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Abstract

This paper presents the design and implementation of
neural network controller for reducing torque ripples in
brushlessDC (BLDC) motor drive with trapezoidal
back-emf. The performances of the proposed neural
networkcontroller ~ are  compared  with  the
corresponding fuzzy PI controller and conventional Pl
controller. Simulation results are used to show the
abilities and shortcomings of the proposed speed
regulation scheme for brushless dc motor which is
considered as a highly nonlinear dynamic complex
system. Matlab/Simulink software was used to
simulate the proposed model.

Keywords —Brushless DCMotor Drive BLDC, Fuzzy
Logic controller, Neural Network controller.

1.INTRODUCTION

A brushless DC motor is one of a small-scale motor
used in small electric devices such as CD players, hard
disk drives, or even small electric cars. Its rotor is
mounted with permanent magnet. There is no need for
extra field excitation. This motor is well-known and
popular for position and speed control drive
applications [1, 2]. The key advantage of this motor
over other types in the same rating is higher ratio of
produced torque per weight, faster response, accurate
position control, lower moment of inertia, less
maintenance, etc [3, 4].

The construction of modern brushless motors is very
similar to the ac motor, known as the permanent
magnet synchronous motor. The stator windings are
similar to those in a poly phase ac motor, and the rotor
is composed of one or more permanent magnets.
Brushless dc motors are different from ac synchronous
motors in that the former incorporates some means to
detect the rotor position (or magnetic poles) to produce
signals to control the electronic switches as shown in
Fig.1. The most common position/pole sensor is the
Hall element, but some motors use optical sensors.
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Fig.1 Brushless DC Motor Drive

In variable speed operations of BLDC motor, the PI
control is still the most used control. This is because of
its simplicity and ease of design. However, it has
disadvantages that the performance depends to
proportional and integral gains. Therefore, when the
operating condition changes such as disturbances, load
changes and motor's parameters variations, the re-
tuning process of control gains in necessary.
Controllers using artificial intelligent tools, such as
fuzzy logic and neural network can be applied to
overcome foregoing problems. Different intelligent
controllers such as Fuzzy logic controllers (FLC) and
neural network controllers have been explored. They
may control the speed directly or as indirectly adjust
the gains of PI controller.

This paper presents an implementation of
neuralnetwork controller for improving the transient
responses to torque disturbance and speed reference
following of the BLDC motor drive. Simulation results
are used to show the abilities and shortcomings of the
proposed method as compared with the conventional
Pl and fuzzy controllers.

2.BLDC MODELING

A. Mathematical Model of BLDC Motors

Modeling of a BLDC motor can be developed in the
similar manner as a three-phase synchronous machine
[1,2]. Since its rotor is mounted with a permanent
magnet, some dynamic characteristics are different.
Flux linkage from the rotor is dependent upon the
magnet. Therefore, saturation of magnetic flux linkage
is typical for this kind of motors. As any typical three-
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phase motors, one structure of the BLDC motor is fed
by a three-phase voltage source. The source is not
necessary to be sinusoidal. Square wave or other wave
shape can be applied as long as the peak voltage is not
exceeded the maximum voltage limit of the motor.
Similarly the typical mathematical model of a three-
phase is described

The voltage equation of the BLDC motor can be
written as:
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R, = R, = R, = R armature resistance[Q]

a

V,, V,, V. terminal phase voltage[V]
ia ’ ib ) ic motor input current[A]

€, , €, , €. :motor back emf [V]

The electric power can be shown as
P, =eji, +e,i, +e.l. (2

e
The electromagnetic torque of the motor can be

expressed as
T, =R, (eji, +eji, +e.i.)/ o, ()
and the motion equation can be written as

P =, —T,)/ i, (4)
where
La,Ls, Lcare the self-inductance of three phases
windings,
La, Lba, Loc,Leb, Lea,Lac are the mutual inductance by
different windings,
€a,en, ecdenote the inducedelectro-motive forces,
Pnis the number of pairs of BLDC motor,
o:denote the angular velocity,
Tis the load torque,
J mis the rotational inertia
The overall system configuration of the 3-phase BLDC
motor drives is shown in Figure 2.1t comprises of six
functional blocks Speed controller block generates the
current demand to maintain the speed at reference
value. Back-EMF voltage block calculates the phase
back-EMF voltages according to rotor position. Phase
current block calculates the phase current. Current
control block controls the phase current via hysteresis

current control and generates the switching signals for
Inverter. In Inverter block, phase voltages are
obtained. The inverter topology is six-switch voltage-
source configuration with constant DC-Link voltage
(VMA). The PWM three-phase inverter operation can
be divided into six modes according to the current
conduction states. The three phase currents are
controlled to take a form of quasi-square waveform in
order to synchronize with the trapezoidal back-EMF to
produce the constant torque. In each time only two
phases are excited, so it is possible to use only one
current sensor which is placed in DC-link voltage.
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Fig.2 BLDC Motor Drive with Speed Controller

3.SPEED REGULATION SCHEMES

Human abilities in controlling the complex systems,
has encouraged scientists to pattern from human neural
network and decision making systems. Firstly the
researches began in two separate fields and resulted in
establishment of the fuzzy systems and artificial neural
networks. There are primarily three concepts
prevailing over the intelligent control:

* Fuzzy Logic Control

* Neural Network based Control

A) Fuzzy Logic Controller

In the first concept, the controller is represented as a
set of rules, which accepts/gives the inputs/outputs in
the form of linguistic variables. The main advantages
of such a controller are:

(1) Approximate knowledge of plant is required

(2) Knowledge representation and inference is simple.
(3) Implementation is fairly easy.
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Figure 3 shows the general model of a fuzzy system,
withtorque (Te* ) as output of the controller. The two

input variables e (k) (speed error) and ce (k) (change in
error) are calculated at every sampling instant as

ek = o, (k) — o, (k) ;
©)

ce(k)= e(k)-e(k1);
(6)

where (ot (k) is the reference speed and ®, (k) is the
actual rotor speed.

