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Abstract— In this article, we will make a comparison between 
the performances of two conventional control techniques for 
controlled speed and expected courant. The purpose is to 
evaluate the method that gives the best dynamic response (speed 
without going beyond) between the regulator classic PI type and 
IP. The comparison between the two methods under the same 
conditions is illustrated through simulations. 
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I. INTRODUCTION 

The photovoltaic (PV) energy conversion is now recognized 
to be most widely accepted method of harnessing renewable 
energy sources to benefit communities, especially in 
developing countries and remote areas. PV arrays provide 
direct conversion of solar energy into electrical energy, which 
is by far the most, sought after form of energy for human 
activities. Recognizing these fact extensive research and 
development efforts devoted to photovoltaic. One of the most 
popular applications of the PV array utilization is the water 
pumping system using DC motors as drive [l][2]. 
However to utilize PV power more efficiently a mean of load 
matching between PV array and DC motor as an intermediate 
matching circuitry is essential. Utilization of buck boost 
converters has been considered for this purpose and successful 

In this work, the dynamic performance of a system which uses 
is studied, to optimize system performance data, the system 
must be controlled by using two types of current and speed 
regulators: the classical (PI) and (IP).[3][7] 

 
II. IDENTIFICATION OF THE PV SYSTEM 

 
The system is composed of a PV generator, an MPPT power 
adapter, a DC/DC inverter, and a submerged pump. 

A. Electrical Model for a Photovoltaic Cell 

The PV cell is simulated by the single-diode model; the 
general formula of the PV characteristic is represented in 
figure 1 [2][4][5] 

 

Fig.1. the Simulink PV-cell model scheme 
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results have been recorded. However investigations are I 
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devoted    steady-state    operations.    Dynamics    have    not 
considered which is important for system sizing and safe 
operation. This present study, therefore devoted to the 
dynamics of the PV array-boost converter powered DC motor 
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Iph The photo current proportional to the solar radiation 
cell φ 

Isc The short-circuit current. 
I0 The current through the diode 
T The temperature cell 
k0 Temperature sensitivity 
q Electron charge(1.6*10-19[C]) 
k Boltzmann constant (1.38*10-23[j/k]) 
n Ideality of the solar cell factor between 1 

 
 
 
 
 
 

Fig.4 Simplified diagram of a non-reversible Buck-Boost 
Converter 
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Fig.2 Characteristic I (V) at T=25°C 

Where Ipv is the injected current into the DC-DC converter. L, 
C are the electrical parameters DC-DC converter, u is the use 
coefficient. 

 

C. Modeling of a Permanent Magnet DC Motor 

The mathematical relation that describes the dynamic model 
of a DC motor with constant magnetic flux can be expressed 
as follows: [1][6] 

dia 

ea = iaRa + La dt 
+ e 

60 
Where ea is the applied voltage, e is the motor e.m.f. The 
e.m.f. of a permanent magnet motor can be expressed as: 50 
e = K ω 

E    m 
40 The electromagnetic torque is related to the armature current 

by: 
Te = KTia 

20 The back e.m.f constant 
10 KT The torque constant 

0 
La The armature induction [H] 
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Fig.3 Characteristic P (V) at G=1000W/m2 
 

B. The Buck-Boost Convert 

This converter has the capability of scaling and of amplifying 
the constant input voltage source value Vpv at the output. The 
fundamental difference in our converter is that this new 
converter does not change the polarity of the input voltage 
source Vpv at the output. 
The dynamic model of the solar subsystem written in terms of 
voltage and current between the input and the output of the 
buck-boost converter can be expressed as follows: 

Ra The armature resistance [Ohm] 
ia The armature current [A] 

ωm The rotor angular speed [rad/s] 
 

D. Model of the Centrifugal Pump 

The HQ characteristic of the centrifugal pump is shown below. 
The expression of the total nanometric head is given by the 
model of Pleider-Peterman [7][8] 

H = C1. w2 + C . Q. w    − C . Q2 
C1, C2 and C3: are constants given by the manufacturer. 
The mechanical and hydraulic powers are given by: 
PH = ρ. g. Q. H 

Pmec = KP. w3
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a a 

a

Q: flow rate of water (m3/sec). 
H: nanometric high. 

