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Abstract

Brushless DC Motor has permanent magnets in raserably generates steady magnetic field, due $o thi

it has more advantages over induction motors. Becad these advantages BLDC motors are used in raitige

i.e., from very small motors used in hard disk dsi\to large motors used in electric vehicles. Nayél inverters
have drawn tremendous interest in the power inguktis easy to produce a high-power, high voltagerter with

the multilevel structure because of the way in Whievice voltages stresses are controlled. Theuerstyucture of
multilevel inverters allow them to reach high voks with low harmonics. Cascaded multilevel inwsrteas gained
more interest because of its advantages over dtheéconfigurations like diode-clamped, flying capitac inverter.

In this paper BLDC motor which is used in electr&hicles which requires high power is fed by casdadhultilevel

inverter simulation is done by using SIMULINK aresults are evaluated.
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I ntroduction
Conventional DC motors have attractive

properties such as high efficiency and linear terqu
speed characteristics. The control of dc motoral$®
simple and does not require complex hardware.
However, the main drawbacks of the DC motor is the
need of periodic maintenance. The brushes of the
mechanical commutator eventually wear out and need
be replaced. The mechanical commutator has other
undesirable effects such as sparks, acoustic reise
carbon particles coming from the brushes. Brushl¥ss
motor can in many cases replace conventional DC
motors. Despite the name, BLDC motors are actually
type of permanent magnet synchronous motors. They a
driven by dc voltage but current commutation is elby
solid state switches. The mechanical commutator is
replaced by electronic commutator. The commutation
instants are determined by rotor position and mosibf
the rotor is detected either by position sensorshyr
sensorless techniques. BLDC motor have many
advantages over conventional dc motors:

e Long operating life

e High dynamic response

» High efficiency

» Better speed vs torque characteristics

* Noiseless operation

» Higher speed operation

» Higher speed range

» Higher torque-weight ratio

The PMSMs are classified on the basis of the waeps

of their induced emf, i.e., sinusoidal and trapdabiThe
sinusoidal type is known as PMSM and the trapezoida
type are called PM dc brushless machine.High power
ratings is not possible for a two-level invertere(iit
gives +Vdc , -Vdc), as the semiconductor devicestmu
be connected in series to obtain the required hatage
operation, this can be achieved by summing theusitp
of several two-level converters with transformens o
inductors, or direct series connection, or by some
topologies such as the diode clamped inverter &aed t
flying capacitor inverter which are usually termed
multilevel voltage source inverters. The genenalcstire

of the multilevel converter, which has a multipletbe
usual six switches found in a three-phase invergeto
synthesize a sinusoidal voltage from several lewls
voltages, typically obtained from capacitor voltage
sources. As the number of levels increases, the
synthesized output waveform, a staircase like wave,
approaches a desired waveform with decreasing
harmonic distortion. In this paper we choose toknam
cascaded H-bridge inverter due to its advantages:

1. It uses fewer components than the other types.

2. It has a simple control, since the convertees@nt the
same structure.

3. Soft-switching technique can be used to reduce
switching losses and devices stresses.
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Modelling Of Bldc Motor
The modelling is carried based on assumptions that
a) the induced currents in the rotor due to stator
harmonics are neglected.
b) Iron and stray losses are also neglected.
The stator voltage equations in terms of electrical
constants are

Vas Rs 007 [ias La—Lm 0 0] Jia eas
Vbs| =|0Rs 0| |ibs|+p| 0 Lb—LmO ||ib +[ebs
Vs 0 0 Rsl Lics 00 Lc—Lmllic ecs

Where Rs - Rotor resistance

La, Lb, Lc — Self inductance of each phase
windings

Lm — Mutual inductance

ias, ibs, ics — Currents in stator windings

eas, ebs, ecs — induced back emf’s.
The electromagnetic induced emfs is given as

€as— fa4®)7bpwm

€s = fbs(®)}‘pwm

€s = cs(®)}‘me
where f@) indicates that induced emf is dependent on
rotor position
The electromagnetic torque is given by

Te= [ €adas *eudbs + Gdcg 1/Win(N-m)

Speed of motor is obtained agw [((Te -T\- Bwy)/ J)
Where wm — rotor speed in mechanical rad/s

B — friction coefficient

J — Inertia of motor shaft

Simulation Of Cascaded H-Bridge Mli

Simulation of MLI is carried out by using
MATLAB. Cascaded MLI consists of series H Bridges,
each H-Bridge consists of series H- Bridges, eaitige
consists of four switches as shown in fig.1
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Figure 1. Single cascaded bridge

