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ABSTRACT

The objective of the project is 1o design and develop a lossless three phase
#ero voltage switching inverter. For this, a sinusoidal AC output with the control of both
magnitude and frequency is requined. They are many technigues available for the design
of inverters, Currently, a PWM technique 15 used. The PWM techmigue has many
drawbacks like harmonics and high switching losses thereby decreasing the overall
efficiency of the inverter,

To realize an improved high performance inverter. o new lopology has
been proposed where a resonant circuit is introduced 10 avoid the switching losses in the
inverter. The advantages of the resonamt DC link inverter ane, pure sine wave oulpul,
elimination of switching losses and snubbers, low harmonics on AC line side and it has
application in adjustable speed AC drives. The resonant link circuit provides zero voltage
intervals to eliminate switching loss, and thus permitting the inverter switching at high

frequency.

Zero voltage switching of devices provides a number of advantages over
the full voltage switching in a regular PWM inverter. The advantages of ZVS resonant
DC link inverter are minimal cooling reguirements. high efficiency. high reliability. low
EMI. The inverter switches are tumed ON and OFF at zero voltage ic., the zero voltage
switching concepts is being applied. The addition of one small inductor and one small
capaciton 10 a conventional veliage source inverter has many significant advantages and

there by results in a sub ial increase in cffi v and the switching frequency of the

inventer. Moreover the switching losses are also minimized
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INTRODUCTION
1.1 EXISTING SYSTEMS
Ad in the semicond hnology have led 10 the use of switched

mode power supplies in the last two decades. Because of their higher efficiency. small
size and weight, relatively low cost and step-up/step-down ability. they are fast replacing
the linear mode supplies. PWM converters are widely used for obtaining controllable DC
voltage from a fixed DC

Nowadays., the power converier topology of choice for AC oupmt
applications is the “hard switching’ voltage source inverter. The switching devices in
converters with a PWM control can be gated to synthesize the desired shape of the output
voltage and/or current. The devices are tumed “on™ and “off” a1 the load currem with a
Tigh di/els value,

The switches are subjected to a high voltage siress. and the switching
power loss of a device increases linearly with the switching frequency. The trm-on and
tum-ofl’ loss could be a significant portion of the total power loss. The electramagnetic
interference is also produced due 1o high oi/dr and dwidt in the conventer waveforms, The

power density is also an imp factor to be idered while sel an inverter.

1.2 OBJECTIVE

The objective of the system is 10 design and develop a theee phase zero
voltage swilching inverter. The output of the inverter should be a sinusoidal wave without
any switching losses and harmonics. The purpose is to tum on and off the device at zero
voltage, which results in the elimination of switching losses. The harmonics is minimized
by operating the system at high frequency and the stress on the power elecironic dev ices
are also reduced, thereby resulting in higher cfficiency. small size. weight, the
electromagnetic interference is reduced and the Hile span of the power devices is also

mcreascd

LIST OF NOMENCLATURE

SYMBOL EXPANSION
Cu - Drain o source capacitince
Ca = Gate to drain capacitance
Cs - Gatle to source capacitance
Cis - Input capacitance
Es - Avalanche energy
fi - Switching frequency
Ei e Forward transconductance
Lman > Maximum drain current
L, - Initial current
iy - Inductor current
Py - Power dissipation
Rauon - Resistance between source and drain
Tom) 2 Tum on delay time
Xe - Capacitive reactance
Xi - Inductive reactance

ViV M- Single phase output voliage

Ve - Three phase outpul voltage
Vi % Gate o source threshold voltage
V. - Capacitor voltage
Va - Drain 10 source voltage
Vie = Drrain o source breakdown voliage
Vo - Giate to drain voltage
¥ = Giane o source voliage
Vi = Suree voltage
"
1.3 PROPOSED SYSTEM

The power density can be improved by increasing the switching

frequency. A key factor in reducing the size of reactive components used for filtering and

energy storage, improving transient per and meeting stringent  harmonic
is the swilchi q of the inverter. Although switching rapidly

oceurs, switching losses occur during device wm-on and wm-off due to the transien
existence of both voltage across, and current in the device. These siresses reguine
significant device dreading for switching frequencies in excess of 56 kHr thus
increasing system cosl. So at higher frequencies, conventional PWM switched modc
converters unsuitable hecause of high switching losses. high switching stresses, reduced
reliability, Electromagnetic Interference (EMI) and acoustic noise. The presence of

leakage inductance and junction capacitance in the semiconductor devices couses the

power devices 1o inductively turn- off and capaciti 1y turn-on. When a semiconductor
devices switches off an inductive load, voltage spikes induced by sharp disd across
leakage inductance produce increased voltage siress and noise. Most switching conveniers
owing to the rapid switching of voltage and current produce EMI. The proposed system

out come this effect by operating the device at zero voltage.

1.4 SWITCHING TECHNIQUES
To improve switching conditions for semiconductor devices in power
processing circuits, two resonant techniques were proposed. They are
«  Zero current switching and

«  Zero voltage switching.

