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In this paper, we first write a description of the operation of DC motors
taking into account which parameters the speed depends on thereof. The PID
(Proportional-Integral-Derivative) controllers are then briefly described, and
then applied to the motor speed control already described, that is, as an
electronic controller (PID), which is often referred to as a DC motor. The

closed loop speed control of a Brush DC motor is developed applying the

well-known PID control algorithm. The objective of this work is to designed
Keywords: and simulate a new control system to keep the speed of the DC motor
constant before variations of the load (disturbances), automatically

DC Motor . !
depending to the PID controller. The system was designed and

ﬁgTLAB/SIMULIK implementation by using MATLAB/SIMULINK and DC motor.
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1. INTRODUCTION

At present, most of the motors in the industry are handled directly from the electrical distribution
lines, whether they are DC or AC motors. Because of this, the behaviour of the motor depends on the nature
of the load coupled to the axis of the machine [1-5]. In the case of a light load the motor develops a relatively
high speed and a low torque because it is the load requirement. On the contrary, if a heavy or difficult to
move load is available, the motor will move at a lower speed and deliver more torque as a higher load
demands it [4-9].

As can be seen by directly connecting the motor to the AC or DC electrical network, its behaviour is
defined and it will remain unchanged for a certain fixed voltage in the power supply line. However, in a large
part of the industrial sector, there are processes in which the management of the operating characteristics of
said machines is required, which is why parameter control devices such as speed and frequency variations are
used. In the case of AC motors, these devices are commonly used and have a relatively low cost, however,
when working with DC motors the variable speed drives have an excessively high cost which makes them
little accessible to many industries that require its use [6-12].

In this paper to design and implementation speed control system of DC Motor based on PID control
and Matlab Simulink, the motor is divided into two main parts the electrical part of the armature and the
mechanical part [11, 12]. The armature is modelled as a circuit with resistance R connected in series to a
conductor L, a source of voltage V and constant Kb of force against electromotive in the armature. The
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mechanical part of the motor is the rotor which, when in motion, has a moment of inertia J, a Torque T, a
viscous friction coefficient b, a position 6 and an angular velocity b6 = o [4,7,10,11-12].

The PID controller is responsible for correcting the error it receives from the difference of the input
signal and the output signal of the tachometer, the corrected error enters an amplification stage before
entering the plant. In this paper the development of a speed and direction motor for an autonomous race robot
is presented. Both controls use the PID control algorithm [13, 15-20].

The paper aims to provide a solution to the difficult access that economic conditions have for these
automation technologies, developing an own speed control system for any DC motor that requires it,
economically viable and applicable to any type of machine, of easy use and implementation in all types of
industrial processes[19-25].

2. THE BASICS OF DC MOTORS

The history of the development of the construction of electric machines began in 1831 with the
discovery of Faraday's law until the middle of the eighth decade of the last century. The DC motors are
machines that convert electrical energy into mechanical energy, causing a rotary movement. There were
several reasons for the prolonged popularity of dc motors. One was that DC power systems are common even
in cars, trucks and airplanes. When a vehicle has a DC power system, it makes sense to use DC motors. DC
motors were also applied when wide variations in speed were required. Before the widespread use of
electronic power rectifier inverters, dc motors were not matched in speed control applications. Even if there
were no dc power source, the solid-state rectifiers and the trimmer circuits were used to create the necessary
power; dc motors were used to provide the desired speed control (induction motors with groups of solid-state
controllers are now preferred for most speed control applications.) However, there are still applications where
DC motors)[6-9].

The dc motors are driven by a dc power source. Unless otherwise specified, it is assumed that the
input voltage is constant, since this assumption simplifies the analysis of the motors and the comparison
between the different types of them. There are five types of general purpose DC motors:

—  Independent excitation direct current motor.
—  Direct current motor in derivation.

—  Permanent magnet direct current motor.

—  Direct current motor in series.

—  Composite direct current motor.

