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Abstract—This work aims to develop an accurate model of an 

existing Photovoltaic Pumping System (PvPS) which is composed 

of an Ebara Pra-0.50T Asynchronous Moto-Pump (AMP) fed by 

Kaneka GSA-60 photovoltaic panels via a Moeller DV-51 speed 

drive. The developed model is then used to compare the 

performance of the system with its original control strategy 

based on classical indirect vector control strategy using PI speed 

controller and the proposed new control strategy based on Fuzzy 

Logic control technique for speed control and MPPT system. The 

obtained results of comparative simulations, induced in different 

dramatic variation of working conditions, show that the 

developed control strategy brought major enhancements in 

system performance. 
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I. INTRODUCTION 

Air pollution problems and its disastrous consequences 
mainly caused by increasing consumption of conventional 
energy sources such as gas, oil and coal, has encouraged 
scientific society towards developing environmentally friendly 
energy sources which are mainly extracted from renewable 
energy sources such as the sun, water, wind… etc. 

Among these new energy sources, and thanks to its 
continuous technological progress and manufacturing cost 
reduction, Photovoltaic (PV) energy presents one of best 
choices from different existing renewable energy sources. 

PV technologies are widely used for numerous and various 
types of applications [1,2]. For some countries, especially 
where agriculture is an important economic engine such as 
Thailand [3], pumping water using PV generator (PVG) is a 
practical solution for rural development where water demand 
for irrigation and domestic use, is increasing. PV pumping 
importance is related to the fact that these rural areas are 
generally without electricity supply sources. [4] 

In these cases, different types of PV pumping systems 
have rapidly replaced traditional pumps such as diesel and 
gasoline pumps especially that these developed new 
technologies help to avoid the need for maintenance personnel 
and fuel supply problems [5]. Despite these different 
advantages, the generated PV power is strongly dependent on 
weather conditions especially solar irradiation which 
contributes constantly in rapid variation of I-V and P-V 
characteristics of the PVGs [6]. 

This fact might explain the totally degraded performance 
that was found in early stage of PV pumping application in 
comparison with same pumping systems once supplied with a 
constant voltage source. Trying to fix this problem, later 
studies suggested that using a DC/DC converter as an 
adaptation between the load and the source guaranties major 
improvements in the used motor characteristics as well as the 
generated power from the PVG [7]. 

Therefore, researches have been focusing on developing 
different algorithms and techniques to be used in computing 
the optimal duty cycle of the DC-DC converter to ensure the 
better tracking of the Maximum Power Point (MPP) 
continuously in spite of irradiation variations [8]. 

In another hand, it is known that different types of 
disturbances, intern or extern, heavily influence the dynamic 
performance of several industrial systems such as power 
systems [9]. In this context, different types of controllers have 
been introduced over the years. But unlike conventional 
controllers, Fuzzy Logic (FL) controllers have proved better 
efficiency in different industrial processes thanks to its 
robustness. Thus, this reality made us think to apply an 
upgrade, by using the FL technique, of the existing control 
strategy of a Photovoltaic pumping system. [10] 

This paper gives in a first place a general overview of the 
system where its different blocks are presented and modeled 
separately: 

 The model of the PV generator which is composed by 
Kaneka GSA-60 PV panels. 

 The model of the 3 phased digital speed drive inverter 
which is a Moeller DV51 type. 

 The model of the 3 phased asynchronous machine and 
the trained centrifugal pump which both form the 
studied moto-pump type Ebara Pra-0.50T. 

Then, the next section presents is reserved for presenting 
the actual control strategy and the upgraded one. In this part, 
we give a general presentation of the Fuzzy Logic technique 
and how we deployed different FLCs in the system in order to 
improve its control strategy. 

In the last section, we present several results comparing 
the behaviour of the pumping system with and without the 
developed FL control strategy and the major proved 
enhancements in performance. 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 8, No. 3, 2017 

166 | P a g e  

www.ijacsa.thesai.org 

II. GENERAL OVERVIEW OF THE STUDIED SYSTEM 

A. Description of the studied system 

The system we are working on can be simply presented, as 
shown in Fig. 1, by a 3 phased Asynchronous Moto-Pump 
(AMP) fed by a DC source, in our case a GPV, via a 3 phased 
DC-AC inverter speed drive which includes an integrated 
speed control system. 

