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ABSTRACT

This paper presents an application of Fuzzy Logic Control (FLC) in the
separately excited Direct Current (DC) motor drive (SEDM) system; the controller
designed according to Fuzzy Logic rules. Such that the system is fundamentally robust.
These rules have capability learning, can learn and tune rapidly, even if the motor
parameters are varied. The most commonly used method for the speed control of dc
motor is Proportional- Integral- Derivative (PID) controller. Simulation results
demonstrate that, the control algorithms Neuro-Fuzzy logic and PID, the dynamic
characteristics of the SEDM (speed, torque, as well as currents) are easily observed
and analyzed by the developed model. In comparison between the Neuro-fuzzy logic
controller and PID controller, the FLC controller obtains better dynamic behavior and
superior performance of the DC motor as well as perfect speed tracking with no
overshoot, and the proposed controller provides high performance dynamic
characteristics and is robust with regard to change of motor speed and external load
disturbance. This paper also discusses and compares the speed control systems of
SEDM using PID- controller conventional and Fuzzy Logic-controller. The entire
system has been modeled using MATLAB 10a/SIMULINK toolbox.

Keywords: Separately excited (D.C.) motor (SEDM), Fuzzy Logic Controller (FLC),
Adaptive Neuro-Fuzzy Logic Controller, Proportional-Integral-derivative (PID)
Controller.
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INTRODUCTION
he fuzzy logic controllers (FLCs) of a given process is capable of embedding,
in the control strategy, the qualitative knowledge and experience of an
operator or field engineer about the process [1]. Therefore, FL plays the role
of a suitable ‘user interface’, in the task of translating designer’s insight about the
system into the control law, resulting in an inherently nonlinear adaptive controller,
capable of outperforming other control techniques, such as model reference adaptive
control and sliding mode  controllers [2].
Research on fuzzy logic applications in control shows a couple of general trends.
The first and the oldest one is of heuristic nature. It is based on qualitative knowledge
and experience of an expert with regard to the system behavior, that is used in order to
achieve a given control objective. ‘Trial and error’ approaches usually applied in this

case in the analysis of the most appropriate domains for input/output fuzzy variables
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and in construction of the knowledge base [3]. The second, deterministic approach is
based on a more or less systematic methodology for identification of the structure
and/or parameters of a fuzzy controller [4].

The DC motor drive is a highly controllable electrical motor drive suitable for
robotic Manipulators, guided vehicles, steel mills and electrical traction, position
control, steel mining, paper and textile industries [5]. In some industrial application the
high dynamic response of drivers is bounded by certain limitations such as transient
time and steady state error. To achieve these limitations, different control strategies
have been implemented to regulate the dc motor drive including PID control, adaptive
control, fuzzy logic control, neural network and nonlinear digital control [6].

Direct current motor drives have been widely used where accurate speed control
is required. The Proportional-Integral- derivative (P-1-D) controller is one of the
conventional controllers and it has been widely used for the speed control of dc motor
drives. The major features of the PID controller are its ability to maintain a zero
steady-state error to a step change in reference. At the same time PID controller has
some disadvantages namely; the undesirable speed overshoot, the slow response due to
sudden change in load torque and the sensitivity to controller gains K, K, and Kg. In
recent years, new artificial intelligence-based approaches have been proposed for the
speed control of dc motors [7].

Recently, fuzzy logic employing the logic of approximate reasoning continues to
grow in importance, as it provides an inexpensive solution for controlling complex
systems. The speed of DC motor can be adjusted to a great extent as to provide
controllability easy and high performance [8]. The controllers of the speed that are
conceived for goal to control the speed of DC motor to execute one variety of tasks [9].

In this paper the proposed a FLCs has some features for the speed control in
SEDM drive, which the speed signal only is required in the control fuzzy logic, and the

transient response is improved. Finally, the simulation results are demonstrated.

Modelling And Simulation Of Separatley Excited D.C. Motor (Sedm)
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The system contains a separately excited D.C. motor (SEDM), a model based on
the motor specifications needs to be obtained. As shown in figure. (1).

In a separately excited dc motor, the field coil is supplied from a different
voltage source than that of the armature coil. The field circuit normally incorporates a
rheostat through which the field current, and thus the motor<s characteristics, can be
externally controlled. This motor is mainly suitable for two types of loads; those that
require constant torque for speed variations up to full-load speed, and those whose
power requirements are constant for speed variations above nominal speed [10]. The
field current is constant, and then the flux must be constant. The electrical armature
and field circuit can model the motor. In this simple model Ra and La indicate the
equivalent armature coil resistance and inductance respectively and Rrand L; indicate
the equivalent field resistance and inductance respectively, va is the voltage supplied

by the power source. The basic motor equations are:

To=Krisla=Knia @)
e=Kiirom=Knoow . 2)
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Where Km = K;s if, is a constant, eq is the back electromotor force, Tq is the
torque of the motor, Ty is the torque of the mechanical load; J is the inertia of the rotor
and B is the damping coefficient associated with the mechanical rotational system of
the motor.

