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Partial shading (PS) has a negative impact not only on the shaded Photo Voltaic PV
modules/arrays but also on the power generated by the partially shaded photovoltaic
(PSPV) system. It decreases the output power of the (PV) system and adds to hot fleck
issues, which may result in the thermal breakdown of shaded PV modules. Solar water
pumping is based on a (PV) system that converts solar energy into electrical energy to
power a DC motor. This paper includes a practical investigation on the DC pump
performance, as well as the influence of (1/4, 1/2, 3/4, and completely) shading on the

performance of the DC pump motor. The current study shows that by Using maximum
power point tracking (MPPT) control, the motor voltage will be stabilized and not affected
by the increase in the shading area.

1. INTRODUCTION

Solar water pumps are water pumps that are driven by
electricity that is generated from photovoltaic solar cells [1].
Solar energy systems (PV) form a primary source of electricity
generation that is deployed with diesel pumps in places where
there is a lot of sunlight in order to avoid the high cost of
operating diesel pumps. Solar systems are characterized by
being scalable, with capacities of several watts for other uses,
for example timekeeping systems, farm doors, and hundreds
of kilowatts for homes and farms. It is possible to deploy a
large number of solar systems in a finite number of sites
instead of a single central system [2, 3].

Solar energy systems are best suited for the process of
withdrawing groundwater and transferring it to large
reservoirs, as it works without interruption throughout the day
[4]. The process of withdrawing groundwater at night is not
correct for pumps that operate with solar cells, because this
leads to an additional cost for the operation of the pump [5].

This article provides a practical assessment of the DC
pump's performance, as well as the effect of shading (1/4, 1/2,
3/4, and totally) on the DC pump motor's performance. The
current study shows that by using MPPT control, the motor
voltage will be stabilised and not affected by the increase in
the shading area. The novel aspect of this research is that
partial shade has a detrimental effect on not just shading solar
modules/arrays, but also on the amount of energy generated by
the partially shading photovoltaic system. It reduces the (PV)
system's output power and contributes to hot fleck concerns,
which can result in the thermal breakdown of shaded PV
modules.

2. SOLAR WATER PUMP PRINCIPLE

PV technology is used in solar water pumping, which
transforms sunlight into power to pump water. The PV panels
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are linked to a motor (DC or AC) that turns the electrical
energy from the PV panels into mechanical energy, which the
pump subsequently converts to hydraulic energy. Three
primary aspects influence a solar pumping system's capacity
to pump water: pressure, flow, and power to the pump [6-10].
For design purposes, pressure may be defined as the amount
of effort expended by a pump to lift a certain amount of water
to a storage tank. The elevation difference between the water
source and the storage tank determines the amount of effort
required by a pump. A specified quantity of power will be
required by the water pump, which must be provided by a PV
array. Figure 1 is an example of a direct-coupled DC solar
photovoltaic water pumping system using MPPT [11].
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Figure 1. Direct coupled solar photovoltaic water pumping
system with MPPT

A direct coupled SPVWP is depicted in Figure 1. It consists
of a photovoltaic array as the power source, a storage tank to
store water for the system's 24 hour operation, a maximum
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power point tracking (MPPT) system to extract the maximum
amount of energy from the photovoltaic array, and a DC
surface mounted/submersible/floating motor pump set. The
mounting structure for the photovoltaic array can be fixed or
sun tracking, depending on the consumer need and cost. To
operate the pump set during the day, night, and cloudy
conditions, either a battery or a water tank can be utilised to
store electricity or water. The pump set and other components
of the SPVWP system must conform to applicable national and
international standards.

