P-353)

A certain Study on the Performance of
Induction Motor Under Abnormal
Conditions Using Matrix Converter

A Project Report

Submitted by

SIBILDAS.M - 0920105010

in partial fulfillment for the award of the degree

of

Master of Engineering

In

Power Electronics and Drives

DEPARTMENT OF ELECTRICAL & ELECTRONICS
ENGINEERING

KUMARAGURU COLLEGE OF TECHNOLOGY

COIMBATORE — 641 049
(An Autonamous Institution Affiliated to Anna University of Technology, Coimbatore.)

ANNA UNIVERSITY OF TECHNOLOGY: COIMBATORE

APRIL 2011



ANNA U#\IIVERSITY OF TECHNOLOGY: COIMBATORE

BONAFIDE CERTIFICATE

Certified that ¢i8 project report entitied “A certain study on the performance of Induction

motor using Matrix converter” is the bonafide work of

Mr. Sibildas.M - Register No. 0920105010

Who carried owt the project work under my supervision

Signature of the Head of the Department Signature of the Supervisor

.........................................................

Dr. Rani Thottungal Dr.Ram Thottungal

Certified that the candidate with university Register No 0920105010 was examined in project
viva voce Examination heldon & 2/ \ !I vl
, .

vy 4 .
Im Exmner %fm )

DEPARTMENT OF ELECTRICAL & ELECTRONICS ENGINEERING
KUMARAGURU COLLEGE OF TECHNOLOGY, COIMBATORE 641 049

| N . . . .
(An Autonorpous Institution Affiliated to Anna University of Technology, Coimbatore.)

1



Proof of Publishing

A1e10109g

..... éo%_.o%q& _oﬁnaﬂi¢ bmﬂsg QBS“éd%»w@ mw&kn_w...\ﬁ.ﬁoz :hmus.,na.ﬁ:_ﬂ%:kﬁ._\g&ou un_._."b:::

IO
L1, NO2L2d

mosgumzo.u mmoE:&um 1 J0A2W00
3:« mu\:% “‘wiayshs «:o.m&@;scu A2Mod

nyey
UL e SN ALY,
SRREGUEY,

i




RAGURU COLLEGE OF manomﬁY

(An Avrenomons {nstiwstion Affliaed o Anen Unives sity of Techoology, Coimbniore} |
;"&b(‘i &.u;{t(i MB&& .o‘l!]‘. ?\1 &“X(ﬁ)
CBIHBATGRE 641 049

, Fifth National Conference on
“Innovations in Electrical, Electronics and

Control Systems”
(IEECONS 2011)

Certificate

to certify that Mr f%s&g;was_.ﬂ,lmgm,_

%__,_(_gas __________ has Presented/Pg+ticipated

titied A (ot Study On_tus_ erjosmance

Motws Uncert Abnosxmel_ Londitions D@.szmm

conference organized by the Department of

in

Electmical and Electronics Engineering, at
Kumar!ﬁ!aguru College of Technology, Coimbatore on
19" ijbarch 2011. |

Organising Secretaries Convener

pkshmi / Prof K. Premalatha Dr.Rani Thottungal Dr.S.Ramachandran
4 Principal




ABSTRACT

The rjatrix converter is a direct frequency conversion device with high input power
quality and regeneration capability. As a device without energy storage elements, it has

higher power dpnsity than PWM inverter devices. The abnormal conditions of input power

supply have great influence on the input/output performance of induction drive.

wide operating . ange, if some compensation techniques are used in abnormal conditions. So,
It is necessary fo compare the matrix converter fed induction motor with the conventional
VSI fed inductipn motor.

ially VSI fed induction motor is simulated for different modulation indices

and found the| modulation index at which VSI producing less THD. With that THD

Here ini

efficiencies arg calculated for different input voltages. The voltage at which the VSI
producing highest efficiency is chosen, that voltage is considered as normal voltage. Then the
performance off VSI fed induction motor under various abnormal conditions such as over

voltage(greater fhan normal), under voltage(less than normal) and normal voltage condition is

performed and| are compared with Matrix converter fed induction motor under three
conditions. As :+ prototype single phase matrix converter fed impedance fan is used. The fan
is designed to q\ln at three different speeds. For that Main components used here are IGBTs,
PIC microcontn}o]lers and driver (25N120) circuit. Hence the performance of VSI fed
induction moto+ was compared with matrix converter fed induction motor and prototype

model of single gbhase matrix converter was done.
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INTRODUCTION TO MATRIX CONVERTER

x converter (MC) is a direct frequency conversion device that generates

e variable frequency output voltage from the ac utility line. It has high power
1 currents with unity power factor) and it is fully regenerative. Fig. 1 shows
e structure. Since it does not involve an intermediate dc voltage link and the
associated large gapacitive filter, an MC drive has higher power density than a pulse-width
modulation (P ) inverter drive. The matrix converter is a forced commutated converter
which uses an :ay of controlled bidirectional switches as the main power elements to create
a variable outp ; voltage system with unrestricted frequency. It does not have any dc-link
circuit and does|not need any large energy storage elements. The key element in a matrix
converter is the] fully con-trolled four-quadrant bidirectional switch, which allows high-

frequency operatjon.

The intr

duction of power transistors for implementing the bidirectional switches
made the matrix iconverter topology more attractive. However, the real development of matrix
converters starts fvith the work of Venturimi and Alesina published in 1980. They presented the
power circuit of the converter as a matrix of bidirectional power switches and they introduced
the name “matriy converter.” One of their main contributions is the development of a rigorous
mathematical andlysis to describe the low-frequency behavior of the converter, introducing the
“low-frequency fhodulation matrix” concept. In their modulation method, also known as the
direct transfer fuhiction approach, the output voltages are obtained by the multiplication of the
modulation (alsq called transfer) matrix with the input voltage. Since the MC is a direct
frequency convetsion device, the disturbances at the ac utility grid (line) side are immediately
reflected to the Igad side. Line voltage source or impedance unbalances can result in unwanted
input/output harmponic currents. Several techniques that reduce the influence of the input voltage

unbalance on thefload side of the MC drive have been reported.

The mat ;x converter has several advantages over traditional rectifier-inverter type
power frequenci converters. It provides sinusoidal input and output waveforms, with
minimal higher :‘rder harmonics and no sub harmonics; it has inherent bi-directional energy
flow capability; [the input power factor can be fully controlled. Last but not least, it has
minimal energy ptorage requirements, which allows to get rid of bulky and lifetime- limited

energy-storing cdpacitors. But the matrix converter has also some disadvantages. First of all it

2
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nput output voltage transfer ratio limited to @ 87 % for sinusoidal input and

s. It requires more semiconductor devices than a conventional AC-AC
equency converter, since no monolithic bi-directional switches exist and
brete unidirectional devices, variously arranged, have to be used for each bi-

n. Finally, it is particularly sensitive to the disturbances of the input voltage

OLOGY

x converter consists of 9 bi-directional switches that allow any output phase
| to any input phase. The circuit scheme is shown in Fig.1.1.The input
*:onverter are connected to a three phase voltage-fed system, usually the gnid,
‘Ferminal are connected to a three phase current- fed system, like an induction

|The capacitive filter on the voltage- fed side and the inductive filter on the

h'epresented in the scheme of Fig.2.1 are intrinsically necessary. Their size is
ional to the matrix converter switching frequency. It is worth noting that
t bi-directionality and symmetry a dual connection might be also feasible for

:rter: a current- fed system at the input and a voltage- fed system at the

L.
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Fig.1.1 Circui

i scheme of a three phase to three phase matrix converter. a,b,c are at the input
terminals. A, B, C are at the output terminals.




e bi-directional switches the matrix converter can theoretically assume 512
(29) different sWitching states combinations. But not all of them can be usefully employed.
Regardlgss to the control method used, the choice of the matrix converter switching

states combinatfons (from now on simply matrix converter configurations) to be used must

comply with twp basic rules. Taking into account that the converter is supplied by a voltage

source and usudlly feeds an inductive load, the input phases should never be short-circuited

and the output qurrents should not be interrupted. From a practical point of view these rules

imply that one gnd only one bi-directional switch per output phase must be switched on at
any instant. By/this constraint, in a three phase to three phase matrix converter 27 are the

permitted switcing combinations.

1.2 OUTPUT VOLTAGE COMPARISON OF VSI AND MATRIX
CONVERTER

Since no{ energy storage components are present between the input and output side of

the matrix conHrerter, the output voltages have to be generated directly from the input

voltages. Each qutput voltage waveform is synthesized by sequential piecewise sampling of

the input voltag  waveforms. The sampling rate has to be set much higher than both input and

output frequencies, and the duration of each sample is controlled in such a way that the
average value kthe output waveform within each sample period tracks the desired output
waveform. As 4 nsequence of the input-output direct connection, at any instant, the output
voltages have t fit within the enveloping curve of the input voltage system. Under this
constraint, the aximum output voltage the matrix converter can generate without entering
the over- mod iation range is equal to V*3/2 of the maximum input voltage: this is an
intrinsic limit | matrix converter and it holds for any control law . Entering in the over-
modulation range, thus accepting a certain amount of distortion in the output voltages and
input currents, ft is possible to reach higher voltage transfer ratio. In Fig.1.2 the output
voltage wavefo n of a matrix converter is shown and compared to the output waveform of a
traditional voltajge source inverter (VSI). The output voltage of a VSI can assume only two
discrete fixed p#tential values, those of the positive and negative DC-bus. In the case of the
matrix converteg the output voltages can assume either input voltage a, b or ¢ and their value

is not time-invagiant: the effect is a reduction of the switching harmonics.




and surges are generated by the switching off of high power motors and other

inductive applfances. All electric motors and transformer generate fields that store energy.

