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Abstract: the real parameters were used for speed control PMDC motor using PID controller. PMDC Motor and Mat lab/ Simulink
were used to design the transfer function and simulate PMDC Motor with and without Load, a with PID controller .The also study was
discussing the performance of PMDC Motor; it found that the PI have the best perform.
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1. Introduction

DC (Direct current) Motor is an electrical transducer that
converts the electrical energy in to mechanical energy DC
motor used in industrial applications, robotics application,
steel rolling, mills and railways. the advantage of DC motor
that are less complexity , less precise and wide range speed
mode for various operate in many applications . For the
operation on a wide range of speed it needs a controller to
control the speed of the motor to perform the desired job and
we need to eliminate the effect of disturbance that changes
the speed.

Many control methods have been developed to reduce the
effect of disturbance such as classical control , state — space
method , state feedback and optimal control but it do not give
good solution for reducing the effect of disturbance.

PID controller is one of the best advantage method for
solving problems raised due to variation in parameter of
system and environmental condition , PID controller are
simply , quickly and more reliable solution over classical
control and pole placement. The PID is a more robust control
method then classical [4].

In this paper proposed a PID controller and it tested for
various types of PID controllers. The designed Simulink
model of PID controller for speed control of PMDC motor
tested for various types of PID controllers, and found that for
all types of PID the PI operate efficiently and gives better
result to improve the speed control of PMDC motor in best
time.

2. Previous Studies

2.1Prabha Malvinas (PG Student), Menka Dubey (Sr. Asst.
Prof)

The paper shows various method of speed control of DC
Motor and many techniques for tuning PID controller [9].

2.2 Wasif Abdel Aziz Saluos, Mohammed Abdel Karatim
Alia the Gain scheduling ware implemented in PID controller
to drive a DC Motor. The paper show the improved of the

response system and eliminate the over shoot speed of Motor
[10].

2.3 Lokesh Kumaral

The paper introduced an artificial neural network in PID
controller to control DC Motor. It prepares the neural
network as solution to reduce the rise time and peak over
shoot.

3. The Mathematical Model of PMDC Motor

A DC motor consists of electrical and mechanical equation
described as:

Air gap flux given as.

The torque developed by the motor is given as.

Ti“?l = ‘E{t’raEj (2)
The back emf of the motor

e, = kpw,, (3)
Taking Laplace transform will get that
General equation of PMDCM is given as:

dl,
V,=Ryl,+L,—+E 5
a a‘a + a dt + b ( )

Taking Laplace transform for equation (5).
V, = RoI.(s) + sLa1.(s) + Ep(s) (6)
From equation (4 ) and (6 ) we get .
V,(s) = Rol, + sLol,(s) + Kps8  (7)

Ia (S)(Ra + SLa) = Va(s) - KbSB(S) (8)
The Load torque equation is given as:
d’0  de 1ok .
]ﬁ‘l'fﬁ_ m — Ntlg ()
Take Laplace transform for both side of equation (9)

Us? + fs)0(s) = Trm(s) = krla(s) (10)
From equation (10) I_a is given as.

1.(s) ==
a(s) P P

From equ. (8 ) and (11) we get

(11)
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(Js? + fs)(R, + SLy)6(s) _

,(s) - KosO(s)  (12)

Kr
U(s) = (Js“ +1s)(Ry + sL,)8(s) K56 (13)
Kr
From equation (13)
9(5) . KT 14
V.(s)  (Js? + fs)(R, + SL,) + sk, (14)

Where

R, = Armature resistance () .
L, = Armature inductance (H).

J.n = Motor of intertia (Kg. mz/sz)_

K, = motor constant.
f = Daming frication coef ficient.

4. Dynamic Model of Direct Current Motor

The motor connected with dynamical Load repesentited on
figure (1).

Figure 1: Show the electrical circuit of PMDC Motor with
Dynamic Load

5. PID controller (proportional, integral, and
derivative controller)

PID controller is a proportional _integral _derivative
controller used ,In many industrial control systems. It is
control loop feedback mechanism, that continuously
calculates an error value as the difference between measured
process variable value and set point the job of controller is to
minimize the error over time by adjustment the control
variable .the PID controller used when the system affected by
disturbance and it has given better result if its tuned properly.

The proportional, integral, and derivative terms are added
together to calculate the output of the PID controller.