The first is the zero current switchi hnique. By incorp an LC
circuit, the current waveform of the switching device is forced 10 oscillate in a gquasi-
sinusoidal manner, creating zero current switching conditions during hoth wm-on and
tum-ofl. By simply replacing the power switches in PWM converters with the resonam
switch, family of zero current switehed (ZCS) resonant die link inventers are derived. This

new of cireuits can be viewed as a hybrid of PWM and resonant converiers

However an LC tank circuit is alwiys present near the power switeh and i< wsed ot only

. bt akse te store and

1o shape the current and voltage waveforms of the power sw

)



transfer energy from the input 1o the out put in a manner similar to conventional resonant
nveners
The sccond resonant technique is zero voltage technigue, By using an LC
resonant network, the voliage waveform of the switching device can be shaped mlo o
quasi-sine wave, such that zero voltage condition 15 ereated for the switch 1o tum-on and
um-off withoul incurring switching loss. This technique eliminates the turn on foss
associated with the parasitic output capacitance of the power switch,
The recent advances in modem power semiconductor device technologies

have led to high utilization of power converters in a large number of applications. The

most visible gain in industrial and al products is ing in the area of power
inverters, which convert a DC voltage into a single or polyphase ac voltage at a desired

plitude and freq Technol d in these areas have arisen primarily from
improvements in semiconductor power devices

High frequency power can be found widespread applications in such as
high speed motor drives, induction heating, HDL lighting, quick response DC power
supplies as shown in FIG |.1. By operating the power system a1 high frequency, the
system can be made compact because of the large reduction in size and weight of the

transformers, reactors, capacitors and circuit breakers, Use of high frequency also speeds

the system response and offers high quality power, M newly developed I

such as phous metal and low dielectric loss ials can be used much effectively
than in the conventional  50/60 Hz power system,
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CHAPTER 2

PROJECT DESCRIPTION AND METHODOLIGES

To avoid the switching lossin  the inverier a new topology has
been proposed, where o resonant circuit is introduced in-betwesn the DC input voltage
and the inverter. It has been realized with the addition of only ene small inductor and
capacitor o a conventional voltage source inverter circuit. The resonance converler is
capabie of switching at the high frequency. It is extremely important 10 realize that if the
switching environment could be modified to ensure zero switching losses. Zero switching
losses could be obtained by holding the DC bus voltage at zero volts for the duration of
the switching transient. An elegant method of anaining the desired objective is 1o make
the DC hus oscillatory, ensuring that the voltage remains at zero for sufficient time 1o
allow lossless switching, 1o take place.

2.1 RESONANT DC LINK ZVS INVERTER

The basic version of the resonant DC link ZVS inverter is shown in FIG 2.1 . It
consists of six MOSFETS connccted in the sequence. The MOSFET used is the IRF840.
It is used along with a protection diode BY399. A yate source vohage of 6V is usually
sufficient to tum a standard MOSFET fully on. However further increases in gate 1o
source voltage are usually employed 1o reduce the MOSFETSs on-resistance Therefore for
switching times of about |.66ms, applying a 10V gate drive voliage 1o a MOSFET with a
2nF gate source capacitance would require the drive circuit to sink and source peak
currents of about 0,54

The inverter configuration is achicved using a three phase MOSFET Bridge.
The MOSFETs used are N-channel power MOSFETs. Here 120 degree phase conduction
method is employed. Each MOSFET conduct for 120 degrees. the conduction sequence
of MOSFETs is (6,100 1.2)42. 3043 404.5)(5.60.06.1)

1.5 ORGANIZATION OF THE REPORT

Chapter: 1

Chapter | gives an brief introduction 1o the existing systems, objectives of the
project and a proposal for developing a new system.

Chapter: 2
In chapter 2, the design and development of the proposed system is

explained. The details of the system block diagram, its description, the characteristics of
the devices used and the simulated output fi are also described.

Chapter: 3

The chapter 3 explains the development of a prototype

Chapter: 4

The simulati hodology and si ion results are analyzed in chapter 4.
Chapter: 5

The chapter 3 provides the conclusion of the project and some suggestion for
future work are listed

There are three modes of operation in one half cycle, During (060"}, the
MOSEETs 6.1 conduet. During (6071207, the MOSFETs 1.2 conduct. During (120"
1807, the MOSFETs 2.3 conduct. Like this the MOSFETs gets turned on as said in the
above sequence in the remaining half cyche. The basic version of the resonant DC link

ZVS inverter is shown in FIG 2.1.

L L 4
|
o—
Vo ETwe 0 b v e e
FIG2.1 RESONANNT ZVS DC LINK INVERTER
2.2 SIMULATION

2.2.1 NEED FOR SIMULATION

New designs of power electronics systems are the norm due 1o new applications
and the lack of standardization in specifications is because of varying customer demands.
Accurale simulation is necessary o minimize costly repetitions of designs and bread
boarding and hence. reduce the overall cost and the concept-to-production time

There are many benefits of simulanon in the design provess. some of which

are listed here



-

Simulation is well suited for educational purposes. It is an efficient way fin

designer 1o leamn- how a circunt and its control work.

-

Simulation may give a ¢
system performance that gives a competitive edge to a company using the
simulation.

< It is normally much cheaper to do a thorough analysis than to build the actual

circuil in which componem stresses are measured. A simulation can discover

possible problems and d ine optimal p i ing the possibility off
aetting the prototype “right the first time”. Simulation can be used o optimize the
[ bjective by letting the si ion search over a large number of
variables.

