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ABSTRACT 

In this paper t h e  theore t i ca l  and experimental investigations for both steady-state and 
dynamic operation of dc-dc Cuk converter powered a separately exci ted  d c  moto r  a re  
presented.  T h e  analysis is extended to the photovoltaic generator supply. The effect of 
duty ratio for different irradiation levels on the motor performance is obtained. The relation 
between so la r  i r radia t ion level  and converter duty ratio to ensure maximum energy 
utilization is given. The maximum photovoltaic generator can be obtained by adjusting the 
converter duty  rat io for certain irradiation levels with a pump load. The  proposed system 
can be utilized in spray irrigation and green house water supply management. 
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1. INTRODUCTION 

The photovoltaic energy is one of the alternative 
sources which is free and available in most parts of 
the world. This source has proved to be an 
economical source o f  energy in many industrial 
applications [I]. Direct current motors are used in 
photovoltaic (pv) drive systems[2]. For example , 
in cooling applications and in water pumping 
systems for irrigation or water supply [3]. The solar 
cell array is connected to the motor load via a direct 
coupling. These systems are simple and its 
operation is inexpensive [4-51. This system can be 
used to supply uncritical loads such as water pumps. 
These loads do not need continuous operation and 
water output can be stored easily. So, this 
arrangement is used in rural villages and deserts. A 
report studying the starting and steady state 
performance of different types of dc- motors driving 
water pumps, directly connected to a photovoltaic 
generator is as s h o w n  i n  [5] .  T h e  

p e r f o r m a n c e  parameters of pumping system 
powered by solar cells array have been previously 
predicted theoretically and confirmed experimentally 
in reference [6 ] .  The maximum power operation 
has been achieved by interchanging the series 
parallel connections of solar cell modules within 
the photovoltaic array [7]. Also, the maximum 
power tracking has been achieved by using 
controlled dc-dc converters [8-101. 
Experimental implementation of fuzzy logic 
control for photovoltaic maximum power 
tracking is given in reference [ I  I]. The effect of 
the cell temperature on the performance of 
photovoltaic generator feeding series and 
separately excited dc  lnotors is investigated i n  
reference [ 121. 
This paper presents a solar energy feeding a 
separately excited dc motor driving a pump load 
through a dc-dc Cuk converter. A modeling and 
numerical simulation for this system are given to 
obtain steady-state and dynamic performance 
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characteristics. The modeling and simulation results 
are compared with the experimental results while the 
system is supplied from a constant dc supply. The 
modeling and simulation include the design of 
photovoltaic array driving a pump load through a 
Cuk converter. 

ZSYSTEM DESCRIPTION 

The schematic diagram of the system is shown in 
figure ( 1 ). The system consists of a photovoltaic 
array , a dc-dc Cuk converter using one MOSFET 
and a separately excited dc motor driving a pump 
load. The dc-dc converter with a variable duty ratio 
that regulates the power supplied to the motor is 
either a step-up or step-down converter. An LC filter 
is connected between the converter and the dc motor. 
This filter is used to smooth out the voltage input to 
the motor. The MOSFET is driven by an impulse 
generator of a linear timing voltage. The pulses are 
generated when the control voltage (Vc) is equal to 
or greater than the timing voltage (ma) as shown in 
Figure (2). The duty ratio (K) varies with the 
variation of the control voltage in order to obtain the 
desired output. The duty ratio k is defined as the ratio 
between the on period of the MOSFET to the total 
period of the pulse. 

3.SYSTEM MODELING 

3-1 Modeling of Photovoltaic Array 

The chosen array is taken to have two parallel 
strings , where each string contains 36 cells. The 
overall voltage of the photovoltaic generator V is 
expressed in the following form 181 : 
V=(0.0731 .N, .Z1 )-(0.05 .N,. I )  (1) 
where Zl  = Ln (XX - 1 + W ) N Y  

XX=Iph .N, .%irradiation level 
YY= 0.0005 . N, 

V and I are the average terminal voltage and current 
from cells , respectively, IPh is the photovoltaic 
current. This current is chosen to have a value of 0.8 
ampere which is proportional to an irradiation level 
that equals 100%(1000watt I cm2 ), while the open 
circuit voltage is taken as 0.54 Volt. Figure(3) shows 
the V-I characteristics of the photovoltaic generator 
used in this study. 
The maximum power delivered is obtained using the 
well known definition: (dldtf(V.1) = 0.0 (2) 

3-2 Motor Simulation and Modeling 

Figure (4) shows the two modes of operations for 
the system under study. The equations of each mode 
are in the following form : 

Mode (1) 
The MOSFET in this mode is turned on. The 

differential equations describing this mode are : 
di, /dt =(v - i ,  . rl )/Ll (3) 
de / dt = - i2 / c, (4) 
d i,ldt = (v, - R,.i, - K,.w,)/L, (5) 
d w,ldt- (K,. i, -B . om-TJJ (6) 
dv,/dt = (i2 - i, ) / c2 (7) 
di2/dt = (e- i 2  . r2 -v, )/ L2 (8) 
Mode (2) 
The MOSFET in this mode is turned off. The 
differential equations describing this mode are : 

deldt = - i l  1 cl (10) 
di,/dt =(v, - R,. i, -K,. w, )L, (11) 
da,ldt-(I<,. i, -B .w,-TJJ (12) 
dv,/dt = (i, - i, )/c2 (13) 
d i2/dt = (- i2 . r2 - v, )/L2 (14) 

3-3 Impulse Generator Modeling 

The timing voltage is represented by the equation: 
o.=A[I .O-(x/T)] (15) 
where A is the maximum voltage (12 volt), x is any 
instant which changes from zero to n in radians, and 
T is the chopping period in radians and has the form 
T = w ( l / f ,  (16) 
The system parameters are given in the appendix. 