The Figure 1 show the full equivalent circuit of the dc motor. The equivalent circuit in Figure 1 is
similar to the generator circuit only the current directions are different. The operation equations are, (1) is
present the Armature voltage equation [11-12].

Figure 1. Full equivalent circuit of DC motor

Vac = Eam + lamRa + Vprush (1

The induced motor voltage and motor speed vs angular frequency of the motor is present in (2). The
combination is present in (3) and the output power and torque are present in (4).

Egm = Knlfw
w = 2nn,, 2)
Knlfw = Egm = Vge — lgmRim (3)

Pour = Eamlam
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T =% = K Loy (4)
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3. THE EXPLANATION OF PID CONTROLLER SYSTEM
3.1. The control systems

Automatic control is of vital importance in the world of engineering. In addition to being essential in
robotic systems or modern manufacturing processes, among others applications, has become essential in
industrial operations such as pressure control, temperature, humidity and viscosity, and flow in the
processing industries. Figure 2 shows a generic block diagram of a control system, in the Laplace domain.

r(s) O* e(s) G(s) C(S);

-~

-

H(s)

Figure 2. The block diagram of a control system

Typically, the feedback contains a sensor or transducer element that measures a physical parameter,
such as speed or temperature, and converts it into a voltage or current.

The basic function of a controller is to compare the real value of the output of a plant ¢(t), with the
reference input r(t) (desired value), determine the error e(t), and produce a control signal that will reduce the
error to a value close to zero.

Figure 3 present the specifications for a control problem are often given in the time domain,
and usually include a certain transient response and an error in state stationary, for a specific entry as is
usually a step.

u(s) c(s)

»  G(s 2
u(t) (s) c(t)
H(s) |

Figure 3. The specifications for a control problem

One way to achieve this is by placing a transfer driver Gc (s), in the control loop, as shown in the
Figure 3. The error signal E (s) is the input to the controller, and U (s) is the output of the same and at the
same time the input to the plant, and the purpose of the controller is to make the output of the system follow
the input. In Figure 4 we observe the different types of response according to the controller that is used.
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Figure 4. Response to the step of a closed-loop feedback system given by: (a) Controller P (b) Controller PD
(c¢) Controller PID

3.2. The PID controllers method

error is changing with respect to time. In this way, the controller can estimate future values of the
error signal and compensate accordingly. It should be taken into account that even if the error is constant and
the derivative term does not contribute, if it is variant in time this term can be used to reduce the offset called
steady-state error. Another problem associated with the PD is that it works like a high-pass filter. Therefore,
the PD controller amplifies the high frequency noise, which reduces the stability of the total system.

To eliminate the steady state error, an integral term is added. That term it gives the PID controller
the ability to remember the past, also allowing an output non-zero for a null entry. So this controller allows to
have a status error stationary equal to zero. In return, the integrator adds a pole in the function of closed loop,
with which the stability of the system declines. From the above, the PID is an excellent controller. The
transfer function is given in (5)[12-18]:

Ge(s) = Ky + K. S + 2 )

It should be clarified that if a mathematical model of the plant can be deduced, it is possible apply
several techniques to determine the controller parameters, which comply with the transient and steady state
specifications of the closed loop system. However, if the plant is so complicated that you cannot easily obtain
your mathematical model, the analytical design model of the PID controller is possible. Then you have to
resort to experimental procedures for the design of this type of controller. The process of select the
parameters of the controller so that it meets the specifications of operation is known as tuning or tuning the
controller. Ziegler and Nichols suggested rules for tuning PID controllers, that is, setting the values of Kp,
Kd and Ki[11,16].

3.3. Types of PID controllers

for PIDs The transfer functions for the different types of PID drivers are[20-25]:
a.  PID not interacting or ideal form : is present in (6).

_ i 1+Tq.p
Gep) = Koo (147 + i) (6)

b. Interactive PID or series form : is present in (7).