< Mew circuit concepts and iati includi | on

components) are casily tested. Changes in the circuil topology are
implemented at no cost. There is no need for compenents to be  available on
shon notice.
# In the initial phase of a study. parasitic effects such as stray capacitances and
™ and must be idered

until the ! | principles of a concepl are

leakage inductances are best omitted. They are i

but they often cause

understood. In a physical circuit, it is not possible to remove the stray capacitance
and leakage inductances in order 1o get down to the fundamental behavior of the
sYsiem,

% Simulated waveforms m different places in the circuil are easily monitored with
out the hindrance of measurement noise (and other noise sources). As switching
frequencies increases, the problem of laboratory measurements  bevomes
increasingly difficult. Hence simulanion is essential.

% Destructive tests that cannot be done in the laboratory, either because of safety or
because of the costs involved, can easily be simulated. Responses o faults and

L al conditions can also be th ghly analyzed.
% Specifications of components voltage and current mtings are difficult before the
working principles of the circuit and the current and voltage wavetorms are fully

determined. In a simulation, component mtings are mol peeded

Robust switching operations: Switching actions due to solid state switches (diodes.

thyristors and i )} must be ly handled. Depending on how the switches

are modeled, their on-off itions cither an extreme nonlinearity or lead 10 2

time-varying structure of the network.

Execution time: The simulation may need to cover a sufficiently farge fime span to
observe the effect of slowly changing variables with large time constanis. At the same
time. the simulation ofien needs to proceed with a small time step in order to accurately

P rapidly
roqmnd to represent switching times with good resolution in the presence of high

with small time constants, A small time step is also

In such simulation, this leads 1o a large number of time steps. To

keep the ion time within ble limits, an efficient equation solver with

variables time steps is normally required

Initial conditi Unlike small-signal ics. where the sicady-state operating

conditions are established by a DC bias analysis, there is no easy way 1o establish the

steady-state operating conditions in a power ics system. Often, an initial estimate

of various state variables is provided by the user. and the time required 1 bring the
system to its steady state may be substantial, depending on the aceuracy of the intial

Therefore, si progs tor power el ics must allow user 1o sel

initial conditions,

and an impressive d ol

& It is possible to simplify parts of circuits in order to focus on a specific portion of
the cireuit. This may not be possible in a laboratory setup.
4 There may be a need 1o predict the interaction between several converters

d to the same network. This will be almost impossible and

certainly very expensive to do without simulation.

2.2.2 REQUIREMENTS FOR A SIMULATION

and motion control systems posses many

of power
challenges to the simulation program and its user. These are discussed in the following
subsections,

User friendly interface: A simulation program must have an easy to use interface for

data entry and for output data processing.

Multilevel modeling capability: In simulating the motor drive example of the power

1 are described in the | ion of circuit element models, On
the other hand, the electrical machine and the load are best described by differential
equations formulated in terms of state vaniables. Finally, the continuous and sampled datis
control systems are often represented in their functional form by transfer functions and/or
logic statements that describe the behavior properties between their inputs and outputs. A
good simulation program should allow these various locks 1o bhe easily implemented.

Accurate models: For a detailed analysis, a simulation program needs accurate models

of all circuit el includ i and jssion lines for whility related

applications. Even if accurate models are available, if it is difficult to knew their

parameter values, Parasitic inductances and capacitances are often difficult 1 estimate.

2.2.3 SIMULATION SOFTWARES

The peneral software packages used to simulate the power electronics circuits are
PSPICE

ORCAD

Labview

MATLAB

Multisim

LI

The software tool we have used to simulate the power circuit is
MATLAB/SIMULINK 7.0

2.2.4 MATLAB/SIMULINK

If we choose an equation solver, we must ourselves write the differential and
algebraic equations to describe various circuil states, the logical expressions, amd the
controller that determines the circuit state. Then, these differentialialgebraic equations are
simuliancously solved as a function of time.

In the most basic form, we can solve these equations by programming in any
one of the higher level languages such as FORTRAN. C or PASCAL. It is also possible
to access libraries in any of these languages which consist of subroutines for specific

applications such as to carry out i

) oF matrix i i L il is far more
convenient 1o use a package such as MATLAB or a host of other packages where many
of these convenient features are built in it Each of these packages uses ifs own syniax

and also excels in cenain applications.

The program MATLAB can easily perform wvay and matrix manipulations,
where for example y=a*b results in y. which equals cell hy cell muliiplicaion of wo

armays o cand b Similarly. to invert o matrix, all one peeds 0 specify is y=inX)

Powerful plowing routines are buill in. MATLAB slse features various libranies. called



1oolboxes, which can be used to solve particular class of problems. For example. the
peural network toolbox cnables the simulation of an unlimited number of layers and
interconnections. Newrons can be modeled with sigmoid, linear, limit, or competifive
transfer functions. The toolbox contains functions for implementing a number of

networks. including back propagation, Hopfield and Widrow-hofl networks.

Simulink is another toolbax for graphical entry and simulation of nonlinear
dynamic systems. |l consists of a large number of building blocks tha cnables the
simulation of control based systems, Some of the other features include seven integration
routines and determination of equilibrium points.