3. MATHEMATICAL MODEL OF PV ARRAY
3.1 Characteristics under uniform conditions

The electrical model represents the solar cell with two
diodes showing in Figure 2. Its current-voltage properties were
calculated by the next equations [12-14]:

I'=1Ipn —las —laz = Lsn (1)

The photo current is considered as in expression (2), the
current diodes are considered as in the following expressions
(3) and (4) consecutively:
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Figure 2. Photovoltaic cell model

G
Iph = (Iph,n + KiDT) — (2)
p p Gn
V + IRs
= - 3
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V + IRs
= — 4
Id2 =102 [exp ( VT2 ) ] (4)
101 = 102 Iscn 4+ KiDT
= - 5
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The shunt current and the panel voltage are determined in
formulas (6) and (7) as:

V + Rsl
Ish = 6
S Rsh ©
Vm = Ns*V (7

3.2 Mathematical model of DC pump (LSQB SERIES DC
MOTOR)

Many PV water pumping systems employ direct current
(DC) motors rather than alternating current (AC) motors
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because they may be directly coupled to PV arrays, resulting
in a reasonably simple system. Because of its higher starting
torque, a permanent magnet DC (PMDC) motor is preferred in
PV systems over other types of DC motors. The electrical
model of a permanent magnet direct current (PMDC) motor is
shown in Figure 3. When the motor turns, it produces a reverse
emf, also known as a counter electromotive force, which is
defined as an electric potential (E) proportional to the angular
speed of the rotor. The armature circuit's DC voltage equation
is ref. [9] obtained from the comparable circuit [15]:

V=ILRa+Ko (8)

where, Ra is the armature resistance.
The back emf is E=K-® where: K is the constant, and o is
the angular speed of rotor in rad/sec.
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Figure 3. Electrical model of PMDC motor

The motor shaft torque can be written as:

T="Ty—To ©)
where, T denotes the motor shaft torque, T, the
electromagnetic torque, and T, the torque, denoting the
mechanical (friction and windage) and iron losses. The
armature current is subjected to electromagnetic torque by:

T =Kyl (10)
where, K; denotes the torque constant. At no-load, armature
losses are negligible and may be ignored. Brush losses can also
be ignored as a first-order approximation, resulting in the
motor shaft output power P= T being represented as:

Using the knowledge that K = K, the constants for the
above model are derived using the manufacturer's rated data
and lo from a no-load test. Motor productivity may now be
expressed in the following way:

n

I-1,
motor=Kr To 670

(12)

The applied voltage and rotating speed affect the current lo.
A motor no load test can be used to determine these
dependencies.

4. METHODOLOGY

The PV string, which consists of 20 PV modules, is utilized
to test the behavior of this research. The open circuit voltage
of the PV modules is 21.6 V, the short circuit current is 7.34



A, the ideality factor is 1.5, and the series resistance is 0 ohm. established utilizing the PV string: four modules shaded, eight

For all of the case studies, T = 25°C is employed. Each PV modules shaded, twelve modules shaded, and sixteen modules
module in the PV string is equipped with one bypass diode. As shaded. Figure 5 displays the Flowchart of solar DC pump
shown in Figure 4, there are four experiment configurations performance according to shading effect.
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Figure 4. The procedures of measurement the water flow rate and head according the DC pump model that used in this work
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Figure 5. Flowchart of solar DC pump performance according to shading effect
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5. EXPERIMENTAL PART

The experimental part is implemented depending on the
solar board as shown in Figure 6.

Figure 6. Soler board employed in current study
The experimental board include:
i. PV panel

PV panel which used in this project is shown in Figure 7
and has specifications as given in Table 1.
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Figure 7. PV panel

Table 1. Specifications of PV panel

Related Maximum Power Pmax  120W
Open-Circuit Voltage Voc 314V
Short-Circuit Current Isc  5.05A

Voltage at Pmax Vmp 26.0V
Current at Pmax Imp  4.62A

ii. MPPT controller

MPPT controller that used in this project is shown in Figure
8 and it has specifications as given in Table 2.

Table 2. Specifications of MPPT controller

Rated Charge Current 50A
Rated Discharge Current 50A
Rated Voltage 12V/24V Auto Distinguish
Over-Charge Protection 13.7/27.4V
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Figure 8. MPPT controller
iii. DC Pump specifications

DC pump that used in this work is shown in Figure 9 and
has specifications as given in Table 3.