The functional diagram of the fuzzy logic controller
includes four major blocks: knowledge base,
fuzzification, inference mechanism, and

defuzzification. The knowledge base is composed of
adata base and a rule base. The data base, consisting of
input and output membership functions, provides
information for the appropriate operation of
fuzzification, inference mechanism, and
defuzzification

The rule base is made up of a set of linguistic rules
relating the fuzzy input variables to the desired fuzzy
control actions. Fuzzification converts acrisp input
signal into fuzzified signals that can be identified by its
level of membership into the fuzzy sets.

Ae | NB NS ZE PS PB
e |olp
NB NB NB NS NS ZE
NS NB NS NS ZE PS
ZE NS NS ZE PS PS
PS NS ZE PS PS PB
PB ZE PS PS PB PB

Table I: Linguistic Rule Table

In this paper, the fuzzy sets Z, S, M, L, P, N, PS, PM,
PL, NS, NM and NL are defined over the domain of
input variables (error and error change) and output

variable (T, ).The operation of fuzzy logic is based on

the control rules in Table 1. The output of FLC should
be a crisp value. The defuzzification process is used to
determine a crisp value according to the fuzzy output
from inference mechanism. The center-of area method
is used as a defuzzification strategy in this paper.

B) Proposed Neural Network Controller

In this second concept, the controller is represented as
a nonlinear map between the inputs and outputs.
Depending on a specific plant, the map (in the form of
a network) can be trained to implement any kind of
control strategy. A neuro-controller (neural networks
based control system) performs a specific form of the
adaptive control with the controller taking the form of
a multi layer network and the adaptable parameters
being defined as the adjustable weights. The main
advantages are:

(1) Parallel architecture

(2) Any kind of nonlinear mapping is possible
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(3) Training is possible for various operating
conditions,

so it can be adapted to any desired situation. The
simple fuzzy controller represents a good nonlinear
controller; however, it cannot adapt its structure
whenever the situation demands. Sometimes the fuzzy
controllers with fix structures fail to stabilize the plant
under wide variations in the operating conditions.
These types of controllers also lack the parallelism of
neural controllers. On the other hand the neural
networks are very much adaptive to situations by
adjusting their weightsaccordingly. The parallel
architecture enables faster implementation of the
control algorithm. However in the presence of noise
and other uncertainties the performance may
deteriorate. Some times in certain neural controller
structures the model of the plant is required.

Figure 4 shows the structure of the proposed neural
network controller. The improved BP network contains
the input layer, the hidden layer, the output layer, and
the connected weight between the input node and the
hidden node is wij, the weight between the hidden
node and the output node is Tli, 6 denotes the
threshold. x j isthe input layer neural node, yiis the
hidden layer neural node, Olis the output of the neural
network, the desired output of output node is tl.
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Figure 4Proposed Neural Network Controller

4. SIMULATION RESULTS

To verify the technique proposed in this paper,
simulations based on Matlab / Simulink have been
implemented. The Typical simulation results for the
conventional Pl controller, Fuzzy Pl controller and
proposed neural network controller are shown in
Figure 5 to8 for the torque and speed responses. For

all these simulations the initial conditions are zero. In
BLDC using fuzzy logic, speed error and change of
speed errorare taken as inputs and torque as the output.
As described earlier, membership functions were
chosen and rules were formed.Figure 5show the
comparison of speed responses between conventional
Pl and FLC and Figure6 shows the comparison of
speed responses between FLC and proposed neural
network controller. Figure 7 shows the comparison of
speed responses between conventional PI, FLC and
proposed neural network controller. From this result,
it is observed that, withproposed neural network
controller, speed easily attains steady state value at the
earlier stage itself when compared to other controllers.

The simulation results shows that speed and torque
responses are very good dynamic responses for
proposed neural network controller. Figure 8shows the
torque ripple reduction and is compared with the
conventional Pl and FLC. From this result, it is
observed that, the torque response in the conventional
Pl controller presented with the high ripples, whereas
in the FLC the ripple content is reduced to some
extent. Bythe proposed neural network controller,
there are further reduced ripples in torque response.
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Fig 5.Speed responses of Pl and FLC
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Fig 6.Speed responses of FLC and Neural network
Controller
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Fig 7.Speed responses of PI, FLC and Neural network
Controller
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Fig 8.Torque Responses of PI, FLC and Neural
network Controller

5. CONCLUSIONS

In this paper, the neural networks based controller has
been proposed and results have been compared with
the conventional Pl and fuzzy PI controllers. Among
all these controllers, the neural network shows better
response. By using this controller, its output is
updating in the PI controller gains based on a set of
rules to maintain excellent control performance even in
the presence of parameter variation and drive non-
linearity. This simple scheme has significantly
improved the performance of the BLDC system while
at the same time maintaining the simple control
structure of the BLDC.
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