MATLAB is widely used in industry. Also, such programs are used in the
teaching of undergraduate courses in control systems and signal processing. Therefore,
the students arc usually familiar with MATLAB prior 1o taking power electronics
courses. Even if this is not the case, it is possible to leam its use quickly, especially by

means of examples.

There are twe ways in which a three phase circuit can be obtained. The
first method is by paralleling three single phase circuits to obtain a three phase circuit
with 1207 phase shift with each phase. The second method is by directly obuaining a
three phase circuit. Both of them has been implemented using simulation. Both the

circuit and their ing output’s are shown as follow’s

CHAPTER 3

The Prototype model of the system has been developed . the block diagram
for the prototype is given in figure 3.1

3.1 BLOCK DIAGRAM

ECRD
=

{crrsTaL
csciiaton [~ 16F72

400V, S0tz
Three Phase
AC Supply

FIG 3.1 BLOCK DIAGRAM
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FIG 2.2 DIRECT THREE PHASE SIMULATION CIRCUIT.

3.1.1 DESCRIPTION

The basic block diagram is shown in 2.8, The input supply to the module
is 400w, 50Hz AC supply. This AC supply is rectified by a full wave rectifier DC output
is given to the designed resonance compenents inductor (L) and power capacitor(C}. This
LC tank circuit is nothing but a parallel resonating circuit whose purpose is not only 1o
shape the current and voltage waveforms of the power switch, but also to store and
wansfer energy from the input 1o the output under resonance condition. The MOSFET
bridge inverter section is fed from the parallel resonance 1ank circuit, The MOSFETs
used are standard IRF840 series compenents which are esed in the bridge section. The
output of the inverter is taken across the mid of the bridge section,

In the MOSFET gate driver circuit, the variable frequency is achieved by

means of crysial oscill The mi: lter 16F72 is d in such a way as to
give suitable delay time 1o the MOSFET switching in order 1o avoid any “cross
conduction”™

Safer and complete isolation 1o the MOSFET Driver circuit from the
power inverter module is the most important critenia o be met in a high frequency
switching operation. The isolation circuit consists of standard MCT2E optocouplers. The:
output of the optocoupler is fed as the gate input to the MOSFETs in the bridge circui.
The output of the optocoupler will be from 10-12V, which is sufficient for the MOSFET
0 et triggered. The three phase output is obtained from the bridge of the mverter

section.

3



3.2 COMPONENT CHARECTERISTICS
3.2.1 POWER MOSFETs

The power MOSFET symbol is as shown in the FIG 3.2

Drain

Gate.J%

Source

FIG 3.2 MOSFET SYMBOL
The power MOSFET is a voltage controlled device and requires only a
small input current. In this device, the control signal is applied to a metal gate electrode

that is sep d from the 1conds surface by an inverting insulator. typically
silicon dioxide. The control signal required is essentially a bins voltage with no
significant steady state current flow in either the on-state or the off-state. Even during the
switching of the devices between these states, the gate current is small at rypical
operating frequencies because it only serves to charge and discharge the input gate
capacitance, the high input impedance is the primary feature of the power MOSFET that
greatly simplifics the gate drive circuitry and reduces the cost of the power electronic
devices.

The power MOSFET is a unipolar device. Current conduction occurs
through transport of majority carriers in the drift region without the presence of minarity

carrier injection required for bipolar transistor operation. In this device, during wm-off,

no delays are observed as a result of storage or recombination of minority carmiers. Ther

inherent switching speed is orders of magnitude faster than that for hipolar ransistors

This fenture is particularly attractive i circuits operating at high frequencivs where the

switching losses are dominant. The power MOSFETs having operating (requencivs e

time constant is increased and the gradient of V., is reduced. As Vg, becomes less than
Ve the value of Cy increases sharply since it is depletion dependent. A plateau thus

occurs in the Vi, characteristics as the drive current goes into the charging of Cw

‘When Vg, has collapsed V., continues (o rise as overdrive is applicd. Gate
overdrive is necessary to reduce the on-resistance of the MOSFET and thereby keep
power loss 1o a minimum. To tum the MOSFET off the overdrive has 1o be removed. The
charging path for Cps and Cy. now contains the load resistor and $o0 the turm ofl time will

be generally longer than the tum-on time

3.2.3 MOSFET TURN ON CHARACTERISTICS

The tum-on waveforms are shown in FIG 2.11. where the gate drive
voltage changes in a step function manner at t=0 from zero 10 Vg which is well above
gy during the turm-on delay time Ly the gate-source voltage vy Fises 10 Vo because
of the currents flowing through ¢, and ¢y .85 is shown FIG 2.10. the rate of ris¢ of vgs in
this region is almost liner although it is a part of an exponential curve shown in thin line
in FIG 3.4.

well above 100 kHz, The power MOSFETs switching time is in order of 50-100
nanoseconds and can generate many kilowatis of power at frequencies up o 500 kHz.

