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ABSTRACT:

This article presents the design and simulation
of the ANFIS controller for better performance of the
servomotor of a brushless DC motor (BLDC).
Productivity BLDC servomotors based on ANFIS, fuzzy
and PID controller are tested under different
operating conditions, for example, changes in speed
setting, parameter variations, load disturbance, etc.
BLDC servo motors are used in the aerospace, control
and measurement systems, electric vehicles, robotics
and industrial control applications. In such cases, the
are realized, as conventional P, PI and PID con
of the control systems BLDC drive servg
satisfactory transient and steady statg

implementation
performance co,

) motors are widely
used in the air transpo ctrical and almost all food
and chemical industries. entional controllers, such as
P, PI and PID, which is y#ed to control the application for
more than a couple of decades. This is the key to the
development of the appropriate mathematical model,
which is a method to simulate real-life situations using
mathematical equations to predict their future behavior of
any system or reaction system for the presentation of
these controllers, but in applications Pragmatic aspects of
nonlinear and complex systems; Therefore, they approach
as direct systems to obtain a mathematical model. A

controller for such systems may simply provide

able transition, reaction, but not
e vast majority of literary
arameters of the system
in operating conditions,
atic application of

ictiony, can change
components
resistance may

satisfactory reaction a
the optimal respo

changes in the operating
the ratio of the contactless

elay is 10-20 times of the delay

automation control and the Positioning of basic weakness
of the conventional controllers is that they can give a

parameters of the systems is changed during the operation.
The realization of these controllers and their rationality for
a wide range of servo motor drive BLDC studied under
different operating conditions, such as changing the
species of reference speed parameters and load influencing
disturbing. The information regarding the various literary
material for the purposes of this study as follows.

BLDC motor modeling, evaluation and control of
network access evaluation [1] - [4]. The effect of the
Change in Motor Parameters on the Performance of the
BLDC Drive System is discussed in [6], [7] various fit
Methods for the PID SE Controllers Description in [7] - [8].
The design, implementation and Performance Analysis of
Fuzzy Logic Controllers (FLC) for divers APPLICATIONS
such as the dc servo motor, BLDC motor, gas turbine, servo
systems and so on are presented in [5] Design and
adaptive controllers for the
management and control of access to the network.

This article consists of six sections. In Section II,
the simulation of the BLDC servomotor is presented;
Section III describes the development and implementation
of the PID regulator; Section IV, the development and

implementation  of
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implementation of fuzzy controller are presented, the
design and implementation of the ANFIS controller are
described; Section V and the final conclusion are presented
in Section VI.

Il. MODELING OF BLDC SERVOMOTOR DRIVE SYSTEM:

LDC Motor

IGBT Inverter

Fig. 1. Equivalent circuit of the BLDC servomotor drives
system.

BLDC servo motor system, consisting of BLDC
servo motor and IGBT inverter modeling [1] - [4] based on
assumptions that all stator phase windings have an equal
resistance per phase; [ permanent and mutual inductance;
Power semiconductors are ideal; Insignificant loss of iron;
And the engine is not saturated. BLDC equivalent servo
system is shown in Figure 1.

The line to line voltage equations are expres
matrix form as

Van £ — i o 2
Vhe = 0 a4 — i ip
Vea — R ] R Py

where L and elf-inductance and mutual
inductance per phase; R @’the stator winding resistance
per phase; ea, eb, and e€are the back EMFs of phases a, b,
and c, respectively; ia, ib ,and ic are the phase currents of
phases a, b, and c, respectively. The electromagnetic torque
developed by the motor can be expressed as
Te =(eaia +ebib +ecic)/w=Ktl ...(3)

Where ia = ib = ic = lw is the angular velocity in
radians per second, and Kt is the torque constant.

