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ABSTRACT

This paper evaluates the performance of a separately excited dire

NS anarmatine voltage-controlled motor scheme. The rﬁ:lr‘r‘f t‘!-‘!'f\":?’ f";’;";:};;mnw
e pump speed is the ontput. The conventional Pmpm-.'u_‘:mr'f-hr!‘f gral-

(FLC) ane designed in MATLAR/SIMULINK software, The F1.C was ¢ iyl
detuzzification me thod. The controller evaluates speed errors :'n‘ order to trac

of the motor in terms of wansient response, such as settling time
evaluated as the simulation reslts were analyzed and compared. It was ¢ il
dvnamic response than conventional PID controllers. The rabustness of the controlter:

load conditions.
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-1 INTRODUCTION . ;
The direct current (DC) motors are extensively used in [ndustnal
and domestic appliances. DC motors are efficient, reliable and
controllable in an aspect of speed control. The high~perf0nnanf:e
DC motor drives in factories are used more oﬂcn_duu lo its
excellent electrical characteristics such as high a starting torque,
high response performance. They are widely use_d in for .steel
rolling mills, cutting tool, robotic manipulators, guided ve!ncles,
overhead cranes, electric traction, electric train, home appliances
and other speed and position applications [1). DC motors are
considered as adjustable speed machine due to accurate speed
control, controllable torque and high reliability. Separgtaly
excited DC motor (SEDCM) is suitable for variable speed drives
application.  As voitage is supplied directly to the field wmdmg
of the motor. Basically, there are three speed control techniques

used commonly; Field resistance control, Armature resistance
control and armature voltage control method, In armature-
controlled De drive, the speed is directly proportional to applied
armature voltage of the DC motor, So, for armature-controlled
DC motor, the motor is controllable over wide range through
~ proper adjustment of terminal voltage [2].
Feedback control loop is indispensable for the desired and better
performance of the system, However, the feedback system has
slow response. To obtain fast dynamic response, many control
strategies have been developed in various feedback control
system whose aim is to achieve precise and quick tracking of
reference speed with minimal overshoot, litle or no steady state
error. PID (proportional -Integral-Derivative) controller have
become very popular in industrial control applications due to
simple mode), robustness, high reliability and elimination of
steady state error, However, the optimization and tunning task of
these conventional controllers (PI, PD, PID} is very ditficult and
time consuming mainly under varying load condition [1]. There
have been so many schemes for speed contral of separately
excitedly motor such as PI, P1D, Fuzzy logic controller, Artificial
intelligence technique, optimal Linear Quadratic Regulator
(LQR)control etc. since all control systems suffer from problems
related to undesirable overshoot, longer settling time, vibrations
and stability while going from one state to another slale, As reg]-

- world systems are non-linear, making accurate modeltling

difficult and costly [3). In Usoro I. H et al paper presents a study
of impact of fuzzy logic controller and PID controller in the
control performance of an industrial type DC motor, from the
simulated results and comparison FLC speed controlled-DC
motor perform better than PID speed-controlled DC motor due to
absence of undesirable overshoot, [aster settling time and
robustness when load is applied.[4]
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In Effiong, E.E ctal paper presents the design of scalar coptry
induction machine using fuzzy logic ?ontrolier, from
simulation result, it was observed that FLC Pef‘fﬂfms better
conventional PI controller as FLC [5]. showed fast trang
response with shorter settling time, Zero overshoot
robustness in change in load condition with almost zeros
state error. In Kumar.S. B et al paper presents comparisoq
performance of PID and FLC in speed control of Dc motor
MATLAB/SIMULINK environment, the simulation
shows that FLC gives better response compared to Pl and py
controller. Combination of different motors that are mostly
for water pump application. Motors are used to copy
mechanical energy from electrical energy.

This motor has an adequate solution for drinking water sippli
in rural areas as well as grid connected areas. the output of
panel is connected to the boost type DC to DC converter (o).
increases the output voltage level of solar panel and DC
capacitor maintains it at constant DC level. This constant De}
voltage acts as an input voltage to DC motor,

In this paper, model of SEDCM speed control system is fed with
do voltage by PV module and the motor rotates water pump being
the load, with Fuzzy logic controller (FLC) designed for speed
control using Mamdani Fuzzy Inference System (FIS) with 49
tule basc. The PID controller is also incorporated in
MATLAB/SIMULINK software for comparison of the mofor
speed transient response when using the two controllers,

Fig I DC motor Pump [9]
11 DESIGNMETHODOLOGY
(A) Fuzzy logic controller
Inputlinguistic variable