When one of these appliances is switched off, the magnetic field collapses and as a result the
stored energy having no other place to go, come down the power line as a spike.Relatively
small motors ljke those used in refrigerators, photocopiers and air-conditioners can also lead
to spikes of t

nature. When §#

ousands of volts. Spikes and surges damage any equipment on a cumulative
number of spikes and surges get through, first the component and then the
electronic equipments fail. Spikes and surges are the main cause of destruction of the

electronic equi

Under| voltage = can be further divided into three categories, sags, brownout and
|

blackout.

]l . Sags

Sags aI under voltage that last for more than one cycle. Sags can very badly affect

induction motar.

Q. Brownout

Brown#ut 1s the low voltage condition that can be present even for several hours. This
is often create*i when the power demand exceeds the capacitor of the power generator.

Brownout can %1150 cause many problems. Fortunately, high or low voltage probiems can be

tackled by usir? some good quality voltage regulators.

‘3. Blackout

Blackort 1s the complete no-power condition. Sometime sudden power failure can

bring about wastage of time, money and resources. The interrupted process may have to be
restarted from|some earlier stages or sometimes even the complete work may have to be

redone right fr¢m the beginning.
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a) VSI b) Matrix converter
Figi 1.2 Output wave forms generated by VSI and Matrix converter
1.3 BI DIRE | TIONAL SWITCH REALIZATION

A firstk
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has represented

y problem is related to the bi-directional switches realization. By definition,
kwitch is capable of conducting currents and blocking voltages of both
| ing on control actual signal. But at present time a true bi-directional switch
Iable on the market and thus it must be realized by the combination of
i'directional semiconductor devices. Fig.1.3 shows different bi-directional
| ions which have been used n prototype and/or proposed in literature.

problem, tightly related to the bi-directional switches implementation, which

ia main obstacle to the industrial success of the matrix converter, 1s the

commutation pr.tblem. The commutation issue basically rises from the absence, in the matrix

converters, of s

commutate the 2

required in the t

a) Diode bridge with a

tic freewheeling paths. As consequence it becomes a difficult task to safely

0 current from one bi-directional switch to another, since a particular care is

ing and synchronisation of the switches command signals.

_ 1_
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-— — -] ———a
> . N
1 1 1
L.ing]e 1IGBT L Two anti-paralleled TGBT <) Two anik-paralleled NPT -IGBT s
with serics diodes with reverse blocking <apabilirty

Fig.1.3 Possible discrete implementations of a bi-directional switch.




1.4 INDUCTION MOTOR

The AC Asynchronous Motor also named, Induction Motor (IM) is the most

widely used elgetrical motor as it has its own advantages. The main advantage is that the

induction motozs do not require an electrical connection between the stationary and rotating

parts of the mdtor. Therefore, they do not need any mechanical commutators (brushes),
leading to the fhct that they are maintenance free motors. Induction motors also have low
weight and inerfia, high efficiency and high overload capability. Therefore, they are cheaper
and more robust, and less prone to failures at high speeds. Furthermore, the motor can work
in explosive enviironments because no sparks are produced.

!ecause of the highly non-linear and coupled dynamic structure, an induction
motor requires ore complex schemes than dc motors. When high performance dynamic
operation is r uired, more sophisticated control methods are needed to make the
performance of flnduction motors comparable with dc motors. Recent developments in areas
of drive control !techniques, fast semiconductor power switches, etc., made induction motors
alternatives to dk: motors in industry. One of the most widely used induction motor drive

control is Direct !Torque Control (DTC).

: e AC induction motor is a rotating electric machine designed to operate
from a three-ph e source of alternating voltage. The stator is a classic three phase stator with
the winding dis :aced by 120°. The most common type of induction motor has a squirrel cage
rotor in which aluminium conductors or bars are shorted together at both ends of the rotor by
cast aluminium gnd rings. When a set of three phase currents displaced in time from each
other by angular intervals of 120° is injected into a stator having a set of three-phase
windings displa ;ed in space by 120° electrical, a rotating magnetic field is produced. The
interaction of th: sinusoidally distributed air gap flux and induced rotor currents produces a
torque on the r Eor. The rotating magnetic field has an uniform strength and travels at an
angular speed ec.ual to its stator frequency. It is assumed that the rotor is at standstill. The
rotating magnetig field in the stator induces electromagnetic forces in the rotor windings. As
the rotor windings are short-circuited, currents start circulating in them, producing a reaction.

As known from [Lenz’s law, the reaction is to counter the source of the rotor currents, 1.e.

induced emf in the rotor and in turn, the rotating magnetic field itself. The induced emf will




be countered

becomes zero.
of stator magn
the rotor and
rotor currents

the rotor will §

L

f the difference in the speed of the rotating magnetic field and the rotor
The only way to achieve it is for the rotor to run in the same direction as that
rtic field and catch up with it eventually. When the differential speed between
agnetic field in the stator becomes zero, there is zero emf, and hence zero
sulting in zero torque production in the motor. Depending on the shaft load,

ettle down to a speed, o, always less than the speed of the rotating magnetic

field, called sypchronous speed of the machine, . The speed differential is known as the slip

speed, @ The

relationship between synchronous speed and stator frequency is given by,

_ W, = 2xf, rad/sec.
The speed of the stator magnetic field in rpm is given by
ng = 120*f;/ P.

1.5 VOLTAGE IRREGULARITIES

The ah)
input/output p

special attenti
past. Overheati
the adverse ef

degradation.

ormal conditions of input power supply have a great influence on the
; ormance of induction drive. The problem of voltage unbalanced has attracted
in amongst electrical engineers dealing with power quality issues in recent
g, line-current unbalance, de rating, torque pulsation, and inefficiency etc are

fects of voltage unbalance. The overheating leads to winding insulation

Power niroblems can be divided into two main category, that is:-

1) Overvoltage
P) Under voltage

electronic equ
motor controll

The e
typical spike

damage the cor

:=tage can be again divided into two types, spikes and surges.

5 is a very short burst of high voltage which can disrupt the operation of any

| ments. Some small spikes are caused by switching equipment, including
s. When lighting strikes the power system, it can cause very large spikes.

ect on electronic equipments varies with the size and power of the spike. A

y have a fairly high voltage (5000 volts or more). Small spikes usually do not

nponents, but spikes caused by lighting can be much more powerful.




4. Noise

Any sighal present on the power line besides the expected alternating current of 50 Hz
is called the ndjise. Noise usually consists of short term over and under voltages. There are
several differery types of noise. Large electric motors can create powerful electromagnetic
fields and may|cause EMI problems. Electric motors, which may cause EMI, are found in
various kind of equipment-refrigerators, air conditioners, washing machines, furnaces, copier,

elevators, machjne tools, and so on.
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1.6 LITERATURE SURVEY

The mr[trix converter (MC) offers possible “all silicon” solution for AC-AC
conversion, rerthoving the need for reactive energy storage components used in conventional

converter syste. Its topology was first described in 1976 by Gyugyi in his paper “Static

Power Chargess, Theory, Performance and Application”. Previous published studies dealt
with three-phasg circuit topologies. MC in the three-phase variant is widely researched whilst
the Single-Phase Matrix Converter (SPMC) has very little attention whilst offering very wide
application. |
The Si\fe-phase matrix converter (SPMC) was first realised by Zuckerberger in his

paper “Single-~ ase Matrix Converter”. All previous works have focussed attention to direct

AC-AC single |phase converter and DC chopper but none on inverter as well as rectifier
operation.

Investi%btions on the implementation of the Single phase Matrix Converter as an AC-
AC converter siubject to passive load conditions was done by Zahirrudin Idris in his paper
“ImplementatioIP] of Single Phase Matrix Converter as a direct AC-AC converter Synthesised
using SPWM w[ith passive Load Condition”.

Implem%ntation of a new modular AC-AC matrix converter and its control system are
described by RLW Ericson in his paper “control and Implementation of a New Modular
Matrix Convenj&r”. It is capable of both increasing and decreasing the voltage magnitude and

frequency, whill&: operating with arbitrary power factors.

1.7 OBJECTIVES OF THE PROJECT

1. A study:,on the Performances (Speed, Torque, Total Harmonic Distortion) of the 3
phase Influction Motor Drive fed by Matrix Converter under abnormal mnput voltage
conditio?s and Comparing the performance with the Conventional VSI fed induction
motor

2. Hardwark implementation of Single phase matrix converter fed by a 230V ac motor.

10




1.8 ORGANIZATION OF THE REPORT

Chapter 1 dealg with the introduction to the project.

Chapter 2 dea:] with description about VSI fed induction motor and simulation results

of thee phase fed induction motor

Chapter 3 contjins description about Matrix converter fed induction motor, simulation results
of t ; ee phase matrix converter fed induction motor with comparison to VSI fed .
induction thotor
Chapter 4 protgtype model single phase matrix converter fed by a single phase 230V ac .
motor.

Chapter 5 give# the Conclusion of the Project and the scope for future work.




