells which are connected in series. The effect 
of the varying temperature and solar irradiation on the 
energy gap of each cell is seen. Moreover to extract 
maximum power out of PV system incremental 
conductance technique has been employed. 
 
2.2 Incremental Conductance Method 
It is a well-known fact that the output of the PV cell 
depend on many factors like temperature, irradiation 
etc. One of the important parts of a PV system is 
locating the maximum power point tracking of a PV 
array.  In order to have a maximized output various 
MPPT techniques are employed [5], [6].  These are 
constant voltage, perturbation and observer, 
incremental conductance, fuzzy control, neural 
network and so on. All methods have the capability to 
locate the maximum power point that maximizes the 
use of solar energy [5]. These methods have pros and 
cons. On comparison I observed that the incremental 
conductance has high quality tracking ability while 
considering the varying environment. A variable step 
size incremental conductance algorithm has been 
proposed in this paper. On the basis of the operating 
point of the PV array it adjusts the step size. This 
means that the step size gets larger when the 
operating point is faraway from the maximum power 
point and smaller when the operating point is very 
close to the maximum power point [7]. 
 
2.3 Boost converter and three phase inverter 
The output the PV system being low needs to be 
stepped up in order to match the load. For this boost 
converter is employed which has the ability to 
enhance the output of a PV system. Usually power 
converters draw their input from the sources that have 
small impedances and as such a simple control 
algorithm is adequate to provide the satisfactory 
results. However, when the impedance of the source 
is not small the simple control algorithms will not be 
sufficient to provide the needs of converter [8]. In 
that case the converter should be supplied from a PV 
system which has the ability to track the maximum 
power point. In this paper multi-junction solar cells 

are used to power the DC-DC boost converter [9]. 
The out-put of the boost converter is fed to an 
induction motor through a three phase inverter. The 
DC-DC boost converter along with the three- phase 
inverter thereby transfer the power efficiently from 
the multi-junction PV system to the AC machine 
which is an induction motor in our case [10]. 
 
2.4 Induction Motor Drive and its control 
Low cost, high reliability, high robustness, self-
starting capability, and high efficiency have made 
induction motor the most attractive in industry. 
Induction motor is coupled and has complex 
multivariable structure. So the implementation of 
induction motor needs a fast-acting processor. 
Moreover, with the developing power electronic 
technology AC machines are chosen over DC 
machines in spite of its fixed speed control [11]. This 
invokes the necessity of advanced methods for 
control. It is not easy to control the speed of the 
induction motor as it has constant speed. Its speed 
control is done with the decrease in its efficiency. As 
such there are ample of methods for speed control of 
induction motor. These are frequency control, supply 
voltage control, changing the no. of stator poles, 
cascade control method, etc. Also, renewable fed 
induction motors have drawn the interests of a lot of 
researchers all around the world and is mainly finding 
its use in rural pumping applications [12], [10]. 
However, with the use of vector control techniques 
the control of induction motor has become smooth to 
some extend. The frequency control method has its 
limitations in terms of performance as it produces 
oscillations on torque production. Therefore, to attain 
improved dynamic performance of induction motor 
advanced control technique is employed which is 
termed as field oriented control. Field oriented 
control has gained a lot of popularity as it can 
produce full torque at zero speeds and has a 
capability of faster response which makes it suitable 
for many applications [13]. It observed that field 
oriented control is finding its application in hybrid 
electric vehicles [14]. 
 
III. PROBLEM STATEMENT AND RESEARCH 
METHODOLOGY 

 
Utilisation of Renewable Sources for real loads is a 
challenge which is considered by many researchers. 
Photo-Voltaic cells are largely popular among them 
which are used in real world these days. This paper 
targets to resolve the problem of driving an induction 
motor using a multi-junction PV source as inputs. 
The challenge with PV is to propose MPPT 
algorithms for improving the performance of the 
photovoltaic cells. Also the speed control of the 
induction motor is to be solved in this paper using 
Field Oriented Control. This paper presents FOC of 
Induction motor fed by PV sources. A multi-junction 
PV cell is designed using three junctions and the 
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output is given to a boost converter. The multi-
junction PV cell has the advantage of improved 
performance. Figure 1shows a single junction 
implementation of the PV cell. 
 

 
Fig.1. Showing single junction of the Multi-junction Solar cell 

 
All the three junctions are combined and the results 
are shown in Figure 1. The three junctions are 
combined in series and their voltages are addded 
while keeping the current constant as shown in Figure 
2. 
 

 
Fig. 2. Showing Combined Multi-junction solar cell 

 
The output of the MJSC is fed to a boost converter as 
shown in Figure 3. The boost converter couput is fed 
to an inverter which converts the dc output to ac. This 

is used to drive and normal induction motor and a 
Field Oriented Control Induction Motor. The 
complete model is shown in Figure 4. 
 

 
Fig. 3.Showing Boost converter fed from MJSC 

 

 
Fig. 4. Showing Complet model of FOC Speed Control of 

MJSC fed PV cell 
 
It is argued that, for simple applications, the 
approximate analysis (based on steady-state 
behaviour or other time- scale assumptions) 
combined with the designer expertise suffices to 
comission the controller. However, to push even 
further the achievable performance and simplify the 
comissioning stage a better understanding of the 
dynamic behaviour of FOC is unquestionably needed. 
The vector control method of electrical drives 
controls the phase and the magnitude of both  phase 
voltage and current. When the three phase systems 
are represented as three independent systems this 
control will remain analog and thus posesses 
numerous drawbacks. FOC presents an accurate 
control which is being implemented in this paper. 
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IV. SIMULATION RESULTS AND 
DISCUSSION 

 
All simulations were done in MATLAB R 2013 b in 
2.7 GHz processor enabled computer with 4 GB 
RAM. Simulink was utilised for developing the 
model and the results are shown in this section. 
Figure 5 represents the output of boost converter. The 
boost converter is applied to the input of the solar 
cell. As observed the output of the PV rises from zero 
and settles at a constant value after 0.4 secs. This is 
the settling time of our waveform. 
 