The Proportional value determines the reaction to the current
error, the Integral value determines the reaction based on the
sum of recent errors, and the Derivative value determines the
reaction based on the rate at which the error has been
changed, figure 2 represent the close lop system with PID
controller

=Setpoint - b Error -+ 1 ,‘\‘_.I-U{r Wit —Qutput —»

Figure 2 show the close loop system with PID controller

Defining u(t) as the controller output, the final form of the
PID algorithm is:
de

u = er+K:_fedt+Kna

5.1 The characteristics of P, I, and D controllers

A proportional controller (Kp) will have the effect of
reducing the rise time and will reduce it, but never eliminate,
the steady state error.

An integral control (Ki) will have the effect of eliminating
the steady-state error, but it may make the transient response
worse. A derivative control (Kd) will have the effect of
increasing the stability of the system, reducing the overshoot,
and improving the transient response [7].

Effects of each of controllers Kp, Kd, and Ki on a closed-
loop system are summarized in the following table (1).

Table 1: The characteristics of P, I, and D controllers

CL OVERS | SETTLING

REsPONSE | RISETIME | yoor|  mimp | S5 ERROR
Kp Decrease Increase | Small Change| Decrease
Ki Decrease Increase| Increase Eliminate
Kd Small Change| Decrease| Decrease  |Small Change

5.2 Tuning of PID controller by using Ziegler — Nichols
method.

Ziegler — Nichols method is one of more effective methods

that up the usage of PID controller in industrial control

systems. It continuous cycling method to tuning controller,

based on trial and error procedure that as:

e Run the controller by taking only (Kp) the other (Ki) and (
Kd) is zero.

o Increase Kp value until the system is oscillation.

o Take controller gain over time period[1].

e The loop- tuning constants of the PID controller tabulated
in table(2).

Table 2: Ziegler — Nichols tuning method

Ziegler-Nichols method giving K’ values
(loop times considered to be constant and equal to dT)

Control Type Kp Ki' Kd'
= 0A50k; 0 0
f=7i 0,45Kc 1,2KpdT./ F’c 0
PID 0.60K_ 2KpdT LP K‘DPC / (8dT)
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6. Matlab/Simulink

6.1 Matlab/System model of DC Motor without Load:

TL WM—

output

Y PMDCMOTOR
Figure 3: Matlab/simulink model of PMDCM without load

The figure3 show the simulink model PMDC Motor using
step signal to represent the volatge input and the output are
current and speed.

5.2 Matlab/Simulink model of PMDC Motor with PID
controller

ref speed

\

PID Controller

1.

PMDCmotor output on the scope
LOAD
Figure 4: Matlb/simulink model of PMDCM with PID
controller

This is figure 4. Shows Simulink model of controlled DC
motor using PID controller for controlling DC motor speed.
the DC motor drive mechanical Load characterized by
inertia J , Load torque T_L and friction coefficient f_ .The
(PID) controlled the speed of DC motor through loop ,that
senses the actual speed of DC motor and compared with
reference speed ,the different between the actual and
reference speed determine the armature current required by
DC motor.

7. Results and Discussion

Real parameters are used in Simulink model of PMDC
motor, and find out the Simulink responses for MPDC motor
without Load and with Load. After that insert the various
types of the PID controllers to the Simulink model of DC
motor with same parameter.

The Simulink response of figure 5. shows the rise time is 8.5
second , settling time is 10 second and the speed 140(rad/sec)
when DC motor without Load .as we see that the motor take
long time to reach steady state response also current take 8
second to decrease.

Figure 5: Simulink response of PMDC Motor without Load

Figure 6: Simulink response of PMDC Motor with Load

Simulink response of figure 6 Show the PMDC Motor the
speed is decrease from 140(rad/sec) on figure.5 to
100(rad/sec) when it is Load by (2Nm). And the current
increase by 50%, the rise time is 9 second and settling time is
10 second. So DC motor is effect by disturbances.

Figure 7: Simulink response of PID controller for TL (2Nm)
and speed (160 rad/sec)

Figure 8: Simulink response of PI controller for TL (2Nm) a
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Figure 8 Simulink response of PI controller for TL (2Nm)
and speed (160 rad/sec)

Simulink response of PID controller for constant torque
(2Nm) and constant speed (160rad/sec) is shown in figure (7)
its shows that rise time of response is about 0.75sec. It’s
have maximum over shoot at t= 0.9 sec. after t=5 sec. it’s
give steady state response.

The response of PI controller is shown in figure.(8), its shows
that rise time of response is about 0.8 sec. it’s have maximum
over shoot at t = 1sec. and after t = 3.5 its give steady state
response.

For the validity of the result we find out Simulink response of
PID and PI controller for constant Load and speed as shown
in figures (7 - 8). It’s seen that the PID controller improved
the transient response and the steady state of MPDC motor
and the best for control speed is PI controll
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