The block diagram shown in Figure. (2) is obtained from these equations of the
separately excited D.C. motor. The transfer function block diagram of the separately
excited D.C. motor is developed in "Matlab". The Separately Excited D.C. Motor
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(SEDM) parameters are: 1800 rpm, 220 Volt, L= 3.2 mH, R= 2 Q, rotor inertia
(J) = 0.11 kg/m?, B=0.0001N.M. TL=21.4 N.M., the speed at full-load =1500 rpm.
The speed response without controller is shown in Figure. (3).

PID CONTROLLER:-

PID” is an acronym for “proportional, integral, and derivative.” A PID
controller is a controller that includes elements with those three functions. In the
literature on PID controllers, acronyms are also used at the element level: the
proportional element is referred to as the “P element,” the integral element as the “I
element,” and the derivative element as the “D element.” the three elements of the PID
controller produce outputs with the following nature:

* P element: proportional to the error at the instant t. This is the “present” error.

* | element: proportional to the integral of the error up to the instant t, which can be
interpreted as the accumulation of the “past” error.

* D element: proportional to the derivative of the error at the instant t, which can be
interpreted as the prediction of the “future” error.

The general continuous-time PID controller has the expression  [11, 12, and 13]:

UO)=Kee () +Kif, e(t)dt+KddZ—(tt) .(5)

Where variable e(t)=r (t)-y(t) is the tracking error signal between the reference
r(t) and the controlled system output y(t), this error signal will be sent to the PID
controller and the controller computes both the derivative and the integral of this error
signal. The signal U(t) from the controller is now equal to the proportional gain (Kp)
times the magnaitude of the error plus, and (Ki)times the integral of the error plus, (Kq)
times the derivative of the error [14, 15]. This is firstly converted into the frequency

domain to get:

U=(Kp+o+SK)EG) ... (6)
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The PID controller helps get our output (velocity, temperature, position) in a
short time, with minimal overshoot, while little error, and framework solves many
problems and sufficiently flexible to incorporate additional capabilities [12,13].

In this paper, a result when using trial and error method of the PID controller
parameters, to achieve a suitable output speed performance of the separately excited dc
motor system are:

K, =4, K; =30, Kq =0.2. That the transient response gives input;

* Rise time =0.2 Sec.

* Maximum overshot = 25 rad/sec.
* Settling time = 0.7 Sec.

* Steady state error = 0%.

The simulation of the transfer function block diagram of a separately excited
D.C. Motor with PID control is shown in Figure. (4). The output speed performance of
conventional PID Tuning of separately excited dc motor under no-load and full load

conditions is shown in Figure. (5).

ADAPTIVE NEURO-FUZZY SPEED CONTROLLER:-

The planned Neuro-Fuzzy controller incorporates fuzzy logic algorithm with a
five layer artificial neural network (ANN) structure as shown in fig. (5). A tuning
block is utilized to regulate fourth layer's parameters in order to right any deviation of
control effort [15, 16].

The normalized speed error and the rate of change of actual speed error are the
inputs of the Neuro-Fuzzy Controller. In layer 1, every node i is an adaptive node with
a node function;

01,; = ugi(m) Forl=1,2 or
01; = ppi—o(n) Fori=3,4 ....(7)

(Here we denote the output of the ith node in layeras ! as O, ; )
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Where m (or n) is the input to node i and Ai (or Bi-2) is a linguistic label such as
'small' or 'large’ associated with this node. The membership function for A can be any
suitable parameterized membership function. In proposed scheme generalized bell

function is used as a membership function given by equation (8).

1
m) = ————
Ha(m) 1+|—ma_Ci 2bi
i

Where a;, bi and ¢; are the parameter set. As the values of these parameters
changes, various forms of bell shaped membership functions can be getting for fuzzy
set A. Parameters in this layer are referred to as premise parameters. In layer 2, every

node is a fixed node labeled, whose output is the product of all the incoming signals.
02 = w; = pigi(M)pp;(n),i=1,2... (9)

Each node output represents the firing strength of a rule.
In layer 3, every node is a fixed node labeled N. The outputs of this layer are

normalized firing strengths given by equation (10).

i=1,2  ....(10)

J— Wi
O3; =W, =——,
4 W1+W2

In layer 4, every node i, is an adaptive node with a node function given by
equation (11).
04i =Wifi =wW,(Pm+qin+r) .. (11)
Where is w, a normalized firing strength from layer 3 and P,, q; and r; are the
parameter set of this node. Parameters in this layer are referred to as consequent
parameters. Layer 5 is the single node layer with a fixed node labeled, which computes

the overall output as the summation of all incoming signals.
J— Ziwifi
05’1' = Zi Wlfi = 21—W1 ...... (12)
Hybrid learning algorithm is used in proposed controller. In the forward pass of
the hybrid learning algorithm, node output goes forward until layer four and the
consequent parameters are identified by the least squares method. In the backward

pass, the error signals propagate backward and premise parameters are updated by
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gradient descent [16]. The consequent parameters thus identified are optimal under the
condition that the premise parameters are fixed. Thus, the hybrid approach converges
much faster since it reduces the search space dimension of the original pure back
propagation.