 
Fig. 1. The block diagram of the studied system 

In the next subsections, we are giving a general 
presentation of every part of this system along with its 
different features and the different equations used to develop 
the simulation model. 

1) Kaneka GSA-60 Photovoltaic Generator (GPV) 
The GPV that our research lab disposes is composed of 5 

Kaneka GSA-60 panels, mounted in series, as shown in Fig.2. 
and situated on the roof of physics department of the Faculty 
of Sciences of Tunis (El Manar - Tunisisa). 

 

Fig. 2. Kaneka GSA-60 photovoltaic generator 

The used model in simulation is developed according to 
the features given in Table1 of a single PV module type 
Kaneka GSA-60. 

TABLE I. KANEKA GSA-60 SINGLE MODULE FEATURES 

Parameter Value 

Pmpp 60 W 

Vmpp 67 V 

Impp 0.9 A 

Voc 92 V 

Isc 1.19 A 

Figure 3presents both I-V and P-V characteristic curves of 
1 single module, and Figure 4 presents the same curves of the 
GPV. These curves are obtained by maintaining the 
temperature at 25°C and varying the solar irradiance in order 
to show its influence on the generated current. 

2) The Moeller 3 phased Inverter 
The fact that, the GPV is a DC generator and the 

Asynchronous machine presents a 3 phased AC load, which 
requires the use of a 3phased inverter. 

In another hand, to ensure the speed control of the 
machine, consecutively the pumping performance, we use a 3 
phased speed drive. 

 
Fig. 3. The influence of solar irradiation variation on I-V and P-V 

characteristics of a single Kaneka GSA-60 module 

 
Fig. 4. The influence of solar irradiation variation on I-V and P-V 

characteristics of 5 Kaneka GSA-60 PV modules connected in series 
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This speed drive, shown in Figure 5. is a Moeller type 
DV51-2.2 Kw. His main features are presented in Table 2. 

TABLE II. MAIN FEATURES OF THE USED MOELLER INVERTER 

Parameter Value 

Max. Power 2.2 kW 

Input Voltage AC : 230V / DC : 400 V 

Output Voltage 230 V/ 400 V 

Control technique Vector Control with PI speed regulation 

 
Fig. 5. The 3~ Moeller DV51 Inverter 

3) The Asynchronous Moto-Pump (AMP) 
The Asynchronous Moto-Pump, shown in Figure 6. is 

composed of an electrical 3 phased asynchronous motor 
driving a centrifugal pump. 

 
Fig. 6. 3 phased AMP type Ebara-PRA50 

The studied AMP is an EBARA type where its reference is 
PRA50. Its different parameters given by the constructor in 
the Data Plate are presented by Table 3. 

TABLE III. EBARA PRA-0.50T MAIN FEATURES 

Parameter Value 

Power 0.37 Kw 

Voltage 3~ 240V 

Nominal Current  1.8A 

Frequency 50 Hz 

P 2 

Cos ρ 0.8 

Maximum Speed 2850 rpm ≈ 300 rad/s 

Maximum Flow rate 45 L/mn 

B. Modeling the existing system 

1) Model of the GPV 
In this part, we are presenting the general modeling 

equations of the GPV and showing the obtained different 
characteristic curves of the developed model, depending on 
solar irradiation variation. 

Based on the conventional equivalent electrical circuit 
given in numerous references, we developed the model of our 
Kaneka generator using (1), (2), (3) and (4). [11,12] 

pv ph D ShI I I I  
                                                             

 (1) 
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2) Model of the 3 phased inverter 
Figure 7 presents the equivalent electrical scheme of the 

power circuit, responsible for the commutation, which we 
used to develop the simulation model. As shown in the figure 
and mentioned in numerous references such as [13,14], a 3 
phased inverter is generally composed of 3 arms, each one is 
composed of 2 electronic switches, in this case we used a 
MOSFET transistor and a parallel diode for each switch. 

 

Fig. 7. General equivalent circuit of the 3~ Inverter 
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Based on this electrical scheme, the different voltages can 
be expressed by (5) and the relation between the input and the 
3 output currents is given by (6). [15] 
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3) Model of the AMP 
The next two subsections present each part of the AMP 

independently and modelling equations are presented. 

a) Model of the Asynchronous Motor 

Different AM voltages at the stator and the rotor windings 
of the asynchronous machine can be modelled by equations 
(10) and (11) as shown in [16]: 
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Where 

s refers to stator, r refers to rotor and i refers to the 
winding. 