3.2.2 SWITCHING CHARECTERISTICS

The switching characteristics of a power MOSFET are determined largely
by various capacitances inherent in its structure. To tum the device on and off the
capacitances have to be charged and discharged. the rate at which this can be achicved is
dependent on the impedance and the current sinking/sourcing capability of the drive
circuit. Since it is the only majority carriers that are involved in the conduction process,
MOSFETs do not suffer from the same storage time problems which limit bipolar devices
where minority carriers have to be removed during um-off. For most of the applications
therefore the switching times of the power MOSFETS are limited only by the drive circuit
and can be very fast, Temperature has only a small effect on device capacitance therefore

itching times are independent of The internal cay are shown in
FIG 3.3
D
Cgd
L I Cds
Cgs
5

FIG 3.3 INTERNAL CAPACITANCE OF DEPLETION MOSFET

The gate source capacitance needs 10 be charged up 1o a threshold
voltage up to a threshold voltage of about 3V before the MOSFET begins wm-on, The
time constant for this is Cp. (Ry+Ry) and the time taken is called the turm-on delay time

[l As V. starts 1o exceed the thieshold voliage the MOSFET begins o tum on and

Vi begins 1 fall. € now needs 10 be discharged as well as C. being charged s the

FIG 3.4 TURN ON CHARACTERISTICS OF MOSFET

The decrease in vg, occurs in two distinct time intervals i, and iz The
first time interval corresponds 10 the traverse through the active region where o=
The second time interval corresponds to the completion of the transient in the chmic
region where the equivalent circuit shown in FIG 3.3 applies and co=cpn.

Onee the drain-source voltage becomes its drop 1o the on state value of

idauny. he gate source voltage becomes d and s ial growih

1o %y This pant of the growth occcurs with a time constant t=Ryfegtepal, aml
simultancously the gate current decays towards #ero with the same time constant as is

shinwn in the waveforms of FIG 3.4

(L}
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32.4. MOSFET TURN OFF CHARACTERISTICS
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FIG 3.5 TURN OFF CHARACTERISTICS OF MOSFET

The tumn-olT of the MOSFET involves the inverse sequence of events that
oecurred during tum on. The tum-off waveforms and associated time interval arc shown
in FIG 3.5. for an assumed step change in the gate drive voltage at t=0 from v, t, zero.
The actual values of the switching times will vary depending on whether the gate drive
valtage is set to zero or made negative to speed up the transient. Moreover, the value of

R, used during tum off may be different from that wsed dunng lum on.

During tumn on and tum off, the instantancous power loss occurs primarily
during the crossover time 1t indicated in FIG 3.5, Where p (1)7va iy 15 high. Since the
MOSFET capacitance do not vary with the junction temperature, the switching power
Joss in the MOSFET are also independent of the jusction temperature, However, the on
state Tesistance does vary with temperature, and thus the conduction loss will vary with

Junciion lemperature.
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Drain-to-Source Breakdown Voltage, Vi,
This is the maximum voltage that can be placed from drain to source when
the MOSFET is tumed ofl.

Gate Threshold Voltage, Vs,
This is the minimum voltage required between the gate and source terminals
1o turn the MOSFET on. 1t will need more than this to wrm it fully on.

Forward transconductance, gg

As the gate-source voltage is increased, when the MOSFET is just starting to
turmn on, it has faidy linear relationship between Vgs and drain current. This parameter is
simply (1d / Vigs} in this linear section,

Input capacitance, C,,
This is the lumped capacitance between the gate terminal and the source and
drain terminal. The capacitance to the drain is the most imporant.

3.2.6. ADVANTAGES
MOSFETs provide much better system reliability.
- Driver circuitry is simple and cheaper.
- MOSFETs fast switching speeds permit much higher  switching
frequencics and there by the efficiency is increased
- Overload and  peak current handling capacity is high.
- MOSFETs hove better temperature  stability.

- MOSFETs leakage current is low

- Dai e fucti hreshold voltage is absent which clhminites
clect noise,

- MOSFETs are able to operste in hazardous radiation environments

3.2.5. MOSFET PARAMETERS
On resistance, R

This is the resistance between the source and drain tenminals when the
MOSFET is tumed fully on.

Maximum drain current, L.,
This is the maximum current that the MOSFET can stand pasing from drain
10 source. It is largely determined by the package and Ragom

Power dissipation, Py

This is the maximum power handling capability of the MOSFET, which
depends largely on the type of package it is in.
Linear derating factor.

This is how much the maxi power dissipati above must be

reduced by per °C. as the temperature rises above 25°C

Avalanche energy E

This is how much cnergy the MOSFET can withstand under avalanche
conditions. Avalanche occurs when the maximum drain-to-source voltage is exceeded.
and current rushes through the MOSFET. This does not cause permanent damage as long

as the energy (power X time) in the avalanche does not exceed the maximum.

Peak diode recovery, dv/de.
This is how fast the intrinsic diode can go from the off state (reverse biased)
10 the on state (conducting). It depends on how much voltoge was across it before s

tumed on. Hence the time taken. 1 = (reverse voltage / peak diode recovery)