%
| C
hapter 2

12




VOLTAGE SOURCE INVERTER

The nv:[in objective of static power converters is to produce an ac output waveform
from a dc powr supply. These are the types of waveforms required in adjustable speed drives

(ASDs), unintgrruptible power supplies (UPS), static var compensators, active filters, flexible

ac transmissign systems (FACTS), and voltage compensators, which are only a few

applications. For sinusoidal ac outputs, the magnitude, frequency, and phase should be

controllable,

Accorfling to the type of ac output waveform, these topologies can be considered as
voltage sourcg inverters (VSIs), where the independently controlled ac output is a voltage
waveform. These structures are the most widely used because they naturally behave as
voltage source*s as required by many industrial applications, such as adjustable speed drives
(ASDs), whicl} are the most popular application of inverters. Similarly, these topologies can
be found as CL+'rent source inverters (CSIs), where the independently controlled ac output is a
current wavellform. These structures are still widely used in medium-voltage industrial
applications, \flhere high-quality voltage waveforms are required. Static power converters,
specifically inflerters, are constructed from power switches and the ac output waveforms are
therefore mad+ up of discrete values. This leads to the generation of waveforms that feature

fast transitionsi rather than smooth ones.

For in:#tance, the ac output voltage produced by the VSI of a standard ASD is a three-
level waveforr:h (Fig. Ic). Although this waveform is not sinusoidal as expected (Fig. Ib), its
fundamental c%)mponent behaves as such. This behavior should be ensured by a modulating
technique that icontrols the amount of time and the sequence used to switch the power valves
on and off. ’ﬂ:he modulating techniques most used are the carrier-based technique (e.g.,

sinusoidal pul}se width modulation, SPWM), the space-vector (SV) technique, and the

Selective—harm}Dnic-elimination (SHE) technique.




¥, i; ASD Vi

"_\ / -T- /
a) (li\}/ 5 T J[ 5 v
aqmains Tectifer de link inverter load

8¢ tains ;&is i load side A‘, i
b) | _
N YN

Fig. 2.1: The ac output voltage produced by the VSI of a standard ASD

a) The electrical power conversion topology;
b) The ideal input (ac mains) and output (load) waveforms; and

¢) The actual input (ac mains) and output (load) waveforms

2.1. SINGIJ]E-PHASE VOLTAGE SOURCE INVERTERS

Single-iphase voltage source inverters (VSIs) can be found as half-bridge and full-

bridge topolo$es. Although the power range they cover is the low one, they are widely used

in power supﬁlies, single-phase UPSs, and currently to form elaborate high-power static

power topologies, such as for instance, the multicell configurations.




2.1.1 Half-Brigge VSI

Fig belpw shows the power topology of a half-bridge VSI, where two large capacitors
are required t§ provide a neutral point N, such that each capacitor maintains a constant

voltage (Vi)/2] Because the current harmonics injected by the operation of the inverter are

low-order harhonics, a set of large capacitors (C+ and C-) is required. It is clear that both

switches S+ a d S- cannot be ON simultaneously because a short circuit across the de link
voltage sourcd Vi would be produced. There are two defined (states 1 and 2) and one
undefined (statg 3) switch state as shown in Table 1. In order to avoid the short circuit across
the dc bus and: the undefined ac output voltage condition, the modulating technique should

always ensure that at any instant either the top or the bottom switch of the inverter leg is on.

—
P
i -+
, j "2 —— ’l::.:
- +
LA | L
T S ol -
i 5T
Doy L2 _
T < s >
: - -
Fig 2.1.1 Single phase half bridge VSI
Tables2.1.1
Switching states for a half bridge single phase VSI
Srate State t Components
| Conducting
+Eonand| . isoff i v /2 ¢ iF =D
+ if =0
- sonand| , is off 2 -t J2 . i =0
; . if =@
4 and _ aréall off 3 =t 2 _if =0
v 2 g if =<0
15




2.1.2 Full-Bridge VSI

Fig. belpw shows the power topology of a full-bridge VSI. This inverter is similar to
the half-bridge}inverter; however, a second leg provides the neutral point to the load. As
expected, both §witches S1+ and S1- (or S2+ and S2-) cannot be on simultaneously because a
short circuit acjoss the dc link voltage source Vi would be produced. There are four defined

(states 1, 2, 3,fand 4) and one undefined (state 5) switch states as shown in Table 2. The

undefined condition should be avoided so as to be always capable of defining the ac output

voltage. It can pe observed that the ac output voltage can take values up to the dc link value
Vi, which is twice that obtained with half-bridge VSI topologies. Several modulating
techniques have been developed that are applicable to full-bridge VSIs. Among them are the

PWM (bipolar and unipolar) techniques.

|
1 2 E
bt S D S. D
. i+ [+ i+ 2-
B k’l —_—— C+
7 (24 +
W@ v
L+
V2 == O
- Sg_ ! Dl- SZ—
s
. Fig 2.1.2 Single phase full bridge VSI
Tables 2.1.2
$witch states for a full bridge single phase VSI
State State by ty b Compenents Conducting
1+ and 5 areonand | and 5 areoff 1 v /2 —t (2 v i and 5 if =0
. i+ and - [f <0
- and 4, aweonand '+ and ,_ are off 2 - 2 v A2 - -and 4, if =0
: - and 5, if <0
¢ and o, areonand | and ,_ areoff 3 2 t (2 0 1o and o, if =40
o and oy if <0
1 and 5. are on and *and 24 ate off 4 -t 2 ot f2 0 and o it =0
‘ yoand it <0
1-v 2o 14 2td gy aedall off 5 i 2 B2 —~ - and o if =0
v /2 ~t 2 ¢ pand o if =0
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2.2. THREE PHASE VOLTAGE SOURCE INVERTERS

Single-ghase VSIs cover low-range power applications and three-phase VSIs cover
the medium- tofhigh-power applications. The main purpose of these topologies is to provide a

three-phase volfage source, where the amplitude, phase, and frequency of the voltages should

always be cogtrollable. Although most of the applications require sinusoidal voltage

waveforms (e. :., ASDs, UPSs, FACTS, VAR compensators), arbitrary voltages are also
required in so

The standard

emerging applications (e.g., active filters, voltage compensators).

ee-phase VSI topology is shown in Fig. below and the eight valid switch
states are given) in Table 3. As in single-phase VSIs, the switches of any leg of the inverter
and S6, or S5 and S2) cannot be switched on simultaneously because this
in a short circuit across the dc link voltage supply. Similarly, in order to avoid
s in the VSL, and thus undefined ac output line voltages, the switches of any
er cannot be switched off simultaneously as this will result in voltages that
n the respective line current polarity. Of the eight valid states, two of them (7
3) produce zero ac line voltages. In this case, the ac line currents freewheel
through either|the upper or lower components. The remaining states (1 to 6 in Table 3)
produce non-zgro ac output voltages. In order to generate a given voltage waveform, the
inverter moves from one state to another. Thus the resulting ac output line voltages consist of
discrete value4 of voltages that are Vi , 0, and -Vi for the topology shown in Fig. 4. The
selection of thk states in order to generate the given waveform is done by the modulating

technique that Fhould ensure the use of only the valid states.

D.s 5‘1

Fig 2.2 Three phase VSI Topology
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Table 2.2
Switching states for 3 phase VSI

State Uap By g
3 are off 1 o 0 -t
¢ are off 2 g f.l —1
5 are off 3 -t} 4 0
¢ are off 4 et 0 v
1 are off 5 0 -y t
1 ,areoff 6 ¥ - 0
and jarcof 7 0 0 0
and sareoff 3 . -0 0 o
2.3 SIMULAJTION MODEL OF VSI

Enmuou{

[

3

=3
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<

3
Tha » -
ex-Phase Source Thrde Phasa
V[ Med suramenty

o
i

T B
- A_ﬁ_‘ﬁ;:

The above figurd
initially rectified
inverted by the in

generator. Here M

Fig 2.3 Simulation layout for a three phase VSI

 shows the simulation circuit for three phase VSI. Here three phase ac is
by the uncontrolled rectifier, and then it is filtered by L.C filter and finally
verter. The pulses required for the inverter operation is given by the pulse

atlab 7.7 version is used for simulation.
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2.4 SIMULATION RESULTS
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From the above graphs at 0.8 modulation index the total harmonic distortion is less.

The below grgphs shows the efficiencies of VSI at 0.8 Modulation index.

Table 2.4
Efficiencies for VSI at different input voltage at 0.8 MI

Input Output Efficiency
Voltage Voltage
- 360 350 97.2
380 360 94.7

400 387 06.8

420 410 97.6
440 424 96.4
|

T
1

From iihe above table at 420V input voltage the Voltage Source Inverter have highest

efficiency.
2.5 CONCILUSION

The operatiofr of VSI fed induction motor is evaluated by computer simulation using
MATLAB/SIMULINK. The system is simulated with various values of modulation indices.
The variation iéof THD with Modulation index and the efficiencies at 0.8 modulation index

are noted. It wiras shown above
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Chapter 3




SIMULATION OF MATRIX CONVERTERS

An ACAAC converter converts an AC waveform such as the mains supply, to another
AC waveform, where the output voltage and frequency can be set arbitrarily.
AC/AC converfers can be categorized into
* Convertersjwith a DC-link.

rix Converters,

AC conversion today typically converter systems with a voltage or current
DC-link are
a diode bridge.

loyed. For the voltage DC-link, the mains coupling could be implemented by
o accomplish braking operation of a motor, a braking resistor must be placed
in the DC-link. |Alternatively, an anti-parallel thyristor bridge must be provided on the mains
side for feeding back energy into the mains. The disadvantages of this solution are the

relatively high mains distortion and high reactive power requirements (especially during

inverter operatign).