Also, we can model the flux in both stator and rotor by the 
system of equations (9). 
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where 

 ssL is the matrix of stator inductances and given by (10) 

 rrL is the matrix of rotor inductances and given by (11) 

 srL and  rsL are the matrix of mutual inductances 

between the rotor and stator and given by (12) 
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with 

ls , lr : stator and rotor proper inductances. 

Ms , Mr : Stator, respectively rotor, mutual inductance 
between two of its windings. 

Msr : maximal mutual Inductance between one winding of 
the stator and another one of the rotor. 

the electrical position of the machine is given by (13) 

p                                                                            (13) 

where 

 : rotor real position  (mechanical angle). 

  : rotor electrical position. 

p : numberof pairs of pole in the machine. 

And finally, the mechanical model of the machine can be 
expressed like shown in equation (14): 

em L

d
T T f J

dt


                                                          (14) 

where 

f     : Viscous friction coefficient of the machine. 

J  : Inertia moment of the rotating masses. 

emT  : Electromagnetic torque. 

LT
   : Load torque. 

    : Rotor speed. 

b) Model of the Centrifugal Pump 

The centrifugal pump have a proportional resistive torque 

(Cr) to the square of its rotational speed ( ). This 
aerodynamic relation is given by (15) as shown in [17]. 

2

2( )  LT C                                                                (15) 

where 

 C2 is the torque constant of the pump. 

The mechanical losses applied at the AMP shaft are 

presented by the set of torques Cfv() which is proportional to 
the speed. 

Cfv() is described by (16) as shown in [18]. 
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1 fvC C                                                                        (16) 

where 

C1 is the coefficient of viscous friction. 

To the previously presented torques, we add the 

acceleration torque 
Jd

dt


. So, the electromagnetic torque 

expression given in (14) is now described by (17). 

2

2 1     em

d
C C JT

dt
  


                                             (17) 

Where 

C1 is the same coefficient f . 

III. PROPOSED IMPROVEMENTS BASED ON FUZZY LOGIC 

CONTROL TECHNIQUE 

A. General overview on applied F.L controllers on the system 

Since 1965, after being proposed by Lotfi Zadeh, Fuzzy 
logic technique has become very common tool in developing 
intelligent controllers that have replaced conventional 
techniques and introduced many improvements in decision 
making with complex systems. [19] 

In this context, we tried to enhance our system by 
integrating FL controllers, as shown in Figure 8. by upgrading 
the existing speed control system with an FL controller and 
adding a controlled DC-DC controller where it's duty cycle is 
computed by an MPPT algorithm based on FL technique. 

 

Fig. 8. Block diagram of the new control strategy 

Generally, a Fuzzy Logic Controller works by applying 3 
main steps on the input data in order to take the decision, the 
output. Figure 9 presents the working principle of an FLC and 
its different phases which are: The Fuzzification phase, 
applying predefined rules by the Inference Engine and finally 
the defuzzification phase. [ 20,21] 

 
Fig. 9. F.L.C working principle 

The first step (Fuzzification) consists of transforming the 
numeric values on linguistic values that will be treated by the 

Inference engine (the second phase of FLC) which contains 
different inference rules, based on predefined fuzzy methods 
and experimental knowledge, to define a logical connection 
between the input and output variables by applying. After that, 
the computed fuzzy value is treated by the last part of the 
FLC, Defuzzification phase, in order to determine the final 
numeric value of the output solution. 

In our work, we have chosen to use  the Mamdani method 
for the Inference engine step which consists of applying Max-
Min relation between the membership degrees of the treated 
values as explained in [22] and the Gravity Center method, as 
given in [23], for the defuzzification phase that converts the 
fuzzy value into numeric value by applying (18). 

.
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                                                         (18) 

where: 

- i  is the membership degree of the fuzzy value. 

- iVF
is the fuzzy value. 

- 
outputValue  is the computed output numeric value. 

B. Improvements applied on speed control system 

In this part, we present the different blocks we developed 
for our controller- 

For the Fuzzification phase, based on the work presented 
in [24], we have divided the first input variable "E", which is 
the error between the speed reference and the measured one as 
given in (19), in seven fuzzy variables as shown in Figure 10. 
The second input variable "dE", which is the variation of the 
error given by (20), in three fuzzy variables as shown in figure 
11. Finally, the output variable ''Tem*",which is the computed 
torque reference, in seven fuzzy variables as shown in figure 
12. Different figures show that we used a number of mixed 
trapezoid and triangle sets. 