 
Fig. 5Output Of The Boost Converter 

 

 
Fig. 6.Showing THD content of the boost converter output. 

 
The fig 6 shows the total harmonic distortion analysis 
of the boost converter output. The output of the boost 
converter is found to contain maximum percentage of 
zero frequency component which proves the efficacy 
of our model. 

 
Fig.7.Showing output of inverter with filter 

 

 
Fig. 8.Showing output of induction motor 

 
Figure 8 represents the stator currents of the induction 
motor 1 used in our model and as it is observed the 
currents stabilises after certain time to provide a 
sinusoidal nature. 
 

 
Fig .9.Showing FOC controlled induction motor output 

 
Figure 9 shows the stator current, speed, torque and 
dc voltage values of the FOC controlled induction 
motor. The load is varied using a stair case generator 
and the motor accelerates and decelerate accordingly. 
The reference values are also plotted in order to 
compare our obtained values. As observed the torque 
and speed curves tracks the reference values and as 
the speed reaches a constant value, the stator current 
stabilises to a sinusoidal nature.  
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 CONCLUSION AND FUTURE SCOPE 
 
The paper attempted to combine multi-junction PV 
cell with induction motor and control the speed of the 
motor for varying load using a Field Oriented 
Control. The model was developed and the results of 
each sub-system were generated and analysed. It was 
found that the results are quite satisfactory to the 
author’s expectation and can be utilised for further 
exploration in future. Various other speed control 
techniques can be applied on the same and compared. 
 
REFERENCES 
 

[1] Parida, Bhubaneswari, S_ Iniyan, and Ranko Goic. "A 
review of solar photovoltaic technologies." Renewable and 
sustainable energy reviews 15, no. 3 (2011): 1625-1636. 

[2] Tyagi, V. V., Nurul AA Rahim, N. A. Rahim, A. Jeyraj, 
and L. Selvaraj. "Progress in solar PV technology: 
Research and achievement." Renewable and Sustainable 
Energy Reviews 20 (2013): 443-461. 

[3] Rezk, Hegazy, and El-Sayed Hasaneen. "A new 
MATLAB/Simulink model of triple-junction solar cell and 
MPPT based on artificial neural networks for photovoltaic 
energy systems." Ain Shams Engineering Journal 6, no. 3 
(2015): 873-881. 

[4] Nishioka, Kensuke, Tatsuya Takamoto, Takaaki Agui, 
Minoru Kaneiwa, Yukiharu Uraoka, and Takashi Fuyuki. 
"Evaluation of temperature characteristics of high-
efficiency InGaP/InGaAs/Ge triple-junction solar cells 
under concentration." Solar energy materials and solar 
cells 85, no. 3 (2005): 429-436. 

[5] Xuesong, Zhou, Song Daichun, Ma Youjie, and Cheng 
Deshu. "The simulation and design for MPPT of PV 
system based on incremental conductance method." 
In information engineering (ICIE), 2010 WASE 

international conference on, vol. 2, pp. 314-317. IEEE, 
2010. 

[6] Esram, Trishan, and Patrick L. Chapman. "Comparison of 
photovoltaic array maximum power point tracking 
techniques." IEEE Transactions on Energy Conversion 
EC 22, no. 2 (2007): 439. 

[7] Liu, Bangyin, Shanxu Duan, Fei Liu, and Pengwei Xu. 
"Analysis and improvement of maximum power point 
tracking algorithm based on incremental conductance 
method for photovoltaic array." In Power Electronics and 
Drive Systems, 2007. PEDS'07. 7th International 
Conference on, pp. 637-641. IEEE, 2007. 

[8] Gow, J. A., and C. D. Manning. "Controller arrangement 
for boost converter systems sourced from solar 
photovoltaic arrays or other maximum power sources." 
In Electric Power Applications, IEE Proceedings-, vol. 
147, no. 1, pp. 15-20. IET, 2000. 

[9] Scholar, P. G. "A PV FED HIGH STEP UP 
CONVERTER WITH PID CONTROLLER." (2014). 

[10] Ramesh, Gudimetla, Kari Vasavi, and SLakshmi Sirisha. 
"Photovoltaic Cell Fed 3-Phase Induction Motor Using 
MPPT Technique." International Journal of Power 
Electronics and Drive Systems 5, no. 2 (2014): 203. 

[11] Kriti, Jatinder Singh, and Vivek Pahwa. "Dynamic and 
Steady State Analysis of Induction Machine." 

[12] Sridhar, R., K. C. Jayasankar, D. V. S. Aditya, and G. 
Vinod Kumar. "Photo Voltaic (PV) fed Three Phase 
Induction Motor Drive for Rural Pumping Applications 
based on Single Stage Power Conversion." International 
Journal of Control and Automation 8, no. 5 (2015): 135-
142. 

[13] Ekong, Ufot Ufot, Mamiko Inamori, and Masayuki 
Morimoto. "Field oriented control of two phase inverter to 
drive a three phase induction motor." In Electrical 
Machines and Systems (ICEMS), 2015 18th International 
Conference on, pp. 125-128. IEEE, 2015. 

[14] Pavuluri, Vamsi Krishna, Xin Wang, James Long, 
Guangping Zhuo, and Wen Lian. "Field Oriented Control 
of Induction Motors Using Symmetrical Optimum Method 
with Applications in Hybrid Electric Vehicles." 
In VPCC,2015,IEEE,pp 1-6. 

 
 
 
 
 

 
 
 