Since this electromagnetic torque is utilized to
overcome the opposing torques of inertia and load, it can
also be written as

Te=T, +]Md(1)/dt+BMW (4)
Where TL is the load torque, M is the inertia, and BM is
the friction constant of the BLDC servomotor.
The load torque can be expressed in terms of load
inertia JL and friction BL components as

TL=]L*dw/dt+BLw . (5)
The output power developed by the motor is
P=Tew .. (6)
E=ea=eb=ec=Kbw . (7)

Where Kb is back tant, E is back emf per
velocity in radians per second.

ange during the operating

system speed of‘the BLDC servo drive servo motor. The
ixed combination of inertia, friction and phase resistance
he BLDC servo motor can lead to large slips that are
Pable in most control applications. Therefore, the
system of the BLDC servo motor requires the
ppropriate drivers like PID, Fuzzy or ANFIS controllers to
speed up the response, reduce overshoot and the steady-
state errors do not meet the application requirements. In
this work, the BLDC servo motor based on the PID, Fuzzy
and ANFIS controller and its operation is investigated in
various operating conditions, such a change in the pitch at
the initial speed, various system parameters and abrupt

load disruptions develop.
IGBT Inverter Disk
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Fig. 2. Block diagram of the experimental setup.

A block diagram of the experimental setup is
shown in Fig. The experimental system consists of four
main components. This servo IGBT-power device BLDC
inverter motor with load, speed, phase voltage and phase

21|Page



NOVATEUR PUBLICATIONS

International Journal of Research Publications in Engineering and Technology [IJRPET]

ISSN: 2454-7875
VOLUME 3, ISSUE 8, Aug. -2017

current and DSP measurement circuits. BLDC servo motor
with electronic motor switching. Embedded three Hall
sensors generate a signal depending on the position of the
rotor. These signals are decoded to identify the position of
the rotor and activate respective coil by switching the
corresponding IGBT-converter switches. The Hall effect
sensors used as inputs for the DSP through an IC buffer.
Trigger signals generated by DSP for IGBT-switches also
apply to the IC buffer.

The PWM control method is used to control the
voltage supplied to the winding to control the speed of the
motor. The 20 kHz PWM signal is selected because there is
no acoustic noise during engine operation. The duty cycle
of the 20 kHz signal generated by the DSP changes to
monitor the average current and the average voltage of the
phase windings, and thus the torque generated by the
motor. The operating cycle of the device is adjusted
depending on the output signal. DC output The F signal of
the V / V converter is set as one input to the DSP's A / D
converter (ADC) to determine the actual motor speed. The
speed reference is set using the potentiometer and the
repeater voltage and is set as another ADC input signal tg
determine the reference speed. The function of thg

ability to eliminate co
jfipate change
the system is

and can an

e calcfllation of the

on the parameters

tem stage. A block

s used to implement

2.The continuous control
signal u(t) of the PID con is given by

u(t)=Kp (e(t) + (1/Ti) JE(t)dt +Tade(t)/dt) ..(8)

where, Kj is the proportional gain, T; is the integral time
constant, Td is the derivative time constant, and e(t) is the
error signal.

u(k)=u(k-1)+K; xe(k)+Kz x e(k-1)+K3 xe(k-2)

- (9)

Where u(k - 1) is the previous control output, e(k - 1)
is the previous error, and e(k - 2) is the error preceding
e(k - 1). The constants K1, K2, and K3 are given by

Ki =K, + TKi/2 + Ky/T .. (10)

K> = -K, - 2Ky/T + TK,/2 .. (11)
K3 =Ky/T w(12)
Ki=K, /Ti . (13)
Ki=K, Ta o (14)
T=1/f .. (15)

Where f is the sampling frequency and T is the
sampling rate.