An AC/AC conwverter with approximately sinusoidal input currents and bidirectional power
flow can be realized by coupling a PWM rectifier and a PWM inverter to the DC-link. The
DC-link quanti+y is then impressed by an energy storage element that is common to both
stages, which i¢ a capacitor C for the voltage DC-link or an inductor L for the current DC-
link. The PWMTrectifier is controlled in a way that a sinusoidal mains current is drawn, which
is in phase or ainti-phase (for energy feedback) with the corresponding mains phase voltage.

figure 2.10 shov;rs the matrix converter

Coy D Matrix Converter

Input Filter ‘ i, &, o “f-'.‘ ‘
{L w} :

Fig 3.1 Matrix Converter




Due to the DC{link storage element, there is the advantage that both converter stages are to a
large extent dlCoupled for control purposes. Furthermore, a constant, mains independent
input quantity [exists for the PWM inverter stage, which results in high utilization of the
converter’s poyer capability. On the other hand, the DC-link energy storage element has a
relatively largg physical volume, and when electrolytic capacitors are used, in the case of a
voltage DC-link, there is potentially a reduced system lifetime. In order to achieve higher

power density nd reliability, it is makes sense to consider Matrix Converters that achieve

three-phase /AC conversion without any intermediate energy storage element.

Conventional I¥irect Matrix Converters perform voltage and current conversion in one single

stage. There is fhe alternative option of indirect energy conversion by employing the Indirect
Matrix Converfer or the Sparse Matrix Converter which was invented by Prof. Johann W.
Kolar from the[ETH Zurich. As with the DC-link based systems, separate stages are provided
for voltage and current conversion, but the DC-link has no intermediate storage element.

Generally, by employing matrix converters, the storage element in the DC-link is eliminated

at the cost of a Jarger number of semiconductors. Matrix Converters are often seen as a future
concept for varjable speed drives technology, but despite intensive research over the decades
they have until pow only achieved low industrial penetration. The reason for this could be the

higher complexity in modulation and analysis effort.
The advantag*s of the MC are:

a) Fouri quadrant operation and, therefore, it is inherently bidirectional. Thanks to
bidirectional s‘.}]itches, the MC can deliver or take power from the grid, with a direct and
Instantaneous cil,onversion between input and output of the converter (conventional AC/AC

converters use #wo conversion steps with an intermediate DC link).

ugh the MC uses a high number of switches, there is a tendency in the
market towardg a price reduction of silicon components, and this problem will be minimized
in a foreseeable future. The high number of switches means a higher distribution of the
thermal stress ip the switches.

c) The|MC can operate in high and low pressure environments, and at high
temperatures, s jch as space and submarine applications where the use of electrolytic
capacitors 1s r itricted. In this sense, the MC is a good candidate for the connection of tidal

energy power sj
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d) The|power losses of the MC may be considerable reduced using semi-soft
commutation sfrategies. For this reason, high switching frequencies can be used, highly
reducing the sige of filters and auxiliary equipment. High operating frequencies mean high
order harmonicg, which are less harmful for the grid. All this makes the MC more efficient
than a "rectifierfinverter” approach.

e) Usipg appropriate modulation strategies, it is possible to achieve sinusoidal
currents at the grid and sinusoidal voltages at the load, with an unity power factor with any
type of load. |

The M( is a very promising technology that may contribute to the development of

power electronics, but nowadays, several technological barriers must be superseded in order
to extend its us¢ in real commercial applications. Some of the challenges are:

a) Protection of the converter is a complex task, because there is no way to store

energy. i

1

b) The

power conversipn has no intermediate steps. There are some strategies to reduce this effect,

C 1s very sensitive to voltage dips and distortions in the grid, because the

such as load stpred energy recovery or improved modulation strategies, anyway this is an
1d.

C has a limited voltage transfer ratio of 0.86. This voltage transfer ratio may

open research
¢) The
be increased with a higher harmonic content at the load.

d) The high number of power switches in a MC means a higher connection
complexity, co‘trol, thermal management, etc. Thus, the development of Intelligent Power
Modules (IPM} or Power Electronics Building Blocks (PEBB), integrating the power
switches with the gate control circuits, increases the reliability and the efficiency of the

converter, and makes the design task easier. The development of new silicon switches, such

as RB-IGBT, wjll further improve these aspects.
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Table 3.1
Comparison of different power converters

‘Inverter-Rectifier’
converter

Multilevel converter

Matrix converter

Capaitors

Large sized
capacitors, reduced
lifetime

Small capacitors but
in large numbers

No high
capacitors

Tempgrature

Very sensitive

High influence in

Less influence in

behavior behavior
Sw1tcl|an loss High ngh Low
Coxgtrol Simple Very complex Complex
Power juality Poor Acceptable Good
3.1 SWIJFCHING TABLE
j Table 3.1.1
) Allowed Switching States
1
: # 54a S§Ba SCa SAb S§Bb  5Cb  SAc  $Be  SCe
‘1 1 o o 0 1 0 o 7 L
P2 1 o o o 0 ] ¢ 1 a
'3 1] i [+ 1 Q e 0 B i
4 o 1 o o a 1 1 a o
¥ o a 1 1 o o o 1 a
] Q ] 1 a H Q ] a
7 1 o 0 Q o 3 o a 1
'8 a 1 o o 0 G a 1
‘o o 1 o 1 0 o 1 a 2
10 2 a 1 1 o ) 1 ) a
1 a a 1 9 : 2 © - N
22 1 2 0 Q : 2 o X a
13 o a 1 o o 0 a 1
L 9 a 1 g 1 o 0 o L
= 1 o] o a : a 1 a 2
iﬁs 1 o o ) o 1 1 A ]
ir.t T o 1 ) 2 o 1 @ : a
¥ Q 1 G 1 o g O 1 a
Lo a a a o 1 1 5 a
0 a o 1 a 3 i o 2
i1 3 o o 1 o 2 0 3
b 2 1 b o 1 o ) o o
p3 a 1 o : o ] ]
£4 a 1 o : ] 1 o a
p= 1 ol b 1 o o 1 o o
.:6 a 1 O 7 M M [ 1 a
e ja Al ] ] i (o] bl i
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Table

converter for

device into an

hardware congection due to the presents of internal diodes

3.1.1 shows the possible switching combination that can achieved in matnx
ave operation. Table 3.1.2 shows the different way of making an unidirectional

bi-directional device, connection scheme shown in variant 1 is selected for the

Table 3.1.2
Switching Configuration of A Matrix Converter
Variant Switching Configuration | Driver Switches/

Diodes/Total
Matrix Convéﬁrter 1. / 18/18/36

_ w’
2. {;f::} 18/18/36
3. :‘“ 18/0/18

| 24
DC - Voltage —Link 12/12/24
Converter

%




3.2 SIMULATION MODELS

Simulatjon model of three phase matrix converter fed induction motor given in fig

3.2.1. Here in mjatrix converter nine switches are used. In each switch there will be two

IGBTS. The swjtch connection shown in fig 3.2.2. The control system and switching logic
used are used i figure 3.2.3 and 3.2.4.

| O—f ]
Continuous Threg-Phase Matrix Converter E}i Clodk To Workspace
powergui

Contral To Worspaoet
_.-®: R f Lead <Rolor speea fwmy <
A Vabc Tmﬂ 1
'@1 ! - a o 2 Ll
B Y J\ y 8 b ._....J-_ﬂ ] <Electromagnetia torqve Te IN“myp
; €T
‘ Three-Phase Induction Moter —)Gl
. 1 V-1 Measurernent
/—-—qn@--—- B + b
«Ih j_
Ma#x Converter
I thd
To Wonspace3
...,J’ signal  THD ;{D
Total Harmanic
Distorsion _@
|Figure 3.2.1 Simulation model of three phase Matrix converter
o+
g

_>(g:—§j]_Ea—‘_ HE-E-Q
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Figure 3.2.2 Switch connection
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Control System
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3.3 SIMULATION RESULTS

From th¢ simulation of VSI fed induction motor, at 420V supply voltage it has highest
efficiency. So 420V taken as normal supply voltage. Then the simulation is done for Matrix
converter fed Ijduction motor and result is compared with VSI fed induction motor. That is,
Matrix convertpr and VSI fed induction motor are simulated for speed, Total harmonic
distortion and Torque and the result are compared. For under voltage condition considered
400V and 440£’ as Over Voltage. Then simulation is done for Speed, Total Harmonic

distortion and térque, and then results are compared.
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Figure 331 Speed of VSI and Matrix converter fed induction motor 420V (normai)
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Figure $.3.2 Torque of VSI and Matrix converter fed induction motor 420V (normal)
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Figure 3.3.5 Speed of VSI and Matrix converter fed induction motor 400V (Under)




Figure $.3.6 Torque of VSI and Matrix converter fed induction motor 400V (Under)
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3.4 COMPARISON OF SIMULATION RESULTS

Table 3.3.1

Comparison of VSI and Matrix converter fed Induction motor at 400V

DESCRIPTION MATRIX CONVERTER VSI
Transient Pen'ci}d 0.05 0.13
Torque 110 50
Total harmoniq distortion 4.97% 10.36%

! Table 3.3.2

jpomparison of VSI and Matrix converter fed Induction motor at 420V

H
+-

DESCR;FPTION MATRIX CONVERTER VSI
Transient Perid;i 0.04 0.1
Torque 121 51
Total harmoniddistortion 4.97% 10.36%

Table 3.3.3

_Comparison of VSI and Matrix converter fed Induction motor at 440V

DESCR&PTION MATRIX CONVERTER VSI
Transient Periogd 0.03 0.09
Torque 130 61

4.97% 10.36%

Total harmonicldistortion
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From :le above tables Transient period and the Total harmonic distortion are less in
Matrix converter fed induction motor comparing to VSI fed induction motor and also Torque
1s higher in Matrix converter fed induction motor. Hence Performance of Matrix converter

fed induction motor is better than VSI fed induction motor.