ISSN: 2277-9655
Impact Factor: 1.852

The output generated by each H-Bridge is of
three different levels i.e, +Vdc, 0, -Vdc by contieg dc
source to the ac output side by different combametiof
the four switches, S1,S2,S3,S4. Turning on S1,i%dsg
+Vdc. Turning on S2,S3 yields —Vdc. Turning off all
switches gives 0V. In the same manner output ah eac
level is obtained. The switching sequence for alsin
bridge is as follows, the firing pulse for upperitsives
S1,S3 has phase delay of 180rhe lower switches are
compliments firing pulse given through NOT gateeTh
same holds good for any no of bridges connectdreit
in single phase or three phase. Here three phasadesd
MLI is simulated. For N-level output no of bridges
required per phase is given by N=2n+1.

Where n= no of bridges For 5 level we require 2idpes
per phase.

1 |
Figure 2.Three phase 5 level M LI
Controlling the conducting angles at different irtee
levels can minimise the harmonic distortion of thput
voltage As the no of levels increases the outplige
tends to sinusoidal.

Switching Technique

Switching is implemented by sinusoidal pulse
width modulation. In pulse width modulation theirfiy
pulses required for semiconductor switches is obthi
by comparing reference wave with carrier wave. In
sinusoidal pulse width modulation technique sindabi
wave is taken reference wave and triangular wasre
carrier wave. The output of inverter i.e. ampléuand
frequency can be varied by changing the refererme
amplitude and carrier wave frequency respectively.
Amplitude modulation index is ratio of referencewsa
amplitude to carrier wave amplitude,m V, / V.. The
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frequency modulation is defined as ratio of carvi@ve
frequency to reference wave frequengy=, /f,. In this
paper the amplitude modulation is taken gs=ml and
the frequency modulation (m=21. The pulses are
generated as below in figure

B/ N

Refernce Wave -
Relaticnal -
W\{ Orperator Sooped

Carmrier Wave
Figure 3.Pwm compar ator
Here the MLI is three phase the firing pulses awery
with phase delay of 1800 each leg. The switches in a
single leg are connected as shown in fig.4
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Figure 4. Singleleg of three phase inverter

The switch S1 and S2 has phase delay of.180
Switch S1 and S5 has phase delay 8f SWvitches S3,54
are compliment for switch S1, S2 respectively and
similarly S7,S8 are compliment to switch S5,S6tHa
same the other two legs are connected and switdking
done in the similar fashion.

The switching pattern is tabulated below is for
one leg of three phase inverter
Table.1. Switching patterns
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S |0|3|6|9|1|12(1(2|2|2|3]|3 |3
W 0/0(0(2|5|8|1|4|7|0|3]|6
Itc ojofojojojojojo o
h

Si|11|1|1|1, 040 0 0 0 1 1 1
S2| 10|00 0] 0] 1| 1 11 13 1§ a (
S3| 000|002 1| 1 1 133 g a (
S4|1/1 (11,11 0f 0 0 0 g 1 1
S5 00|01 1]1 1 1, 00 0 g Q (
S6|10 (00| 0] 0O 1| 1 1 134 3§ 1 1
S7r|11(1(0,0| 0] 0 O 11 3J § 1 1
S8 01|11, 1] 1 0f 0ph 00 0 g a

The overall Simulink model is as below
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Simulation Results
Cascaded MLI output
Firing pulses

The firing pulses for the switches provided for
single leg are as shown in figure.7
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Fundamental (50Hz) = 388 , THD= 23.69%
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The output phase voltage waveforms of tt . Frequency (Hz)
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Figure 9. THD of three phase voltage

BLDC motor output
i) Back EMF'’s : The BLDC motor has trapezoi
waveforn
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Figure 8. Three phase voltage wavefor ms

FFT Analysis of Output Phase Voltages
Total harmonic distortion of three phe
voltages are as shown

FFT analysi
Fundamental (50Hz) = 384 , THD= 25.63%
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iii) Speed, Rotor Position, Elctromagnetic Torque

Conclusion

In this paper simulation of five level cascaded
mli is done using MATLAB. The three phase voltage
are fed to MATLAB model of bldc motor.The simulatio
results shows the performance characteristics ¢dc b
motor, i.e. induced back emf is of trapezoidal hae.
The stator currents and electromagnetic torque
magnitudes are also obtained in the graphs. Thar rot
position found out at every instant and is as showthe
graph.
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