IV. FUZZY LOGIC CONTROLLER:
Fuzzy logic is a ty
reasons that evaluate the

of estimated number of
f variables can be any
and 1. For differentiation, the
estimation of the reality of

genuine numbers arou

=i Qutput

Fuzzification

Defuzzification

Rule Base

Fig.3 Block diagram of a fuzzy inference system.

e Itis possible to describe the research strategy and
diffuse control study, shown in Figure 3

e Obtain one or more extended assessments or
other assessment of conditions in a system, which
will be dissolved or checked.

e Treatment of input data according to fuzzy
"assuming then" rules that can be transferred to
the main page dialect words and combined with
the usual non-diffuse formation.

e The means and weighting of the results of all the
individual principles in the selection or choice of
an output, in which is selected what to do or
advise controlled system what to do. The output
signal of the result - is an accurate de-fuzzified
system. First, the different levels of performance
(high speed, low speed, and so on) of the platform
is determined by establishing membership
functions of the fuzzy sets.
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Fuzzy inference system and calculation of back
propagation. For a normal fuzzy inference, the parameters
about participation opportunities are usually controlled by
experience or experimental technique. The system of
neuro-fuzzy adaptive induction can overcome this load
across the road to detect how to adapt the information
participant's information capabilities/output, taking into
account the ultimate goal of representing such varieties in
data values - automatically selects parameters relevant to
the specific work registration. This strategy also works by
studying neural systems.

V. ADAPTIVE NEURO-FUZZY INFERENCE SYSTEMS
(ANFIS):

Adaptive system of neuro-fuzzy inference (ANFIS)
refers in general to an adaptation network that performs
the function of the system of inference fuzzy. The most
commonly used ANFIS fuzzy system architecture model is
Sugeno since it is less computational and more transparent
than other models. The serial membership function of the
model (MF) Sugeno can be parameterized by any arbitrary
function of neat entries is likely polynomial. Polynomials g

zero and first order are used as the constant ang
linear models of Sugeno, respectively. In additigf’in the
process of defuzzification, Sugeno diffuse modg imple
calculation of the weighted average. Fuzzy space i ed

by partition grid according to the preceding numbe
and each diffuse area covered by the e. On the oth8
hand, each fixed and adaptive 2 performs a

single function or a sub-Suge the overall

pfopagation as
mber of modifiable
mputational effort
the advantages of fu stegps and adaptive networks
into a hybrid intellectu digm. Systems of flexibility
and subjectivity with fu inference when added to the
optimization of the power of adaptive networks provide a
remarkable resistance Amphism simulation, training,
nonlinear assignment and pattern recognition.

VI. RESULTS AND CONCLUSION:
A. RESULTS:
The experimental obtained for BLDC

servomotor drive under different operating conditions

results

such as step change in reference speed, different inertia of

tim8 goto
motor

the system, different phase resistance of the BLDC
servomotor, and with load disturbance are done and below
figure show the results with PID, Fuzzy and ANFIS
controller.

Below figure shows output of BLDC servomotor by
connecting the PID controller. When load is connected to
motor at that time speed of motor decreases, because of
PID controller after some time period speed come to it's

original value.
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6000 : After seeing all parameters of fuzzy controller now
; ; below figures shows all the parameters such as
B 1 electromotive force, stator current, electroagnetic torque,
% : ; reference speed, actual speed output, error in speed, duty
200+ e prr—— 1 ratio and line to line voltage of ANFIS controller
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Above figure shows output of error in speed of fuzzy
controller. When sudden load is applied to motor speed of
motor changes and this speed comes to it's original
position after some time this settling time is reduced by
ANFIS controller.
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B. CONCLUSION:

PID method and Fuzzy control Anfis has been
successfully implemented for the servo motor drive system
BLDC. The effect of changing parameters in the
performance of the BLDC servo motor drive system has
been studied with experimental results. However, the
response speed of the BKEPT servo drive based on the
fuzzy controller is better than the response speed of the
servo motor based on the BLDC PID controller and the
response speed of the BLD
ANFIS controller is better
fuzzy controller, thus
provide improved 1

ervo motor based on the
ID response speed and
LDC PID controller Does not
jations in system performance

improved reaction
and there will be

r changes and has better
servo motor drive system

speed and industfial control of applications.
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