 

 

 
Fig 5.Caracteristics H(Q).

 
 

E. Summary of Correction PI and IP 

To optimize the system with given performances,
must be controlled. The first role of a regulation
oblige the controlled parameters (output 
preserve values as close as possible as 
chooses like references values. Generally the control devices
are with closed loop. Classically, the regulating of the stator
currents is done with the PI controller. In the next section we
will see the benefits brought by a regulator
and compare these two regulators, we will
operating conditions. For this command,
correctors used to control the speed and the
of the stator current.[9] 

F. Current Regulator PI 
The proportional action is used to adjust

system dynamics and an integral action is 
the difference between the reference variable
wish to enslave. The current control scheme
is illustrated by the following diagram: [10]
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Fig.6 Block diagram of the current controller

The transfer function of the open loop system
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Fig.7 Block diagram of the speed
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H. Current regulator IP 
A PI control on a first-order process shows

accelerates system response, which usually
transient oscillating. The corrector proportional

essentially different from the PI corrector by the fact that there
is no zero in the transfer function of the closed
output does not represent discontinuity in the
reference type echelon. The block diagram 
control corrector IP is illustrated by the following

 

 
 
 
 
 

Fig.8 Block diagram of the current controller with
 

In the absence of the e.m.f (e =0), the transfer
of the closed loop system is given by: 
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I. Speed regulator IP 
The block diagram of the speed control corrector
illustrated by the following figure: [9][11] 

 

Fig.9 Block diagram of the speed controller
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the closed loop system is given by: 

FOL 

  Kp  
(s) = 

R(1 + rs) 
The transfer T(s) function of the final closed
given by: 

FcL 

    FOL(s)  
(s) = 

1 + FOL (s) 

OL 

International Journal of Renewable Energy and Sustainability (RES)

shows a zero. This zero 
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III. SIMULATION RESULTS

 
In this section the simulation results of the global efficiency
optimization of a photovoltaic pumping system driven by DC
motor coupled to a centrifugal
validation of this command is done using Matlab
software. The simulation results show that the two current
regulators IP and IP based arrive ultimately regulate currents
and speed in the machine, and
controller has more satisfactory than the PI performance by
either servo or regulation, both transient minimizing overshoot
observed on speed and current, permanent regime (minimizing
ripples), figure 14,15 thing that will automatically change the
electromagnetic torque and thereafter on
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RESULTS AND DISCUSSION 

In this section the simulation results of the global efficiency 
optimization of a photovoltaic pumping system driven by DC 

centrifugal pump are presented. The 
validation of this command is done using Matlab-Simulink 
software. The simulation results show that the two current 

arrive ultimately regulate currents 
and that the choice of the IP 

controller has more satisfactory than the PI performance by 
either servo or regulation, both transient minimizing overshoot 
observed on speed and current, permanent regime (minimizing 
ripples), figure 14,15 thing that will automatically change the 

thereafter on speed, figure 13 
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Fig.12 Armature current (A) 
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Fig.13 Electromagnetic torque (N.m) 
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Fig.14 Rotational speed (tr/mn) 

1500 
 

1000 
 

500 
 

0 
 

-500 
 

-1000 
0 5 10 15 

Time (s) 

Fig.15 Power Consumed (W) 

IV. CONCLUSION 

In this article, we presented a comparison of performances of 
two controllers PI and IP of a DC machine powered by a 
photovoltaic generator. The robustness with respect to IP 
correction term in PI control for speed and current was justified 
theoretically and by simulation. The calculation of reference 
parameters and expressions of current prescription and speed, 
involve the parameters of the machine. The next step would be 
to develop control algorithms based on fuzzy logic and neural 
networks for updating in real time of these parameters in the 
control and implement these techniques on a DSP board. 
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