Finally, the different rules defined for the inference engine 
are presented in Table 4. 

  *E k                                                          (19)
                              

       

  ( 1)dE E k E k                                                    (20) 

 

Fig. 10. Membership Functions of the input E 
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Fig. 11. Membership Functions of the input dE 

 
Fig. 12. Membership Functions of the output Tem* 

TABLE IV. INFERENCE RULES OF FL SPEED CONTROLLER 

        dE              

E 
N Z P 

NG NG NG NG 

NM NG NM NG 

NP NM NP NM 

Z NP Z PP 

PP PM PP PM 

PM PG PM PG 

PG PG PG PG 

C. Developed Fuzzy-MPPT system 

1) The DC-DC converter 
As explained in [25], a boost converter is chosen based on 

its characteristics allowing the required 340 V minimum as 
DC input of the inverter to obtain the needed 240 V in its AC 
output and also allowing an almost permanent tracking of the 
desired MPP. 

Figure 13 presents the equivalent electrical circuit of the 
BOOST DC-DC converter that we have adopted for our work. 

 
Fig. 13. General structure of BOOST converter 

Using the BOOST Converter classical structure, we have 
modeled our converter based on the model given by (21) and 
(22). 

)(1S PVI I                                                                      (21) 
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S

V
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                                                                      (22) 

2) FL-MPPT Control algorithm 
We fixed two input variables basing on the work given in 

[26]. These two variables are E, given by (23), and dE, given 
by (24). 

 
( ) ( 1)

( ) ( 1)

Ppv k Ppv k
E k

Vpv k Vpv k

 


 
                                    (23)

 

  ( 1)dE E k E k                                                    (24) 

For the fuzzification, we have divided the first input 
variable E in three fuzzy variables, the second input variable 
dE in two fuzzy variables and the output variable which is the 
computed duty cycle variable that we named D, in seven fuzzy 
variables. 

The different defined membership functions are given 
respectively by Figures 14, 15 and 16. As shown, we used a 
combination of trapezoid and triangle functions for these 
fuzzy sets. And finally, the different rules defined for the 
inference engine are presented in Table 4. 

 
Fig. 14. Membership Functions of the input E 

 

Fig. 15. Membership Functions of the input dE 

 
Fig. 16. Membership Functions of the output D 
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Table 5 presents the nine defined rules for the inference 
engine. For this step, we conserved the Mamdani method for 
computing the output fuzzy value. 

TABLE V. INFERENCE RULES FOR THE FL-MPPT CONTROLLER 

       dE E P Z N 

NB NB NB NB 

NS NS NS NS 

Z PB 0.5 NB 

PS PS PS PS 

PB PB PB PB 

The gravity center method is used for the last operation, 
the Defuzzification step. And by applying this method on the 
obtained fuzzy value, the final output of the FLC, the duty 
cycle D, is finally generated. 

IV. RESULTS AND INTERPRETATION 

A. Comparing Speed controllers 

In a first step, we tried to show the advantage of the added 
FLC in speed regulation of the system. For that, we simply 
used a DC voltage source, as previously shown in Figure 9, 
instead of the PVG and established different scenarios of 
simulation to compare our AMP performance with the 
originally preinstalled speed control and the developed one. 

These different scenarios are testing in a first place the 
precision of the regulation process and the speed of response, 
taking account of both the climbing time and the reference 
establishing time. Then, we are comparing the robustness of 
the two regulators by introducing different disturbances on the 
AMP in the middle of its normal functioning. 

The used model of the AMP and the PI speed regulator is 
given in Table 6. 

TABLE VI. AMP AND PI CONTROLLER MODEL PARAMETERS 

Parameter Value 

Resistance Rs 24.6    

Resistance Rr 16.1  

Inductance Lm 1.46  H 

Inductance Ls 0.03 H 

Inductance Lr 0.02  H 

Pair of poles number 2 

Shaft inertia  J 6.5 10-3  Kg m2 

Nominal power 0.37 KW 

Voltage 220 V 

Frequency 50 Hz 

Friction factor F 1.75 10-3 N.m.s 

Kp 13 

Ki 1 

Flux reference 0.4 Wb 

Figures 17,18 and 19 present the different measurements 
obtained by investigating different working cases given as 
next: 

- Figure 17: a constant speed reference is applied (= 100 
rad/s). 