3.5 CONCLUSION

various voltagq conditions. Also tabulation is done at Normal voltage, under voltage and over

voltage for both VSI and Matrix converter fed induction motor.
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MATRIX CONVERTER HARDWARE MODEL AND RESULTS

A prototype model of matrix converter has been designed and implemented. The
matrix converte designed for single phase supply and it has been designed to perform the

conversion of frpquency form 50Hz to 50Hz, 50/3Hz to 50Hz & 50/3Hz to 50Hz. Matrix

converter is developed using MOSFET switches which is connected anti-parallel to each

other. The change of frequency is achieved by getting a feed forward loop from the input,
thus the zero cqossing of input supply is detected and firing angle is calculated by the

controller accordingly.

Induction
Motor

Martrix Converter

{25N120)
12v Driver
— IRF2110
230ML 30HZ AC 'y

$upply
v
i — Controller
! {PIC 16F877A)
i

' Fig 4.1 Block diagram of Matrix Converter

39




4.1 BLOCK PIAGRAM DESCRIPTION

of understanding.
. Single Phase Matrix Converter.
. 12/220V Single Phase Transformer
. Isolation Transformer
. | Power supply circuit
. PIC 16877A
. Driver circuit
. | Optocoupler
. AC motor
. Resistors and Capacitors

The entire system is divided into the following subsystemns for the easiness

' The figure. 4.1 shows the experimental setup used in this project. The 1-ph

supply is given through the 220/0-12V transformer. 8 IGBTS switches which are connected

]
antiparallel fornys, the Matrix circuit incorporating the rectifier and inverter operations. The

output of matri)é converter is fed to the impedance fan, which is generally used for cooling

purpse. Driver :hcircuits are provided through ICs IRS 2110. Optocoupler are provided

between the pox"lrer circuit and the signal level circuit for isolation. The switching pulses are

generated by th%: PIC microcontroller. The pulses are generated such that to run the fan at
three different sﬁeeds 50Hz, 50/2 Hz and 50/3 Hz.

4.1.1 Power Suiﬁply Unit

The Ac \ioltage, typically 220V rms, is connected to a transformer, which steps that ac

voltage down toi;the level of the desired dc output. A diode rectifier then provides a full-wave

rectified voltage% that is initially filtered by a simple capacitor filter to produce a dc voltage.

I
This resulting dcf voltage usually has some ripple or ac voltage variation.

TRANSFORMHR

RECTIFIER

-

FILTER

—

IC REGULATOR

—»]

SUPPLY
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Fig 4.1.1.a Block diagram of power supply




A regulgitor circuit removes the ripples and also remains the same dc value even if the
input dc voltagg varies, or the load connected to the output dc voltage changes. This voltage
regulation is ugpally obtained using one of the popular voltage regulator IC units. The power

circuit diagram|& layout are shown in figure 4.1.2 &4.1.3

+5¥ POWERSUPPLY

2 O SVIS KA

.

230V AC LT e

= o3sv

13
-

13K
8

1|

CHEND

0000

L4

: Fig 4.1.1.b Power Supply Circuit

The AC voltage, typically 230Vrms, is connected to a transformer, which
steps that ac vipltage down to the level for the desired dc output. A diode rectifier then
provides a full iMave rectified voltage that is initially filtered by a simple capacitor filter to
produce a dc iioltage. This resulting DC voltage usually has some ripple or ac voltage
variation. A regulator circuit can use this DC mput to provide a dc voltage that not only has
much less Iipi\l‘e voltage but also remains the same dc value even if the input dc voltage
changes. This vk)ltage regulation is usually obtained using one of a number of popular voltage

regulator IC unﬂts.

YJaqu2 d3409

<4

Fig 4.1.1.c Power Supply

4.1.2 Single Phkise Matrix Converter
' The single phase Matrix converter with bidirectional MOSFETs are

arranged whichlj are capable of blocking voltage and current in both directions. Of the eight

MOSFET switdhes, four of them will work during the rectification mode and the remaining
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four will work during the inversion mode of operation. The schematics and layout is shown in
figure below.

)

=4

n

|
i 1)

i

ra
-

*]

'
-

l]jfig 4.1.2.a Single phase Matrix converter Circuit

Fig 4.1.2.b Power Module Board
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Advantages of MOSFET

electric

IGBTs are abl
used.

IGBT provides much better system reliability.

IGBT provides fast switching speed

Overload and peak current handling capacity is high

IGBTs have better temperature stability

Drain-source conduction threshold voltage 1s absent which eliminates

ql noise.

T to operate in hazardous radiation environments. Here FGA25N120AN s

4.1.3 Pulse Gegerating Circuit

CMOS flash rrkcrocontroller with A/D controller. pin configuration and layout is shown in

figure below

T
o =
MCIR - W
= =
.
2 | apco
3 )bt
[
c RDG —= P
M 13 17
| _L xT cop L 1E
XTI | a0
Lz fﬁgé —
o) T8
285 [—
[1 14 XT -
ol z  z
e : TICT6FE774

—=

Fig 4.1.3 a Pin configuration of PIC16F877A
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i)

Fig 4.1.3.b Mother Board

Features of PI*Z16F877A

High-Perform*nce RISC CPU
e Only35 igsingle word instructions to learn
o Al ins&ructions are 1us (@4MHz) except for program branches which are 2 cycles
» Operatizhg speed: DC - 20MHz clock input.

Peripheral F eaﬁures:

e Two 8-b_ht timer/counter (TMRO, TMR2) with 8-bit programmable prescaler.
e 125ns iresolution for PWM mode.

» Two Capture/Compare PWM (CCP) Module.

. Brown-dut detection circuitry for brown-out Reset (BOR).

Special Micro gontroller Features

» Self-rep : grammable under software control.

e Power sgving Sleep mode.
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4.1.4 Driver Circuit

The driver circll: consists of the integrated chip IR2110, diodes, resistor at a de¢ voltage of

+12V. the scheatics is shown in figure below.

vEC W
9 7
VDD HO
PRT Hlolum v 2
: vie b A s 5
5 =1 vss  vee _5_ 11 Diode 1h4007
{ NC  COM - R G
] NC LO pr— 1 '
| VTN
/] T
Diode 1N4007
: 3

Fig 4.1.4 driver circuit
4.1.5 Optocou*ler:

Optocm}pler is also termed as optoisolator. Optoisclator a device which contains a
optical emitter,i- such as an LED, neon bulb, or incandescent bulb, and an optical receiving
element, such :ps a resistor that changes resistance with variations in light intensity, or a
transistor, diodk, or other device that conducts differently when in the presence of light.
These devices ﬁre used to isolate the control voltage from the controlled circuit. Figure 3.10

shows the pin donfiguration of Optocoupler

CATHODE [ 5 COLLECTOR

ANODE [ s BASE
2
nelzs 4 EMITTER

NC — No internal connection

Fig. 4.1.5 MCT2E OPTOCOUPLER
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e High Difect-Current Transfer Ratio

e Base Lehd Provided for Conventional Transistor Biasing
e High-Vgltage Electrical [solation . . .

e 1.5-kV, pr3.55-kV Rating

¢ Plastic Pual-In-Line Package

* High-Sgeed Switching:

4.2 HARD | RE MODEL AND RESULTS

The fabi‘icated hardware model is as shown in fig. below. Here output of matrix
converter is cninnected to a impedance fan, which was generally using for cooling
purpose. Here ihe impendence fan is running at three different speed corresponding to
50HZ, 50/2HZ Fmd 50/3 HZ frequencies and the switching signals for that different speed
is given in fig *.3,ﬁg 4.4 and fig4.5

Fig.4.2 Prototype photo
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47

e S SO W |
. ‘ : o 1Fr_equency

-¥3:49.51Hz

T Vpp
3:48.8U
i Jlichan off
4. Yims
HRARRE <17 I TR
: i:chan of

Vs

i

HH{w-‘o)n»li(-w-l-l—»-s—!-i-l—un(»H 14
H ! ¥ H N N
. . + . .
+
+
+
>
M

e e 4 b
b N H

hs
1:Ehdn of £

WCHS EDGE  /  49.8972Hz

(o ce CHZ —=2au

Fig.4.4 Switching signal for IGBTS
at 50/2 HZ

Lrsrrpeedrdensat)

BCHEEDGE 7 9. 473502

CH3 -~ DR
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5.3 CONCRUSION
The single phase matrix converter fed impendence fan is run at three
different speefl corresponding to S0HZ, 50/2HZ and 50/3HZ and the corresponding output

was taken.
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CONCLUSION AND FUTURE SCOPE

5.1 CONCLVYSION

SimulaIn is done for various values of modulation indexes at different values of
input voltage for VSI fed induction motor. From that simulation results the modulation index
at which VSI producing lowest THD is found. Then the efficiencies are calculated for

different input poltages at that modulation index. From that, input voltage at which VSI

producing highest efficiency is chose. Then Matrix converter fed induction motor is
simulated at nofmal input voltage, under voltage and over voltage conditions. Then results

are compared with VSI fed induction motor. From the simulation results,

* The transient period taken by the Matrix  converter fed Induction

motor 15 less than VSI fed induction Motor.