3.2.7. OPTO COUPLERS
An optocoupler is a combination of a light source and a photosensitive
detector. In the optocoupler, or photon coupled pair. the coupling is achicved by light
being generated on one side of a tansparent insulating gap and being detected on the
other side of the gap without an electrical connection between the two sides fexcept for o

minor amount of coupli i In the ler, the light is ge d by un

infrared light emitting diode. and the photo-detecior is a silicon diode which dnves an

plifier, e.g.. The itivity of the silicon material peaks a1 the wavelength

emitted by the LED, giving maximum signal coupling

3.3 OPTOCOUPLER MCT2E

These high speed optocouplers are designed for use in analog or digital inerface
applications that require high-veltage isolation between the input and oufpul.
Applications include line receivers that require high common mode transient immunity
and analog or logic circuits that require input-to-output electrical isolation. The MCT2E
cach consists of light emitting diode and an integrated photon detector compesed of a
photodiode and an open-collector output istor, Separate ions are provided for
the photodiode bias and the transistor collector output. This feaure reduces the transistor

base to collector capacitance. result in speed up 1o one hundred times that of a
ional p i P pler. The MCT2E is designed for wide-band analog
applications. The optocoupler schematic diagram is as shown in the FIG 3.6

FIG 3.6 SCHEMATIC DIAGRAM OF MCT2E



The optocoupler PIN Details is also shown in the FIG 3.7

WCTIOAMLTIE  PACKAGE
TOF wIEw,

FIG 3.7. PIN DETAILS OF MCT2E

34 DRIVER MODULE

34.1. REQUIREMENTS

The switching of a MOSFET involves the charging and discharging of the
capacitance between the gate and source terminals. This capacitance is related 1o the size
of the MOSFET chip used typically about 1-2 nF. A gate source voltage of 6V is usually
sufficient 1o tum a standard MOSFET fully on. However funther increases in gate to
source voltage are usually employed to reduce the MOSFETs on-resistance. Therefore for
swilching times of about 1.66ms, applying a 10V gate drive voltage to a MOSFET with a
20F gate source capacitance would require the drive circuit 1o sink and source peak
currents of about 0.5A. However it is only necessary to carry this current during the
switching intervals, The gate drive power requirements are given in equation

PiQc Vs f
Where Q; is the peak gate charge, Vi . the peak gate source voltage and
[ is the switching frequency. In circuits which use a bridge configuration, the gate
terminals of the MOSFETs in the circuit need to float relanve to each other. The gate
drive circuitry then needs 1o incorporate some isolation. The impedance of the gate drive
circuit should not be so farge that there is a possibility of dv/dt e on, The dv/dt tum on

can be caused by rapid changes of drain 1o source voliay

. The charging current for the

sate drain capacitance Cyn Mows through the gate deive cirenit. This charging current can

3.5.1. PULSE GENERATING CIRCUIT

“The micro controller is a programmable logic device, designed with
Tesistors, !llp-flups and timing clements. The microcontroller has a set of instructions
designed iy to ipulate data and i with the peripherals. This

process of data ipulation and is desianed by the logic design of the
microcontroller. The prime use of microcontroller is to control the operation of a fixed

program that is stored in ROM and that does not change the time of the system.

The pulse generation program is developed in a PIC 16F72 microcontroller 1C. The
control program is stored in EPROM. The heart of the 16F72 is to generate the clock
pulses, I:y which all intemnal operations are synchronized. Typically a crystal oscillmor

d. The crystal freg: is the internal clock frequency of the

and are

ller. The crystal oscillator used here is having frequency of 4MHz.

The port C is initialize as the output porl The outpuls are taken from
Reo.Rel Re2 Re3 Red ReS. The signals from these ports are used as gate pulses which
ire necessary to drive the MOSFETs.

The microcontroller is isolated from the power devices by using MCTIE
optoisolators. The purpose of using optoisolators is 10 provide excellent isolation between

the low control voliage and high voltage bridge circuit

The inverter configuration is achicved by using a three phase MOSFET bridge. The
MOSFETs used are standard N-channel power MOSFETs. The MOSFETs are provided
with separate floating grounds from separate sources to avoid “cross conduction”. BY 3099
diodes are used as protection diodes across the MOSFETs.

2

cause a voltage drop across the gate drive impedance large enough 1o tm the MOSFET
on. The driver circuit is shown in the FIG 3.8,

3.4.2 DRIVER CIRCUIT

124 FROM

FIG 3.8 BLOCK DIAGRAM OF DRIVER CIRCUIT

3.5 CRYSTAL OSCILLATOR

The 4MHz crystal oscillator produces a square wave output of frequency
600Hz which is used as the switching frequency . Thus the swiching frequency 15
variable and can be adjusted to produce desired switching frequency. The escillator input
is wiven between 9 and 10™ pin of the micro Mer. The i are

done in respective pins.

[
b

3.5.2. ADVANTAGES

The advantages of RESONANT inverter are,

= Minimum number of power devices

= Elimination of switching losses

= Elimination of switching stresses

*  Elimination of snubbers

*  High switching frequency

= Low harmonics on AC line side

= Minimal cooling requircments

= High reliability

*  Low Electromagnetic interference (EMI)

3.6 MODULE CLASSIFICATION

High frequency resonant inverter consists of the following basic segments
% AC-DC Converter
% Resonant tank section

< Inverter section



3.7AC-DC CONVERTER

The 230V, 50Hz Ac signal is rectified by the full wave bridge
rectifier which consists of four INDOT diodes i in bridge i ion. The

voltage regulators 7812 is used which provides regulated voltage level. The output
filtering capacitors of 1000pF/25V and 0.1pF are used suitably to smooth the recnified
output of the rectifier,

3.8 RESONANT TANK CIRCUIT

The inductance and capacitance forms the resonant tank circuit
The resonant tank circuit is used to achicve the soft switching. The rectified power signal
is made to oscillate by using the resonant tank circuit. The switching of the MOSFETs is

done in the zero crossing of the output of the resonant tank circuit.