Figure 9. DC pump

Table 3. Specifications of DC pump

Model LSQB 1.5/15-D24/230
Max. Flow 1.5m3/h
Max. Head 25m

Power 230W

Outlet linch

Voltage 24V

6. RESULTS AND DISCUSSION

In this section, DC pump performance as well as the
influence of (1/4, 1/2, 3/4, and completely) shading on the
performance of the DC pump motor have been analyzed and
studied. Table 4 presents DC pump speed vs Vp panel voltage.

Table 4. DC pump speed vs Vp panel voltage

Shad. of PV Voltage (v) Speed r.p.m
No. shad 21.8 247
1/4 shad. 16.4 220
1/2 shad. 5.8 90
3/4 shad. 3.6 35
Full. Shad. Zero Z€ero

Figure 10 represents the relationship between PV panel
voltage, pump speed with respect to shading rate in addition to
the relation between PV panel voltage and pump speed during
shadow stages.
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Figure 10. (a) PV panel voltage vs shading rate, (b) PV panel
voltage vs shading rate, and (c) DC pump speed vs shading
rate

Table 5 represents the DC pump current values at different
shading area without using MPPT controller.

Table 5. Current values at different shading area

Shading DC pump load (A)
Without shading 1.11
1/4 1.05
172 0.93
3/4 0.55
Full Zero

Figure 11 shows are the current flow in DC motor is reduced
at different insolation. the current flow is reduced from (1.11
A) to zero when become full shading.

DC pump load (A)

Shading rate

Figure 11. DC pump load against shading rate

Figure 12 shows are the DC pump voltage is remained
constant (11.5V) due to using MPPT controller. But the speed
of DC pump at different insolation is reduce from 250 r.p.m to
130 r.p.m when become full shading area. Table 6 presents DC
pump voltage vs its speed by using MPPT controller.

Figure 13 shows are the current flow in DC motor is reduced
at different insolation. the current flow is reduced from (1.1 A)
to (0.36A) when become full shading area were using MPPT
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controller. Table 7 shows the values of DC pump current with
respect to the shading area under using MPPT controller.

Flow rate and Head: The values of flow rate and the head of
the water after connected the DC pump directly to the PV
panel are shown in Table 8.
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Figure 12. (a) PV panel voltage vs shading rate, (b) DC

pump speed vs shading rate, and (c) DC pump speed vs PV
panel voltage

Table 6. DC pump voltage vs its speed by using MPPT

controller
Shading DC voltage (motor voltage) Speed (r.p.m)
No. shad 115V 250
1/4 115V 224
12 115V 205
2/3 115V 180
Full 115V 130
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Figure 13. The relationship between the DC pump current
against the shading rate of the PV cell

Table 7. The values of DC pump current with respect to the
shading area under using MPPT controller

Shading DC pump current (A)
No shading 1.1
1/4 shading 0.84
1/2 shading 0.71
3/4 shading 0.52
Full shading 0.36

From above Figure 14, the values of water flow rate and
water head are reduced as the shading area is increased this
due to reducing the PV panel output power as respect to
sunlight beclouded, where the rate flow and the head of water
before operated the DC pump are 2.5 and 9.6 this case is
similar to that obtained from full shading because of full
shading the DC pump is stopped.



Table 8. Values of DC pump flow rate with respect to the
shading area under using MPPT controller

(a)

(b)

Shading GPM (flow rate) LPM (Head)
Without shading 3.8 145
1/4 shad. 3.6 13.2
1/2 shad. 3 11
3/4 shad. 2.8 10.1
Full shading 25 9.6
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Figure 14. DC pump rate of water flow against the water

head

7. CONCLUSIONS

This article provides a practical analysis of the DC pump's
performance, as well as an examination of the effect of shade
on the DC pump motor's performance at 1/4, 1/2, 3/4, and
entirely. The current study reveals that when the solar cells are
not shaded, the panel voltage is as high as possible, and thus
the pump speed is as high as feasible. And when we increase
the shading area from 1/4 to 1/2 until the solar cells are totally
shaded, the solar panel voltage drops to zero, and the pump
speed drops to zero as the pump current drops to zero,
rendering the solar cells unusable. Furthermore, by using
MPPT control, the motor voltage is stabilised at 11.5 and is
unaffected by the increased shade area, while the DC pump
current and speed are decreased.
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