)| The torque is higher for the Matrix converter fed induction motor,
. Also the Total Harmonic Distortion is less in Matrix converter fed . .
Induction Motor.

Hence tﬁe performance of Matrix converter fed induction motor is better than VSI fed

induction motof.
5.2 FUTURH SCOPE

High pefformance of MC fed induction motor drive could be obtained over a wide
operating rangeﬁ, if some compensation techniques are used in abnormal conditions. So,
research on corhpensation strategy of matrix converter is one of the further extensions of

present work.

49




References

50



REFERENCES

[1]M. Venturifi,“A new sine wave in sine wave out conversion technique which eliminates
reactive elerients,” in Proc. Powercon *80 Conf., vol. 7, 1980, pp. E3-1-E3-15.

[2]L. Huber afjd D. Borojevic, “Space vector modulated three-phase to three-phase matrix
converter with input power factor correction,” IEEE Trans. Ind. Applicat., vol. 31, pp.
1234-1246,Nov./Dec. 1995.

[3]J. Oyama, X. Xia, T. Higuchi, and E. Yamada, “Displacement angle control for matrix
converter,” ih Proc. IEEE PESC'97 Conf., 1997, pp. 1033-1 039

[4]S. Ishii, E. éYamamoto, H. Hara, E. Watanabe, A. M. Hava, and X. Xia, “A vector
controlled hjgh performance matrix converter—induction motor drive,” in Proc. IPEC'00
Conf., Toky¢, Japan, 2000, pp. 235-240.

[S5]V. Soares, B Verdelho, and G. D. Marques, “An instantaneous active and reactive current
component thethod for active filters,” JEFE Trans. Power Electron., vol. 5, pp. 660669,
July 2000.

[6]F. Z. Peng abd J. 8. Lai, “Generalized instantaneous reactive power theory for three-phase
power systerils,” IEEE Trans. Instrum. Meas., vol. 45, pp. 293-297, Feb. 1996.

[7]1P. Enjeti an {P.D. Ziogas, “Analysis of a static power converter under unbalance: A novel
approach,” JTEE Trans. Ind. Electron., vol. 37, pp. 91-93, Feb. 1990.

[8]1D. Vincenti rand H. Jin, “A three-phase regulated PWM rectifier with on-line feedforward
input unbalalrce correction,” IEEE Trans. Ind. Electron., vol. 41, pp. 526-532, Oct. 1994,
[9]D. Vincenti,f[P. D. Ziogas, and R. V. Patel, “An analysis and design of a force commutated
three-phase 'PWM AC controller with input unbalance correction capability,” in Proc.

IEEE APECY92 Conf,, 1992, pp. 487-493.

[10] J. K. K}mg and S. K. Sul, “Control of unbalanced voltage PWM converter using
instantaneoup ripple power feedback,” in Proc. IEEE PESC'97 Conf., 1997, pp. 503-508.
[11] Alesinafand M. G. B. Venturini, “Analysis and design of optimum-amplitude

nine-switch |

101-112, Jag. 1989.

irect ac-ac converters,” IEEE Trans. Power Electron., vol. 4, no. 1, pp.

[12] D.G. Imes and T. A. Lipo, “Implementation of a controlled rectifier using ac-
ac matrix cdnverter theory,” IEEE Trans. Power Electron., vol. 7, no. 1, pp. 240-250,
Jan. 1992,

[13] C. L. left and C. D. Schauder, “Theory and design of a 30-Hp matrix,” /EEE
Trans. Ind. Applicat., vol. 28, no. 3, pp. 546-55 1, May/June 1992.

51




[14] V.K Mg¢hta, Rohith Mehta, “Principles of Power System”, § Chand 2004

[15] B.L.Thgraja, A.K. Theraja, “A textbook of electrical technology”, vol II, S Chand,
2003

[16] Venturgni, M., "A new sine wave in sine wave out conversion technique which
eliminates rgactive elements,” in Proc. Powercon 7, 1980, pp. E3-1-E3-15.

[17] Watangbe, Ishii and Yamamoto, "Motor Drives Using Matrix Converter Technology"
(in Japanesq), Yaskawa Technical Review, Vol. 64, No. 247, P. 111 (2000, No. 2).

(18] J-KK4
input volta le conditions," IEEE Trans. Power Electronics, Vol. 17, No. 5, pp. 721-730
(Sept., 200

[19] Hara, |
Technical view, Vol. 69, No. 2, Serial No. 267 (2005).

[20] B. Adkins, “The General Theory of Electrical Machines”, Chapman & Hall Ltd,
1962.

[21] D. O'Ktelly and S. Simmons, “Introduction to Generalised Electrical Machine

Theory”, McGfaw-Hill, 1968

g, H.Hara, et al., "The Matrix Converter drive performance under abnormal

amamoto, Sonoda, "Matrix Converter Drive Varispeed AC", Yaskawa

[22] G. P. Smi*h {now Hunter), “Line commutated frequency changers for speed control
of electrical m*chines”, Masters thesis, University of Technology, Sydney, 1983.

[23] H. Hosad*, S. Tatara, R. Kurosawa, H. Hakata and K. Doi, “A high-performance cross-
current type C)icloconverter fed induction motor drive system”, IEEE Trans. Ind. Appl., vol.

[A-24, No. 3, ﬁp 479-486, May/June 1988. 97

[24] B. M. Btrd and J. S. Ford, “Improvements in phase-controlled circulating-current
cycloconverterjb:using communication principles”, IEE Proc., vol. 121, No. 10, pp. 1146-1149,
1974. |

[25] L Gyugyijand B. R. Pelly, “Static power frequency changers”, Wiley-Interscience, 1976.

[26] L. Gyugyll, J. Rosa and B. R. Pelly, “Novel integral firing angle control for converters”,
U.S. Patent Noy 3,585,485, 1971.

[27] E. J. Stacky and R. D. Jessee, “Method and apparatus for stabilised integral control of
static power fr¢quency changers”, U.S. Patent No. 4,307,444, 1981.

52




[28] M. Nakaro and Y. Matsuo, “Output feedback-type firing control scheme for

phasecontrolled
devices”, Elect.|[Eng. in Japan, vol. 103B, No. 4, pp. 259-266, April 1983.

[29] T. M. Hanpblin and T. H. Barton, “Cycloconverter control circuits”, IEEE Trans. Ind.
Appl., vol. JA-§ no. 4, pp. 443-453, July/Aug. 1972.

[30] J. Zhang, ‘Bingle phase input cycloconverters driving an induction motor” Ph.D. thesis,
jchnology, Sydney, 1995.

University of T

[31] L. Juby, R Bucknall and N. A. Haines, “A harmonic reduction technique for
ropulsion drives”, Electrical Machines and Drives Conference, 11- 13

, IEE Conf. Pub. No. 412, pp. 333-337.

cycloconverter

September 199

[32] G. L. jArsov, “Improvements in microcomputer-based digital control of

cycloconverters?’, IEEE Trans. Ind. Appl., vol. JA-30, no. 3, pp. 585-588, May/June 1994,
[33] G.P. Smithh(now Hunter) and V.S. Ramsden, "A new improved modulation method

for the non~cir*u1ating current cycloconverter when used to drive an induction motor.",

Universities Syrt‘lposium on Electrical Power Engineering, Sydney, 28-30 August 1985.

[34] G.P. Smiih (now Hunter), "Induction motor model for variable speed drives",

Universities Syrbposium on Electrical Power Engineering, Sydney, 28-30 August 1985,

[35] G. P. Huriter, “New improved modulation method for a cycloconverter driving an

induction motor!", IEE Proc., Pt. B, vol. 135, No. 6, pp. 324-333, November 1988,

[36] G. P. Smhth (now Hunter), "Modulation Method and Apparatus for Static Power
Frequency Char%ers" USA Patent No. 4,777.581.

[37) V.S. Ramsflen, G.P. Hunter and J. Zhang, "The effect on the supply of a 1-phase to 2-
phase cycloconyerter driving an induction motor”, Australian Universities Power Control

Engineering Co fference, AUPCEC91, Melboumne, 3-4 QOctober 1991.
[38] V.S. Ramsden, G.P. Hunter and J. Zhang, "Performance and simulation of a singlephase-

to-2-phase cyclconverter motor dnive", IEE Proceedings-B, Vol. 140, No. 6, November
1993, pp 341-3

53




[39] J. Zhang, }.P. Hunter and V.S. Ramsden, "A single phase input Cycloconverter driving
a three phase mqtor", 5th European Conference on Power Electronics, EPE'93, Brighton, UK,

14-17 Septembey 1993,
[40} G.P. Hunter} J. Zhang and V.S. Ramsden, "Design of a low cost 1 phase to 2 phase

induction motor|drive using a cycloconverter", Australian Universities Power Engineering

Conference, AUPEC'93, Wollongong, 29 September-1 October 1993.

[41] V.S. Ramszten, G.P. Hunter and J. Zhang, "Optimum design of an induction motor for a
I-phase to 3-phjse cycloconverter”, Proceedings of International Conference on Electrical

Machines, Paris,; 1994, pp 230-235.

[42] J. Zhang, G{P. Hunter and V.S. Ramsden, "Performance of a single-phase to threephase

cycloconverter cjrive", IEE Proc.-Electr. Power Appl., Vol. 142, No. 3, May 1995, pp 169-
175.

[43] V.S. Ramsden, G.P. Hunter and J. Zhang, "Impact on the power system of singlephase

input cycloconvﬁ:rter motor drives", IEE Proc.-Electr. Power Appl., Vol. 142, No. 3, May
1995, pp 176-182.