The reference speed or command speed value is 1800 rpm. The
two input variables to FLC gre

(a) Speed error ()
(b) Change inerror or derivative of speed error (Ae).
Thespeederror is expressed as;
=W, —-w, (N
de w
. 2 ol
Ae @t (2)

The controller out putecalled change in control js
(B) Rule baseifthen statements
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TABLE 1: Fuzzy rule base table for output (w,) of FLC
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|e/Ae  |NB NM NS Z PS PM PB

INB__ [NVB [NVB NB NBM NM NS Z
NM NVB [NB NBM NM NS z PS
N§ NB NBM | NM NS Z PS PM
Z NBM _|NM NS Z PS PM PBM
PS NM__|NS Z PS PM PBM PB
PM NS Z PS PM PBM | PB PVB
PB 2 PS PM PBM | PB PVB PVB

The 49 IF-THE

N statement of the rule base accordin
cover a whole

universe of discourse logic controller (FLC).

g to table | for the design of Fuzzy

Parameters Values Units

Armature resistance (Ra) 4.0 Ohms (Q)

Armature inductance (La) 0.3 Henry (H)

Torque constant ~(K¢) 0.24 N-m/A

Back emf constant  (Kb) 0.24 Vi(rad/sec)

Rated speed (N_m) 2400 Revolutions per minute (rpm)
Moment of inertia ~ (J) 0.0043 kg.m2

| Frictional coefficient ( B) 0.0011 N-m/(rad/sec)

| Input Voltage (Va) 12 Volts (V)

The transfer ﬁmctli(on of the SEDCM model is given as
t

G=+8B) GLat Ra) T KoKt

By substituting the machine data in table II into (3), The motor
transfer function of speed to armature voltage is

186 4)
6= rissostes06 |
=
wawr [ L2
Fig 2 Complete Simulink Model of DC motor -

I1l.  RESULTS AND DISCUSSION
The SIMULINK mode! was implemented in Matlab /Simulink
and simulation duration is 5 to 10 seconds.

This stability is further confirmed by the negative poles
(eigenvalues) of the system transfer function in (4) were
computed in MATLAB using the 'poles’ command and found to
besl= -6.7946+1.3769i, s2= -6.7946-13769i.
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Fig 3: Open loop speed response the motor Vol oo Gt

Figure 3, shows Open-loop step response of the system without
any Controller, it is observed that the DC motor speed increases
continuously as time increases to 50.0 rad/s (477.8 rpm) after
U.91sec and it stabilized when step 12volt is supplied to input.
With settling time 0f 0.91 sec and zero overshoot from step input
reference level. DC motor system is stable in open loop operation.
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Fig 4: Speed response of the conirollers without Load

From response in figure 4 &S, Fuzzy logic controller shows better
transient characteristics than PID controller as it shows almost
zero overshoot, however, FLC has minimal steady state error
while PID has zero steady state error.
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Fig §: Spevd response of comtrollers with change in
referenve speed  (Nm=800- 1500-1800 rpm)
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Fig 6: Speed response with change in applied load

TABLE I11: Performance indices for controllers
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Fig 7: Torque response at variable load condition

Fig. 6 the lorque response with a load 2Nm, it is obseryed that, the!
speed decreases, and the Fuzzy logic controller shows bettes
robustness as it tracks the reference speed to reject the
disturbance,

Controllers | Settling Rise time Peak Peak Steady state ||
time(sec) (Sec) time(sec) Overshoot | error
(%)
FLC 0.82 0.43 0.54 3.2 2 A
PID 1.23 0.34 0.46 24.8 0 T
—

From table 11I, FLC have better transient behaviour than
conventional PID controller as it showed less settling time, very
little overshoot and negligible steady state error,

PID gain valuesare; Kp=2.0, Ki=25.0, Kd=0.]

IV CONCLUSION

This paper successfully present performance evaluation of Direct
current motor (SEDCM) closed loop speed control system for
water pumping using armature voltage-controlled scheme. The
De motor has input source from PV module and it output is speed
that drives water pump. The dynamic behaviour of the motor in
* term of transient response such as settling time and peak
overshoot for both Fuzzy Logic controller (FLC) and PID
controller were evaluated as the simulation results were analyzed
and compared. It was discovered That FLC offer better
performance of the motor with fast dynamic response than
conventional PID controller,

The FLC offer better robustness and fast transient response with
perturbation like change in applied load condition. This shows
that de motor powered by PV module can efficiently replace the
ac motor.
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