Ge. () = Ko (1+ =) (L) @)

K;p 1+a.Tyg.p

c.  PID parallel form : is present in (8).
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- Ki Kq-p
G =K+ + ®)

d.  PID industrial form : is present in (9).

1+Tg.p

u(t) = KC.(l +71p).(r(t) — LTaP y(t)) ©9)

1+a.Tg.p

4. SIMULATION RESULTS AND DESCTIONS

Figure 5 shows the final MATLAB/SIMULINK speed control circuit separately excited dc motor
using chopper transistor circuit. MATLAB/SIMULINK toolbox is used in this paper to model the full
system, it consists of DC motor fed by a DC source voltage through a chopper transistor circuit. A single of
GTO-1 thyristor with its full control circuit and a free wheeling diode form the chopper circuit. The GTO-1 is
a switch modeled. The switch block model has three terminals: the middle terminal is a controls which of the
two other terminals is routed to the output. The control input signal is one, DC V is leading to the output
voltage, on the other hand, the control input singals is zero, a zero will be leading to the output.

PID Controller

PWM Generatar Saturation  PID Controller Add J Reference Speed

P D - PID(2) qﬂ E’

Scope

N |
: F ' 'I_@
Constant |°| <Speed wm (radis)= "u Soapet

[ ;
. W - e <Armature current ia (A}
Gto-1 Series Branch-1 DC Motor - : speed
<Field current if (4)> o l:l Scope
B Diode-1
DC Voltage( Input) Scoped
T =Eledirical torgue Te (nm =

Figure 5. The final simulation circuit of the speed control motor based on PID control

The DC motor drives system with a mechanical load characterized by inertia (J), friction coefficient
(B), and torq of the load (TL). The control circuit of the DC motor system consists of a speed control loop. A
proportional-integral-Drivetive (PID) controlled the speed of the control loop senses the actual speed of the
DC motor, and compares the mesurring speed with the reference speed (constant value) to determine the
reference armature current will be required by the DC motor. One may notice that any difference in actual
speed is a measure of the current of the motor required by the engine.

The simulation results of the full system are present on Figure 6 to Figure 9. Figure 6 present the
simulation results of rated speed (wr) related to the reference speed, in this figure we can see the fast
response of the PID control system of the system.
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Figure 6. Simulation results of rated speed (wr) related to the reference speed

The load torque (TL) in Figure 7 and the armature current (A) of the DC motoe is presented in the
Figure 8 of the DC motor is presented the same fast response of the PID control system. Finaly the PWM
signals of the thyristor (GTO-1) is presented in the Figure 9.

Note: The parameter of the PID are (P=4, 1=0.01 and D=0.5.

Current(A)
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Figure 7. The load torque (TL) of the DC motoe
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Figure 8. The armature current (A) of the DC motoe
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Figure 9. The PWM signals of the thyristor (GTO-1)

5.  CONCLUSION

The first point discussed in this work was the description of the operation of a DC motor, where the
different aspects related to its operation were analysed, and the parameters that influence the speed control of
them. Then, made the operation of the PID controllers system, and their application to the control of the
speed of a DC motor. It is important to consider here that the effect on the dynamic behaviour of a control
loop is directly related to the type of controller used, PID in our specific case, and its operation, either as a
servomechanism or as a regulatory system. But it must also be taken into account that the equations used by
the manufacturers to carry out their PID controllers are not all the same.

The differences that exist between the equations used by the manufacturers to represent the PID
algorithm in their loop controllers, direct digital control programs and other equipment, make it indispensable
to know in order to be able to calculate the required parameters thereof in an appropriate manner and achieve
the desired dynamic behaviour of the control loop. The foregoing is fundamentally important when replacing
one controller with another, especially if the new one is from another manufacturer.

The results that have been presented and the methodology that has been proposed represent an
important contribution in the field of experimental modelling of systems for obtaining models of the
dynamics of unknown systems.
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