54



Appendix

55



A) CODING:

JEEAEE

#include<pic.h>:

#include<lcdg.hp
void forw(); |
void rec();

#define swl Rqo

#define sw2 RG1
#define sw3 R(2
#define sw4 RC3
#define 11 RBO:
#define 12 RB2:
#define 13 RB1
#define 14 RB3
#define N RC7

#define P RC6

Matrix Converter Coding

unsigned int T,I}1,0ne,ten,hun,thotempi d=1;

void mc_init();

void disp();
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void main()

{
me_init();
/ed init();

delay(500);

delay(5000);

delay(1000); // Start OFF Delay for device to get into transient

do
{
if(RC0==0)
!
delay(5000);
do
{
while(!P);
if{P==1)

{ delay(10);
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RBO=RB1=RB2=RB3=RD0=RD1=RD2=RD3=0;
delay(10);
RB1=RB0=1,;
delay(1000);

/Iwhile(P};

RB0=RB1=RB2=RB3=RD(0=RDI1=RD2=RD3=0;
delay(10);

}
while(IN);

{ delay(10);

RB0O=RB1=RB2=RB3=RD0=RD1=RD2=RD3=0;
RB0=RB1=RB2=RB3=RD4=RD5=RD6=RD7=0;

delay(10);
RDO=RD1=1;
delay(1000);

/iwhile(N);

RB0=RB1=RB2=RB3=RD0=RD1=RD2=RD3=0;,
RB0=RB1=RB2=RB3=RD4=RD5=RD6=RD7=0;

delay(10);

}
twhile(1);
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do
{
if(RAO==1)

{

RB1=RB2=0;
RB0=RB3=1;

DELAY(100);// 240

RBO=RB1=RB2=RB3=0;

DELAY(100); // 20

RB0O=RB3=0:
RB1=RB2=1:

DELAY/(100);

RBO=RB1=RB2=RB3=0,

DELAY(100);

}
ywhile(RA0==0);
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while(RA1==1)

{

RD6=RDS5=0;
RD4=RD7=1;

DELAY(100);

- RD7=RD6=RD5=RD4=0;

DELAY(100);

RD4=RD7=0;

RD6=RD5=1;

DELAY(100);

RD7=RD6=RD5=RD4=0;

DELAY(100);

rb0=1; /Hve

delay(5);
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rb0=0;

delay(5);

RB1=1;

delay(5);

RB1=0;

delay(5);

rb2=1;

delay(100);

JRERK I, ]

rb2=0;

delay(10);

JER AR R ok Rk ok ok ko

//-ve

RB3=l;

delay(100);

JELTTELY

RB3=0;

delay(10);
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RD7=1; {1+ve

delay(5);
RD5=1;
delay(100);
/******/
RD7=0;
delay(5);
RD35=0;
delay(100);
/******************************/
RD6=1; fi-ve
delay(5);

RD4=1;

delay(100);

JEEEREE)
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RD6=0;

delay(5);

RD4=0;

delay(100);

while(1);

‘void me_init()

{

TRISB=0x00;
TRISC=0xFF;
TRISD=0x00;
TRISE=0x00;
TRISA=0xFF;
ADCON1=0X06;
GlE=1;
PEIE=1;
PORTA=0XFF;
PORTB=0X00;

PORTD=0X00;
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PORTC=0X00;

PORTE=0x00;

}

unsigned int tTe_adc(unsigned char);

void lcd_init(‘+oid);

void ch_com.r*‘xand(unsigned char);

void lcd_data(Fnsigned char);

void pﬁnt_linékmsigned char const*,unsigned char);
void delay(un#@ed long);

unsigned int aclresult;

unsigned int take adc(unsigned char channel)

{
unsigned char adh,adl,de=10,ad_temp;

ad_temp=ADCONI;
//ADCONO=channel;  //0x85;
ADCONI =0x&0;

ADCS1=1;

ADCS0=0; ‘
I

switch(channelp

{
case (: ‘ CHS2=0;
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case 1:

case 2:

case 3:

case 4:

case 5:

CHS1=0;
CHS0=0;
break;

CHS2=0;

CHS1=0;
CHS0=1;
break;

CHS2=0;

CHS1=1;
CHS0=0;
break,

CHS2=0;

CHS1=1;
CHS0=1;
break;

CHS2=1;

CHS1=0;
CHS0=0;
break;

CHS2=1;

CHS1=0;
CHS0=1,

break;
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case 6. CHS2=1;

CHS1=1,
CHS0=0;
break;

case 7: CHS2=1;

CHS1=1;

CHS0=1;

break;

j ‘
ADGO=ADO]‘%I=1 ;

while(de--); |

while(ADGO);|

adh=ADRESH;

adl=ADRESL}

adresult=(0|ad#1);

adresult=adres+11t<<8;

adresult=adre$11t|adl;

ADCON1=ad_temp;

retum(adresultﬁ;
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B) DATA SHEETS:

Featur

* Low fop

1N4001 - 1N4007

rd voltage drop.

* High supge current capability.

Gener#l Purpose Rectifiers

DO-41

COLCR BaND DENDTES CATHODE

Abso!ut# Maximum Ratings* 1, -2s5:cnless omenvise nese

Symbol || Parameter Value Units
4001 | 4002 | 4003 | 4004 | 4005 | 4006 | 4007
Vias eak Repetitive Reverse Voltage ] 100 | 200 | 400 | 600 | 800 | 1000
leoa verage Rectrhed Forward Current, 10 &
‘ 375 " lead length @ T, = 75°C )
lram on-repetitive Peak Forward Surge
urrent 30 A
8.3 ms Single Half-Sine-Wave
ng Ptorage Temperature Range -55t0 +175 =G
T: Operating Junction Temperature -55 to +175 =G
'These ratngs arTimiting values abave wh.ch the servigeability of any semiconducles deviee may be impaired.
Thermal jCharacteristics
Symbol L Parameter Value Units
Py Power Dissipation 3.0 W
Ry hermal Resistance, Junction to Ambient &2 AV
E|e€'lricq Characteristics T, = 25°C unless otnenvise nowed
Symbeol Parameter Device Units
4001 [ 4002 | 4003 | 4004 | 4005 [ a006 [ 2007
W [orward Voltage @ 1.0 A i1 v
[ Maxinum Full Load Reverse Current, Full 30 A
[ycle T,=75C
Iy Reverse Current & rated V, T, = 25°C 50 na
T.A =1 GOC 500 _LLA
C- [otal Capacitance 15 pF
Vo=£ GV F=10MHz

€203 Fasr -2 Serv-isasi

Foor Ceperator

67

NS00 "4 I07 R

[oh |

LOOYPNL-LOOYNL



L7800

ABSOLUTHMAXIMUM RATINGS

Symbcl Parameter Value Unit
v, |DJinputvoltage {for Vo = 510 18V) Y
{forvg = 20, 24V} v
lo Ouput Current internally limited
Pw: |Pofver Dissipation Internally limited
Tep | Opprating Junction Temperature Range (for L7800) -55 to 150 °C
{for L7800C) D te 150 °C
Teg | Stdrage Temperature Range -65 to 150 e
THERMAL PATA
Symbol Parameter D°PAK | TO-220 | TO-220FF TO-3 Unit
Rinj-case | THermal Resistance Junction-case Max 3 3 5 4 SCTIW
Renj-ams | THermal Resistance Junction-ambient  Max £62.5 50 50 35 cw
T
CONNECTFN DIAGRAM AND ORDERING NUMBERS (top view)
PY T T s o QUTPUT
; [ SUTPUL
GND @ ) —T - T 1Y ] ]
< ; GND
' T INPUT
oS o mPUt
B g 525693
5~ 35631
- TO-220 & TO-220FP DPAK TO3
Typel T0O-220 D°PAK () TO-220FP TO-3 Output Voltage
L7805 L7805T av
L7805C L7805CY L7803C02T L7805CP L7805CT v
L7852C . L7852CV L7352CD2T L7852CP L7852CT a.2v
L7805 L7805T 3
L7806C L7806CYV L7806CD2T L7806CP L7806CT 6y
L7808 L7808T av
L7808C LT308CY | L7808CD2T L780BCP L780acty 8%
L7885C | L7885CV ! L7B8ACDAT L7885CP L7885CT 8.4Y
L7805C L7300V L7805CD2T L7809CP L780GCT 9y
L7812 ! L78127 12%
L78t2C L7852CV L7812C02T L7812CP L7812CT 12%
L7815 L7815T 18y
L7815C L7815CV § L7815C02T L7815CP L7815CT 18%
L7818 | LT8168T 18%
L7818C | L7318CY L7818C027 L7818CP L7518CT i3y
L7820 178207 20V
L7820C L7820CW L7820CD02T L7820CP I.7T820CT 20V
L7824 L78247 24%
¢ L7B24C L7824CV L7824C02T L7824CP L7824CT 24Y
FTRTAILAELA IN TAPS AND REEL WITF TR SUFFIX
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FGA23N120AN

General Degcription Features

Empioying NP technology, Farchild's AN series of IGBTs - High speed switzhing

provides fow duclion and switching fosses. The AN » Low saluration voitage ; Vegsay =25V @ ic =254
series offers o solution for application such as induction » High input impedance

heating {111}, for control, general purpose inverters and

uninterruptible power supplies (UPS).

Applicatio
Industtion Heat g, UPS, AC & DC motor controls and general purpose invertars.