Resonant Tank Circuit Design

The LC tank circuit shown in FIG 3.9 below is of parallel
resonant tank configuration,

FIG 3.9 PARALLEL RESONANT TANK CIRCUIT AND WAVEFORM

calculate the individual impedances of the I1pF capacitor and the 70mH inductor and

wark through the parallel imped formula to d this mathematically:
X =20
XKy = (2)IIHE00 Hz) TomH)
Xy = 265250
X = L2
Xe = VE2RIN600 Hz) 1pF)
Xy = 2652500
Thus
XL~ Xe
Hence the resonance condition is achieved.

Another method is the resonant DC link inverter. In resonant de-Tink
inverter,a resomant circuit is connected between the de input voltage and the PWM
inverter. so that the input voltage to the inverter oscillates herween zero and a value
slightly greater than twice the de input voltage
The resonant link inverter shown in FIG 3.10 where iy is the current drawn by the

inverter Assuming a lossless circuit and R=0, the link voltage is

VeV 1-cos @ ot}

and the inductor current is.

iy =V, NC/Lsin et + Iy

under lossless Jition the oscillati i and there is no need 1o um on switch

. However in practice there is power loss in Ruy is damped sinusoidal, and O is turned
on 10 bring the current to the initial level, The value of R is small and the cireuit s
i 1. Under this dition. 1y and v, can be shown,

=iy + e "'[VJoL sin o + Ggeineos o]
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A dition of will be experienced in a tank circuit

when the reactances of the capacitor and inductor are equal to each other. Becouse
inductive reactance increases with increasing frequency and capacitive reactance

with i i there will only be one frequency where these two

reactance will be equal.

In the above circuit, we have a 1pF capacitor and a 70mH inductor.
Since we know the equations for determining the reactance of each w1 a given frequency.
we are looking for that point where the two reactances are equal to each other, we can set

Ihe two reactance formulae equal to cach other and solve for frequencies algebraically.

X, = 200
o= 120HT
Setting the two equal 1o each other rep a condition of equal
T = 1211
Multiplying both sides I elimi the {term in the denominator of the fraction

2P = 12NC
Dividing both sides by 2T1L leaves by itself on the lefi-hand side of the equation
= 1202010
‘Taking the square root on both sides of the equation leaves [ by itself on the lefi side
=1 /LG
Simplifying,
f= 1/2TIN(LC)
This formula gives the resonant frequency of a tank circuit, given the values
of inductance (L} in Henrys and capacitance {C) in Farads. Plugging in the values of L
and C in our example circuit, we ammive # a resonant frequency of 600Hz.
What happens al resonance s quite interesting. With capacitive
and inductive reaciances equal 1o cach other. the ttal impedance increses to infinity.

meaning that the tank circuil draws oo current from the AT power source. We can

R iL

IL i j'u*
U N [ 1

FIG 3.10 RESONANT DC LINK INVERTER CIRCUIT
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3.9 INVERTER SECTION

The inverter configuration is achieved using a MOSFET three
phase bridge. The MOSFETSs used are N-channel power MOSFETs. Here 120 degree
phase conduction method is used, Each MOSFETs conduct for 120 degrees, the
conduction sequence of MOSFETs is (6041223345566 1 There arc
three modes of operation in one hall cycle. During (0-60"), the MOSFETs 6.1 conduct.
During (60°-120%), the MOSFETs 1.2 conduct. During (120°-180%), the MOSFETs 2.3
conduct Like this the MOSFETs gets tumed on as said in the shove sequence.

3.10 POWER SUPPLIES

Starting with an ac voltage, a steady de voltage is obtained by
rectifying the ac voltage, then filtering 10 a de level, and finally, regulating to obtain a
desired fixed de voltage. The regulation is usually oblained from an IC voltage regulator
unit, which takes a dc voltage and provides a somewhat lower dc voltage, which remains
the same even if the input de voltage varics. of the oulput toad connected 1o the do

voltage changes.

The ac voltage. typically 120V RMS. is connected to a translormer,
which steps that ac voltage down 1o the level for the desired ac output. A dicde rectifier
then provides a full-wave rectified voltage that is initially filtered by a simple capacitor
filter to produce a de voltage. This resulting dc voltage usually has some npple or ac
voltage variation. A regulator circuit can use this de input to provide a de voltage that not
only has much less ripple voltage but also remains the same de value even ifl the input dc
voltage varies somewhat, of the load connected 1o the output de voltage changes. This
voltage regulation is usually obtained using one of a number of popular voliage regulitor
1C units.

311 1C VOLTAGE REGULATOR

Voltage regulators compnse a class of widely used 1Cs. Regulator 1C

unils contain the circuitry for source. plifier, control device, and

overload protection all in a single IC. Although the intemal construction of the IC is
somewhat different from that described for discrete voltage regulator circuits, the external
operation is much the same. IC units provide regulation of either a fixed positive voltage.
a fixed negative voltage, or an adjustably set voltage, The setup is shown in FIG 3.12

A power supply can be built using a transformer connected 1o the ac supply
line 10 <tep the ac voltage to desired amplitude, then rectifying that ac voltage. filtering
with a capacitor and RC filter, if desired, and finally regulating the de voltage using an IC
regulator. The regulators can be selected for operation with load currents from hundreds
of milliamperes to tens of amperes. comesponding 1o power ratings from milliwatts 10
1ens of watls.

