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Abstract - This paper presents a new modeling and
dynamic design for pump drive system utilizing
MATLAB /SIMULINK Program to control the speed of
motor. In this modeling we use MATLAB program
implementation to reduce the energy consumption by
the implementation of Variable Frequency converter
(VFC) and hence the proper control of fluid flow rate.
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I. INTRODUCTION

However, about a third of the world's electrical energy is
consumed by electric motors in fixed-speed centrifugal
pump, fan and compressor applications. The processes, in
the form of liquid or gas flow, are typically driven by large
electric motors with the power demand following affinity
laws. Pumps are devices that deliver a pressure increase
to liquid and it's a largest consumer of energy in the
industrial sector. The pump provides the energy necessary
to drive the fluid (water) through the system and
overcome friction and any elevation difference.

Driving the pumps with fixed speed motors and
controlling them at partial loads either by throttling or
mechanically by fluid coupling decreases the power plant’s
efficiency tremendously. When large flows must be
controlled and motor energy consumption is significant,
varying the motor’s speed is the answer. In order to
reduce maintenance costs and further improve the plant's
efficiency, the pump drive systems were upgraded with a
variable speed converter (VFC) system or called a variable
frequency drive (VFD). Controlling pumps by adjusting
speed avoid wasting energy. Variable speed drives in a
pump system are now a mature technology, which can
generate large benefits to the user in cost savings and
reliability improvements, in the right applications. Pump’s
drive means a sequence of energy conversions from
electrical input power to mechanical output power and
then to hydraulic power (figure 1). Each conversions is
described by his specific equations and reference
frames.[1,2,3,4,5,6]

The theory of operation of pumps can be characterized by
the affinity laws:

¢ Liquid flow is linearly proportional to the pump speed
(equ.1)

» Head changes with square of the ratio of speed (equ.2)

¢ Power demand changes with cubic of the ratio of speed

(equ.3).
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When a centrifugal pump is used with an adjustable
speed AC drive, the energy costs can reduce by (10 to 60)
% of full energy if the pump is designed to operate

between(40 to 80)% of full
speed[7,8].
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Figure 1: Pump drive system diagram

Figurel shows the proposed model of pump drive system,
it's consists of three main units:

1. The variable frequency converter (VFC)
2. The A.C. motor
3. The pump
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1.The variable frequency drive (VFC)

The variable frequency drive (VFC) is a device used to
apply a desired frequency to control the speed of the
induction motor, and the motor controls the pump speed.
It consists from three units:

1.1-Rectifier and filter stage

A full-wave, three- phase 50 Hz solid-state diode rectifier
converts power from a standard 220V
or higher utility supply to either fixed or adjustable DC
voltage. The DC bus comprises with a filter

section where the harmonics generated during the
AC to DC conversion are filtered out [1, 3, 8,9].

1.2-Inverter

The inverter adjusts the output voltage or frequency
values of the motor, and controlled by pulse width
modulation (PWM) from controller, so that the output
current waveform closely approximates a sine wave
(quadrature-axis).  Electronic power switches (IGBT)
Insulated Gate Bipolar Transistor, switch the rectified DC
on and off, and produce a current or voltage waveform at
the desired new frequency to controls the motor torque.
[2,9,10].

1.3- Controller circuit

The controller is essential unit in the circuit and it's used
to vary the output speed of induction motor

according to environment temperature degree, the
pumping will change according to speed of motor.
Controller circuit may incorporate many complex control
units:

A. proportional-integral-derivative (PID):

The input to this unit are two values, one is drive speed of
the motor as a reference voltage and the second is speed
as temperature function equation, the PID will
comparative these values and then generates three control
signals [9,11]:
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Figure 2: Simulink scheme of the PID unit
B. Pulse width modulation(PWM)unit

This unit is generate a three phase PWM to control the
inverter [2,3,6,10].

Figure 3: Simulink scheme of the PWM unit

C. Sensor

The environment temperature degree is measured by a
sensor as a criterion and it is transmitted to PID controller
as voltage signal.

2.Induction motors (IM)

The three phase induction motor works as a converter of
electrical energy to mechanical energy that
exerts the electromagnetic torque to centrifugal pump
[1,4].

Induction motor parameters are: 220V; 3phase; 50
Hz; 4 poles; 1480 rpm; 75 KW; 0.87 P.F.

3. The pump

Centrifugal pump is a type of a turbo machine in which
mechanical energy is converted into pressure energy by
means of centrifugal force acting on the fluid. It is
classified as rotor dynamic type of pump in which dynamic
pressure is developed which enables the lifting of liquids
from lower level to higher level. Since lifting of liquid is
due to centrifugal action, it is called as centrifugal pump.
Centrifugal pump has high output and high efficiency
compared to other types of pumps [12].

I1. VARIABLE SPEED CONTROL STRATEGY

At this strategy, the VFD changes the three phase AC
sinusoidal voltage into DC voltage through rectifier stage,
the harmonics generated during the AC - DC conversion
are filtered out and send to inverter unit, which comprises
six insulated gate bipolar transistors (IGBT) where the
filtered DC supply is being converted into quasi-sinusoidal
wave of AC supply and supplies to the induction motor.
Therefore by varying the frequency of the power supply
according to the environment temperature degree through
VFD, the speed of the motor can be controlled, see figure 9.
The controller circuit receives feedback information from
the driven motor and sensor to adjust the output voltage
or frequency to the selected values. Usually the output
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voltage is regulated to produce a constant ratio of voltage 25

to frequency (V/Hz) [2,3,5,6,9,11,13].
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III. SIMULATION RESULTS

The simulation results of the pump drive is done by
MATLAB/SIMULINK are presented below,

Figure 5 shows the three phase pulse width modulation Fig -7: Open Loop electromagnetic torque waveforms

output (pulse signal) to inverter, where the phase shift

between the signals is 1200 Figure 8 shows the rotor and the reference speeds with

open Loop control, it is clear that the rotor speed is
constant(1780 rpm),it dosen’t variation with the
environment temperature degree.
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Figure 5: PWM waveforms
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Loop control, and figure 7 the electromagnetic torque, it is Fig -8: Open Loop rotor and reference speeds Waveforms
clear that the constant speed leads to constant current and

Figure 6 shows the rotor and stator currents with open

constant torque. The simulation result and gating signals for closed loop
are shown in figure 9, it is clear that the effect of the
frequency variation on the stator current, electromagnetic
torque and leads to change the speed of rotor, where the
frequency is a function of a temperature degree.
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Fig -9: Closed Loop waveforms

IV. CONCLUSIONS

¢ Using VFC can save energy according to affinity law, so
that a small reduction in speed can save a large amount of
energy (improve the speed control of pump).

¢ Using the VFC unit is a good solution for improving the
response and control precision of hydraulic motor.

¢ Using the VFC will changes the electrical frequency of
the supply voltage , that lead to changes the rotor speed of
the motor and hence the flow rate of water, that lead to
changing the environment temperature degree.

e Using PID control will increase the cost of the drive
system and control complexity, but achieves the expected
energy savings target.
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