IGBT

[
« (£ )
L TO3P E
G CE
Absolute Maximum Ratings . - 25 ukss oherwise nxea
Symbeol Description FGA25N120AN Units
Vees Collector-Emitier Voltage 1200 Y
VoEs Gate-Emitier Voltage =20 A
. Collector Current @Tc= 25°C 40 A
© Callecior Current @ Te = 100°C 25 A
oy Puised Collector Cument 75 A
Pp Maximum Power Dissipation @ Tc= 25°C 310 kil
Maximum Power Dissipation @ Te = 100°C 125 W
Ty Operating Junction Temperature -551t0 +130 °C
Tag Sorage Temperature Range BB 1o +13D ‘C
T Maxirnum Lead Temp. for soidering 300
L 'Purposes, 18" from case for 5 seconds
Motes -
i1} Regetitive rating : Puse width imitas by max. junciien Emperaxure
Thermal Qharacteristics
Symbal | Parameter Typ. Max. Units
R | hermal Kesistance, Juncbon-10-Case - U.4 CW
Ruue Thermai Resistance, Juncion-to-Amient — 40 “CAY

22004 Faratd Semicoroscol Coporaion
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ICROCHIP

PIC16F87X

28/40-Pin 8-Bit CMQS FLASH Microcontrollers

Dekvices Included in this Data Sheet:

- fICIEFET3 + PIC1BFETE
» PICioFsT4 - PICI&FET?

M‘ ocontroller Core Features:

+ High pesformance RISC CPU
R 35 single waed nstructions 1o eam
- Y sigje cycle instructions excest for pregram
¥ranches which are two cycle
« Qip=rating speed: DC - 20 MHz dlock nput
1 DG - 200 ns instructicn eycle
p io 8K x 14 wonds of FLASH Program Memory.
p io 399 x S bytes of Data Memory (RAM)
p io 256 x 8 bytas of EEPROM Dats Merrery
incxkt compatible to the PICIECTIRTAETY
hiemups capability (up i 14 sources)
Fioh lewes deep hardware stack
irect, indirect and relative sdressing modes
oger-on Reset POR)
~p Tirveer [PWRT) and
cozior Star-up Timez (OST)
Watchdog Tirmer (WOT; with s own on-chiz RC
cifaror for reliable operation
rogramrable code proiedion
+ Pomer saving SLEEP mode

. ble csillatcr options
« §ow powes, high speed CHOS FLAS-EEPRCH
chnolcgy

. h:uily siEtic design

. ]Ir!-Cifcuil Senal Pregrareming™ (I3 ¢ 3 two
JpINS

» ISingge BV In-Crrout Serial Programyrng capat iy

« Un-Circuit Debuggng wia Wi Tns

« |Processor readivie 300855 D POGTAM MEMoTY

"Wide operatng voltage range: 2.0V 16 5.5V

High Sink:Source Curens 25 ma

« iCememercial, -neustnal and Siended temperatre

iranges

Lot poiar SONSUMMpRics.

- <08 mhyrical @ W £ MHz

- 20 A ypical @ W, I2KH

- < 1 pA typical standby curmer

2201 Mcrodip Techrokgy ne.

Pin Diagram
POIP
Vg —eOy o/ an[Je— oo
R e [ 2 g ] - RBEPIG
REYANY = []3 ] BN
MEAAMIREE ey [ 4 3t [ w—s EB4
HASOIGSHIEEE o ] & ﬁjﬂ—ﬂm
RAMIAO) =T 98 []-+—e RE2
HARSNATE e [ 7 - 34 [ —e B2
REQFNANE e [ 2 T 1 [] e HENNT
perveman ity B mffe—wo
Ty —wx o s ga—us
vie— O 2 s et
vis— =W O 5[] ALEIS
BUEUCL KN e [ 32 - 28 [] = HOSPLS
OEERTLAIIT [ ¥ E FARP S PG
FSSAT ARG LR e [ 32 2 [ a—n HEIRDT
RGP 108 e [ % 21 [ a—n HEWTHAK
Flos w LR g 1 - FEAEOC
poyekse. -—a % 73 [Jom—m RCABLUSSE
Mo ——a [y 15 [ e HESARE
R e 26 1[G e A2
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Peripheral Features:

« Tirarl, 8-bit timencourder with &7 presaaler

-

Tirrert: 15-b% fimercourder with prescaler.
can bz incremrenia during SLEEP via extemal
CysiEiniosk

. Timer2: 8-bit imercounter with 22 period

regisyr, presealer ane postscaler

+ Twg Capture, Corrpare, PWM rredules

- Captsrs is 15-biz, max. resglution 5 "25 ns
- Cemgare ¢ 18-bit. max. reseluticn s 200 =3
- PR rrax. resossion is 10-bd

« 10-bi mutti-channel Analog-c-Digis converer

Synerroneus Sxrial Pert 228 with A ¢Master
rrede) 3nd FC™ [MaztenSlave]

+ Universal Sychroncus Asynehronous Jeceiver

Transmriter (USARTISC jweh G-bit add-ess
detaction

Faralle Slave Zort iPEF) &-bis wide, with
evema RL, WA and TS conies (40:4¢-pin coly!
Brosn-cl detecion sroury for

Brewan-out Ress: (BOR,

SRINERCpER -



PHOTOTRANSISTOR OPTOCOUPLERS

MCT2E MCT210 MCT271
MCT2201 MCT2202

DESCRIPTION

The $4fi=6 optolsolators wonsis! of a galium arsenids infeansd emiting diodie driving 2 silicon phototransistorin & 6-pin
dugl ninsdpackage.

+ VDE mapgnized (Fils » S4765)
= Add ogtion W for white package (9.9, MCTEN-M)
=~ Ao oggion 300 or black package {=.0, MCT2.300)

SCHEMATIC

Mk {::

EEE o [

£ 2003 Farciib Ssmicondsior Coporation Page 1 of 14 1040/03
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ONDLICT R

Datz Sheat

,0.850 Ohm, N-Channel Power

n el enhancemeant meds ailicon gats power fiedd
ris anadvanced power MOSFET degigned,
gueranteed to withstand & specified level of

e breakdown awslanche mods of cperation, Al of
rMOSFETs are designad for applications such
regulators, switshing converters, mator drivers,
, and drivers for high powsr biplar switching
uiring high-apasad and fow gete drive powsr,
&an be operdted directly fromn integrated

IRF840

Jamuary 2002

Features

+ 8a, E0OW

* fpgony =0.8505

+ Single Pulse Awalanzhe Ensrgy Rated
* SOA is Power Diadpalicn Limited

» Nanosacond Switching Speeds

* Linear Transfer Characteristics

*+ High Input Impedance

* Related Litemture
- TB334 *Cuidelines for Soldering Surfece Moumt

Gomponents to PC Boands”
Ordering Information Symboi
PART HUMBER PACKAGE BRAND >
FFSs | TOLmMe  |mresn Y
NCTE: vord-arlng. nclirde kha entre part mirmber, [ - ’)
B
L
Packag}z-g
JEDEC TD-22048
TOP VIEW
BOURCE
 DRAIM
GATE
ORAIN
[FLANGE)

{077 Fabchid SN eondwicy Saaporakn
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nternaftiong i Data Sheet No. PDED147 Rev.T

LR Rectifier IR2110(3)/IR2113(S) & (PbF)
HIGH AND LOW SIDE DRIVER
eatures Product Summary
Fhoating channe: designed for bost j .
Fulfm o +500% or +000‘§m opermion Vorrser (IR2110) 500V max.
- Toleran: to negative transiant witage {IRZ113) 600V max,
GVidt mmune
Gate drive supphy reng2 from 10 40 20% lo#- 280 2A
Undzrvottage lockeut for both channels
3.3Y legic coempatible Yout 10 - 20V
Separate logic supp! from 33V to N _
Rriilnabondink ol tovor(y9) 120894 ns
SIS schmireageredinpuis wilh pulkdom | Degay Matching {IR2110) 10 ns max
2 tie ecige-frigperad sharitown 5 ) . y
et o e o 00 (R2113) 20ns max.
b Outputs in phass with ripu's Packages
“ Bign avzilabla LEADFREE

escription . ‘
g [R211MR2113 e high witage, high speed power MOSFET and

KGB7 drivers with independent high and low sioe referenced cuiput . i
chamels. Progrietary HYIC and fatch immime CMOS technoiogies | lesFrie  “ELESCC
k2 ruggedized ‘mondithic consiruction. Logic inpus we compa- | e DRI eI
e with standard CMOS or LSTTL outgut. dosn o 3.3 loge. The
perpst drivers feaur: a high pulse sumentbuffer stage designed for rinknum driver sross-conduction. Propags-
deiays e mziched fo simplify use intigh fequency appications. The foating charrel can be ussd 1o erive
hin N-channet pover MOSFET or GBT i the high sice configuraiion which operates up i 507 or 500 vo s

E] g 3
Typical Connection UF 1o E0Y or €02V
[
‘/d-’_'-,
1B L
— FO —l_—, (i ::LT' T

Yop = Yoo Yo ¥ A ¢
Fik T Hik v, ¢ 1o
50 D — 3 | L3AD
LY o— Ly vV
Yy, — Ver  COM 8"
e Lo AR

(SEfer 10 LENC Agsigwmams Sor pofract fn Coiguananan Th Tomse dhegeamis, whow BT 3
jorresioes ofly P ease nefy b I Ao lzalion Wotes ardiTes gn T Tr oroner cPoul hases (ot

i*ww.irf.o:\m
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