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Abstract

The electrical machines with a scheme of Controlled motion is known as electric-drives. With the implementation of drive we
can achieve Specific control for speed of an electrical-machine. Optimization is easily feasible for control of motor motion
via drive. A drive comprises of electric machine with power electronic, with converter controllers. Recent advanced practises
have paved the way development of more trustworthy, proficient, & reduction in sizes, Alternating Current and Direct
Current motor drives. According to this paper it executes the most popular motor i.e. BLDC motor. In this research paper
we have mathematically designed PMBLDC Motor with analysis of their simulation performance with the help of coding in
MATLAB is done. In this paper we have simulate with the aid of coding the output analysis of operation of PM BLDC motor
via MATLAB (R2016a) version. The BLDC motor drive scheme is yet one of omnipresent research troubles.

Keywords: PM BLDC — Permanent Magnet Brushless D.C. Motor, EMF- Electro Magnetic force, BEMF- Back Electro

Magnetic force.

Introduction

When Permanent Magnet Synchronous Motors have induced
EMF trapezoidal in shape then it is known as Permanent Magnet
Brushless Direct Current Machines (PMBDCM). As compared
to its equivalent, success of these machineslies on its simple
control. The current commutation is started in any of the phase
of machine when the constant flat portion of the induced back
EMF has started or has ended”.

Drives being coded to ensure that system posses more
efficiency, is fault tolerant, has quieter operation, smaller size
for many different applications. Modeling and design tools are
being developed so that there is reduction in efforts for drive
development and designing of machine. Dedicated researches
are focused on reluctance type machines drives and permanent
magnet machine drives’. These motors have very prevalent
industrial applications as their construction fits for any safety
required applications.

BLDC motors are supplied by a traditional 3-¢controlled
inverter. Normally rotor position sensor increases cost, size,
weight and complexity of control thereby reducing the
dependability and tolerability of these drives. Motor with
controller are very costly hence very few marketable
applications of sensorless BLDC motor are present.

So this method is normally adapted for much application like

fan, pump, computer equipments as hard drives. Heating and
ventilation, Laser printer, AC and DC power supplies, Brushless
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DC Motors used in Medical Treatment 1. Treating Sleep
Apnoea, 2.Motors in Hospital Equipment, 3.Medical Analyzers,
4.0ptimizing Power Density applications which doesn’t have
large torque variety during starting and normalrunning?.

Modelling of PM Brushless DC Motor Sensorless
Technique

Here motor is taken as3-¢ even though the derivation is
applicable for more number of phases®. The stator winding
equations based on coupled elements for constants terms of
motorare
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Where R; is resistance/ phase of stator winding, which are taken
as equal for 3- phases. The induced EMFs €., €pst, and e all

are assumed to be trapezoidal. E, is the max EMF value which
is derived as

Ep= (BIV)N= N(Blrom= Npaws= Ay 2)
Where, the total conductors connected in series/phase =N, rotor,
Velocity(m/s) =v, Conductors length(m) = I, Rotor radius(m) =

r, Angular velocity(rad/s) =m,s, Conductors flux density (Tesla)
=B are placed®.
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The voltage equation of phase is similar to voltage equation of
armature of Direct Current machine. This is due to the fact that
it is quite similar to D.C. machine except brushes and
commutator being removed, hence the name of machine as
Permanent Magnet Brushless dcmachine®. The electromagnetic
torque (T,) equation is

. . . 1
Te: [eastlast+ Epstlpstt ecst'cst]_(N'm)
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Whereas, total poles in machine = p, Mechanical rotor speed
(rad/s) = o, Rotor position in (rad)zeral's.

PM BLDC Motor parameters: Implements a three-phase
permanent magnet Brushless Direct Current machine. The stator
windings are connected in Star to an internal neutral point®.

Table-1: BLDC Motor Model Parameter.
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Figure-1: BLDC motor Block Diagram representation.

BLDC motor comprises of following sections: i. Current
Generation, ii. EMF Generation, iii. Mechanical Subsystem.

The input of Current Generation block is V4, and V. with back
EMF (E,) of all three phases and the output is three phase I..

This three-phase current (l.c) is input for mechanical subsystem
block. The other inputs are load torque (T.) and trapezoidal
EMF (Traane). Trapezoidal EMF generated by EMF generation
block. Output of mechanical subsystem is electrical torque (T.),
angular speed (o) and electrical angle (65).

Back EMF (Eac) and trapezoidal EMF (Tia@ne) are formed by
combination of angular speed (w) and electrical angle (8), this
combination also is input for current generation.

Back EMF (E.,.) from EMF generation block, electrical angle
(6,) from mechanical subsystem and three phase current (l.c)
from current generation block from input for commutation of
inverter block and the output is V4, and V. which itself is input
for current generation block.

This block diagram forms close loop and BLDC motor is
depend on the same.

Dynamic Simulation Results

The MATLAB codes based the speed controlled of BLDC
motor drive systems. Fixing speed and torque to a set value,
simulation of torque drive can be done.
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Figure-2: PM Brushless DC Motor speed controlled drive full wave Converter with standard inertia value J,,=0.089kg m? and

Viscous friction value B,,= 0.005 Nms.
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Figure-3: Effect of Change in inertia £ 30% on stator phase currents.

The description for legend as in the Change in motor inertia
graph Data-1— -30%, Data-2— -20%, Data-3— -10%, Data-
4— normal, Data-5— +10%, Data-6— +20%, Data-7— +30%.
With increase of inertia value from -30% of 0.089kg m? to
+30% of 0.089kg m? corresponding increase in time period of
stator current of BLDC motor is observed. With increase of

inertia value from -30% of 0.089kg m? to +30% of 0.089kg m?,
rotor angle reaches particular angle more quickly. With increase
of inertia value from -30% of 0.089kg m? to +30% of 0.089kg
m? corresponding decrease of speed of BLDC motor is
observed. Ther is negligible changes in torque when we vary
rotor inertia value.
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Figure-4: Effect of Change in inertia £30% on rotor angle.

Variation in speed

1 1 1

| L L

0 0.01 0.02 0.03

0.04 0.05 0.06 0.07

Time(secs)

Figure-5: Effect of Change in inertia £30% on rotor speed.
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Figure-6: Effect of Change in inertia £30% on Torque.
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Figure-7: Effect of Change in Viscous friction £20% on stator current.
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Figure-8: Effect of Change in Viscous friction £20% on torque.

The description for legend as in the Change in Viscous friction
graph Data -1— -20%, Data -2— normal, Data -3— +20%.

Ther is no changes in stator current when we vary from -20% to
+20% of viscous friction (0.005 N.m.s) value.

Ther is no changes in torque when we vary from -20% to +20%
of viscous friction (0.005 N.m.s) value.

Conclusion

It is seen that when we take J,, = 0.089kg m? as a reference
inertia and B,,=0.005N.m.s as a reference viscous friction value
for comparison, it is observed that by increasing value of inertia,
rotor angle increase and time period of stator current also
increases with respect to time.

In this paper the simulation results for system mechanical
parameter variation has also been obtained.

By observing waveform it is clearly understood that by
changing inertia value and viscous friction in motor, changes in
different parameters of motor is observed.

Simulation results clearly shows that parameter changes occur
in rotor position, rotor speed, and stator current and back EMF.
Rotor position reaches ‘0’ position or reference position quickly
as we increase inertia value, where as time taken for completely
one cycle for stator current increases and BEMF tends to
becomes approx constant value.
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These are the following changes that are observed with increase
of motor inertia. Ther is no changes shown in stator current and
torque when we varyviscous friction.
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