Figure. (8) Presents proposed equivalent ANFIS architecture. Figure. (9a and
9b) Shows input membership functions and Figure. (10) Two Input (1, 2) rules of
proposed ANFIS, Figure. (11) Shows output surface of proposed ANFIS respectively.

Note: The appearance of the top; is represent the characteristic or behavior of fuzzy
logic

THE SIMULATION RESULTS AND DISCUSSION:-

A complete simulation model for SEDM drive is developed as shown in
Figure. (12), a comparison is made with the response of conventional PID speed
controller. The parameters of the SEDM considered in this study are summarized, in.
Figure. (13) Shows waveforms of the speed control for SEDM, by a comparison
between a PID Controller and open loop. Figure. (14) Shows waveforms a comparison
between open loop and Neuro-Fuzzy Logic Controller. Figure. (15) Shows waveforms
a comparison between Neuro-Fuzzy Logic Controller and PID Controller as well as
open loop. Then the Figure. (16a and b) shows the simulation of armature current and
load torque versus the time for speed control of a separately excited dc motor under no
loading and full loading at ( 21.4 N.M.) conditions. (That load (21.4N.M.) gives the
speed 1500 R.P.M. (157 Rad. /Sec.)) from the practical calculations.

* The results show that implementing a NFLC is an effective solution to simplify
the data processing that required by the PID while maintaining its like approach and
control capabilities, the NFLC controller (no overshoot), therefore better than PID

controller. These results shown in table (1) and figures (12, 13, and 14).
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CONCLUSIONS:-

* The goal of this research is to solve the problem of high current. The procedure of
efficient algorithm control (Neuro- fuzzy logic) to track the velocity, the conventional
trial and error method for optimal response.

* Adaptive Neuro-fuzzy logic controller drive has some advantages. Reduced
number of rules, faster speed of operation and no need for modifications in
membership function by conventional
trial and error method for optimal response.

* According to the results, the NFLC is better than the PID controller. The
controller presented gives satisfactory performances and possesses good robustness
because of (no overshoot, minimal rise time, Steady state error = 0).

* For optimization in the speed control of separately excited D.C. motor, PID
controller and the Adaptive Neuro-fuzzy logic controller were chosen and a
comparison is made between them, and a good result found by using.
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Table (1) the Results Comparison between PID Controller and Adaptive
Neuro- Fuzzy Controller at No -Load and Full — Load.

PID NEURO-FUZZY
CONTROLLER CONTROLLER
RESULTS

Maximum overshot 25 8 0
rad/sec. rad/sec. | rad/sec.

Rising 0.2 0.3 0.2
time (Sec.) Sec. Sec. Sec.

Settling time (Sec.) 0.7 0.4 0.2
Sec. Sec. Sec.

Steady state error (%)

0% 0% 0%
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Figure (1) The equivalent circuit of separately excited dc motor.

! . 1 + TO.I'Q'JB t-r):-- 1 ﬂ“@'ﬂ [‘EFM E-w » D
158542 ¥ " |ntissan0nt "
Scope(Tmj
& 1
4
i Dl ()
m Torgue of the Mechmical Load

B

Figure (2) The transfer function block diagram of separately.
Excited D.C. Motor without controller.
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Figure. (3) The speed response (®) of the Separately Excited
D.C. Motor without controller.
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Figure (4) The transfer function block diagram of Separately Excited
D.C. Motor with PID Controller.
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Figure (5) The speed response (®) of the Separately Excited
D.C. Motor with PID Controller.
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Figure (6) ANFIS design of 2-input sugeno Fuzzy model
with 2 rules.
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Figure (7) Mean Square Error for the Neural Network.
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Figure (8) Proposed ANFIS Model Structure.
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Figure (9a) (Input 1) Membership Function of Proposed ANFIS.

FIS Vaniables

Membership function s Plct pairts: 181

et
flu) 1

in2mf2 in2mf3

1 F 1 1 1 1

0 05 1 19 2 25

input variable “input2”

Figure (9b) (Input 2) Membership Function of Proposed ANFIS.
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Figure (10) Input (land 2) Rules of Proposed ANFIS.

output

Figure (11) Output Surface of Proposed ANFIS.
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Figure (12) Developed simulation model for SEDM drive.
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Figure (13) Waveforms of the Speed Control for SEDM with PID Controller
and open loop under no-load and full-load conditions.
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Figure (14) Waveforms of the speed control for SEDM with Neuro-fuzzy logic
controller and open loop under no-load and full-load conditions.
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Figure (15) Waveforms of the Speed Control for SEDM with PID Controller
Fuzzy Logic Controller and open loop under no-load and full-load conditions.
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Figure (16a) Simulated armature Current (amp.) Versus Time (Sec.) under no-
load and full-load conditions.
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Figure (16B) Simulated Torque (N.M) Versus Time (Sec.)
under no-load and full-load conditions.
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