4. SIMULATION AND EXPERIMENTAL 
RESULTS 

The proposed system is built in the laboratory. A 
comparison between the numerical simulation results 
for the proposed system with the experimental results 
of a constant load torque and constant dc supply 
input has been made. The comparison showed a 
very good agreement behveen them . 

4 -1 Steady - State Characteristics 

The effect of varying the converter duty ratio for a 
constant voltage source at half full load torque for the 
motor voltage ( v ) ,  capacitor voltage (e), input 
current (i,), motor speed (o,), supply voltage(v), and 
control voltage (v,) is shown in Figure (5). Figure (6) 
shows the waveforms for these parameters. 

4 -2 Starting-Up Characteristics 

Figure (7) shows the starting behaviour for a duty 
ratio equal to 0.5 at half full load for the motor 
current (i,), motor voltage (v,), supply current (il), 
and motor speed (a,). The results reveal the validity 
of the dynamic model. 
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5. PHOTOVOLTAIC SYSTEM FEEDING THE 
PUMPING LOAD 

Themotor pump load torque equation is taken as 
~,=0.005+0.00004w+0.0010~~~ (17) 
Figures (8,9) show the variation of the average 
photovoltaic voltage and current , respectively, with 
the percentage irradiation level according to different 
values of duty ratio for the system shown in Figure 
(1). It is noticed that the average photovoltaic voltage 
has decreased with the increase in the duty ratio, 
while it has increased with increasing the percentage 
irradiation level. Figures (10,11,12) show the 
variation of the motor average voltage , average 
current and motor speed , respectively , against the 
percentage solar irradiation with respect to different 
values of duty ratio when there is a pump load. It is 
observed that the motor characteristics vary with the 
duty ratio variation of the percentage irradiation 
level. 
Figure (13) shows the relation between the duty ratio 
and the solar irradiation level in order to achieve the 
maximum photovoltaic generator power. 
Figure (14) shows the starting behavionr with a 
solar irradiation level of  60 % while the duty ratio h 
adjusted at a value of 75% in order to give a 
maximum photovoltaic power. 

6. CONCLUSIONS 

Both the starting-up and dynamic behaviour of dc-dc 
Cuk converter supplied from constant dc voltage 
supply and feeding a separately excited dc motor 
have been investigated. The modeling and numerical 
simulation results have been compared with the 
experimental results. It is noticeable that there is very 
good agreement between the simulation and 
experimental results. A study has been made to 
include the case of photovoltaic generator supply 
input where the photovoltaic is designed to feed a 
pump load. It has been found that the maximum 
photovoltaic generator power can be obtained by 
adjusting the duty ratio for certain irradiation levels. 
The proposed simulation has the advantage of 
predicting the control range for the irradiation level 
according to the chosen configuration . 

'ITAPPENDIX 
7-1 Motor Parameters 
The testing motor is a separately excited dc-motor. 
50 Volt, 55 watt, 1 Ampere, 3000 r.p.m.. It has the 
following measured parameters: 
rm=10.50hm, L, =0.06H, Rr 3 5 0  Ohm, B=0.0001 
Nm 1 (radhec.), J=0.00015 Kg.m2, K,=0.127 
Volt/rad/sec 
7-2 Cuk Converter Parameters 
The parameters of the designed system are: Ll  
=0.025H, r,=20hm, L2 = 0.22H, rz =20hm, C,=5 
pF ,  C: =1200p F 
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9-NOMENCLATURE 
A Maximum value of the timing voltage 
B Viscous friction coefficient. 
Cl  Energy storage1 transfer capacitance. 

Line of maximum Power 
40.0 

B P5.0 

.. 
15.0 

6.0 

C2 Capacitance of the filter. 
e Capacitor voltage. 
f ,  Switching frequency . 
i, Instantaneous armature current. 
i, , i2 Instantaneous supply and filter currents. 
J Moment of inertia. 
K,,, Back e.m.f. coefficient. 
L,R, Armature inductance and resistance. 
L r  Inductance and resistance of the coil 

connected with supply. 
L,r, Filter inductance and resistance. 
Rt Field resistance. 
TL Load torque. 
v,V Instantaneous and average supply voltage. 
V, Control voltage. 
v, Motor voltage. 
w, Motor angular speed. 
Ns Number of cells in series. 
Np Number of parallel strings. 
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(5) :Effect of Wrying the ConverterDutyRatio at a Constant Voltage Source and half full load torque 
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Fig. (6) : Steady state Waveforms at Half Full Load for a Duty Ratio = 0.5 
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Simulation Experimental 
Fig. (7) : Starting Up characteristics at Half Full Load for a Duty Ratio = 0.5 
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Fig. (14) : Starting Behaviour for a Pump Load at Irradiation Level = 60%, Duty 
ratio = 0.75 and Maximum Photovoltaic Power 
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