- Figure 18: a sudden variable speed reference is applied at 
t=3s from 80 rad/s to 160 rad/s. 

- Figure 19: a constant speed reference is applied and a 
sudden variation in load torque is introduced at t=2.5s. 

Each figure presents different curves where : 

- Figures 17.a, 18.a and 19.a: Comparisons between the 
speed responses with both controllers. 

- Figures 17.b, 18.b and 19.b: Comparisons between the 
variation of the pumped water flow rate. 

- Figures 17.c, 18.c and 19.c: Show the generated control 
signal, which is the Torque reference, by the two controllers. 

- Figures 17.d, 18.d and 19.d: show the difference between 
the measured stator currents with FL and PI controllers. 

B. Elaborated FL-MPPT controller 

In this part, we are showing the important improvements 
obtained by both the FL speed controller and the developed 
fuzzy logic MPPT control algorithm acting through the boost 
converter. 

Table 7 shows the PVG and the boost converter models 
used in this study. Figure 20 shows the results in term of speed 
and flow when a constant speed reference (= 150 rad/s) is 
applied while the irradiance and temperature are maintained 
constant (Irradiance=1000W/m

2
 and Temperature = 25°C).  

Figure 21 shows the variation of speed and flow while 
introducing sudden variations in irradiance values: 

- At t = 5s: sudden variation of irradiance from 1000W/m
2 

to 200W/m
2
. 

- At t = 10s: sudden variation of irradiance from 200W/m
2 

to 800W/m
2
. 

TABLE VII. PVG AND BOOST MODEL PARAMETERS 

GPV Parameters Values 

Parallel Strings 1 

Series-connected Strings 5 

Series Resistance Rs 24.6    

Shunt Resistance Rsh 16.1  

Light-Generated Current IL 1.265 A 

Diode Ideality Factor 2.19 

Diode Saturation Current ID 2.25*10-12 A 

 Boost Parameters Values 

Inductance L 0.65*10-3 H 

Capacitance C 100*10-5 F 

Diode : Ron, Lon, Vf 0.01 , 0H, 0.8V 

C. Results Discussion 

Figures 17, 18 and 19 shows that both controllers pursue 
perfectly the reference and present a short climbing time (= 
0.2s). Meanwhile, the PI controller shows a 10% overshooting 
while the FL controller shows almost 0% overshooting. In 
term of robustness, FL controller better reaction towards 
different disturbances applied on the system while PI 
controller shows longer time in stabilizing the system after 
load torque and reference sudden variations. 

Figure 20 shows that, without an MPPT regulation system, 
the speed and consecutively the flow of the AMP are unable to 
reach the proposed reference and the optimal working 
performances of the AMP even after more than 5 seconds. By 
introducing the FL-MPPT controller, the AMP was able to 
reach the asked working performance in less than 2 seconds. 
This proves that the performances of the PvPS are enhanced 
thanks to the additional controller which is also noticed in 
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Figure 21 that shows the results acquired when using an FL-
MPPT regulator are much better than the acquired results 

without it especially in facing the sudden variation of 
available sun irradiance. 

 

 

Fig. 17. Different measurements with constant speed reference 

 

 
17.a 

 
17.b 

 
17.c 

 
17.d 
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Fig. 18. Different measurements with variable speed reference 

 

 
18.a 

 
18.b 

18.c 
 

18.d 

 
19.a 

 
19.b 
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Fig. 19. Different measurements with variable load torque 

 

Fig. 20. Comparing Speed and Flow measurements for a stable solar irradiation 

 
Fig. 21. Speed and Flow measurements for sudden variations in solar irradiation 

V. CONCLUSION 

The different results obtained by simulating the developed 
speed control system in a first place showed the important 
advantages of using an FL controller instead of a conventional 

PI controller in term of time of response, stability and 
robustness against different disturbances. In a second place, 
the implementation of a DC-DC converter controlled by an 
MPPT algorithm based on FL technique shows an upgraded 

19.c 
 

19.d 

 
20.a 20.b 

 
21.a 

 
21.b 
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performance of the PV Pumping system in different scenarios 
of solar irradiance variations. 

This work will be followed by practical investigation by 
implementing the different algorithms on embedded boards 
such us FPGAs, STM32s and ARDUINOs. 
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