SUPPLY VOLTAGE

7812
230v | i I 5
‘ 15V D3 ‘ l
J o Ao e L oM
¥ ] BTl T
NIy, Fiiks
0 D4 D2 25V
ov

FIG 3.12 +12V AND +5V DC REGULATED SUPPLY CIRCUIT
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3.11.1. THREE-TERMINAL VOLTAGE REGULATORS

The fixed voltage regulator has an unregulated de input voltage, Vi
applied to one input terminal, a regulied output de voltage, Vo, from a second terminal,
with the third terminal connected to ground, For a selected regulator, IC device
specifications list a voltage range over which the input voltage can vary to maintain &
regulated outpw over a range of load current. The specifications also list the amount of
output voltage change resulting from a change in load current (load regulation) or in inpul
voltage (line regulation). The +12v supply is given 10 the collector terminal and the +3v
supply is given 1o the PIC 16F72 microcontroller IC.

3.11.2. FIXED POSITIVE VOLTAGE REGULATORS

The series 78 regulators provide fixed regulated voltages from 5 10 24V A
7812 IC is used 1o provide voltage regulation with an output of +12V de. An unregulated
input voltage Vi is filtered by capacitor C1 and connected 1o the ICs IN terminal, The
IC"s OUT terminal provides a regulated +12V which is filtered by capacitor €2 (mostly
for any high frequency noise). The third 1€ terminal is connected 1o ground (GND).
While the input voltage may vary over some permissible voltage range, and the output
load may vary over some acceptable range. the output voltage remaing constant within
specified valtage variation limits. These limitations are spelled out in the manufacturer’s
specification sheets
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CHAPTER 4

The resonant  inverer  circuit  has  be

simulated  in
MATLAB/SIMULINKE 7.0 for the parameters considered in the design circuit. in the
simull

hardwas

n. the waveforms of the resonant inverter are shown in FIG 2.4, 2.5, 2.7 The

has been implemented and the output waveform of the circuit is shown in the
Fig 4.1. an o/p of the CRO. The circuit outpul waveform agrees closely with simulated
waveform

The circuit output is tested with a compact Muourrrescent lamp (CFL)

The CFL lamp is having many advanta

ges working under high frequency resonant
conditions compared to conventional 50/60H: system.
They are
«+ The illumination of the CFL is obtained at minimum operating voltages and
fitcker less operation is also obtained. The compared cutput of 50Hz and 600Hz

in LUX is given below

L Since diode reverse recovery cumment is high ot high
frequency operation, the CFL glows for the voltages below the normal operating
voltage and hence quick. dynamic response is obtained

&

The harmonics in the bridge rectifier circuit of the CFL is
reduced at high frequency operation.
Table 4.1 Comparison of the Intensity of Light at 50 Hz and 600 Hz

i 230 320
R

| 290] 410

e 3500 490

~ | a00] 560

The values are measured ut 3 distance of approximately 12 mches from the CFL laimp,

CHAPTER 5
CONCLUSION AND FUTURE ENHANCEMENTS

Conclusion from this project:

A lossless three phase zero voltage switching inverter for modem
industrial drives has been designed and developed. This project has been simulated using

MATLAB. The simulation has been verified by hardware implementation. Using this

hardware module. sinusoidal wave has been generated
The unique aspect of this project is that high frequency up 1o 600Hz has
been generated and tested successfully. One of the important benefits from the use of

zero voltage switching inverter circuit is the low dvidi that a capacitive snubber yields

The conclusion drawn is that the high frequency power

module is able to provide many advantages like low EMI, higher efficiency, minimum
switching losses, minimum stress on power devices, large reduction in size and weight of
the transformers, reactors, capacitors and circuit breakers. At high frequencies by using
amorphous metal core the core thickness can be reduced to 25 pm compared to 200 pm
for grain oriented silicon core, which results in smaller size of the core. These are some

of the advantages over the conventional 50/60Hz power system

Future Enhancements:

This project can be enhanced using various technigues. The project can be

further extended 10 600Hz power system by using the TSC. If there is any unbalanced

output voltage due to unbalanced loading, we can solve the above said problem by using

the TSC. Also we can correct the power factor using TSC

4.1 OUTPUT WAVEFORM

FIG 4.1 OUTPUT SINE WAVE AT 600Hz

Energy and space saving, high performance by the use of the higher

frequen:

¢ 10 fluorescent lighting systems, amorphous metal cored transformers, DC
power supplics and naturally commutated cycloconverters can be experimentally

demonstrated

In the future, more than 20 kHz, high power resonant inverters can be
implemented depending on the requirement of the industry. lmespective of the
applications where size and space play an important role, the system can be upgraded and
modifications can be incorporated in a fMexible manner so as to reflect the new

requirement

The high frequency power can find many applications both in industrial
and commercial utilization such as high speed induction motors in synthetic spinning
yawn making machines, induction furnaces, high discharge lamps and also in quick

response DC power supplies.



APPENDIX 1- MICROCONTROLLER PROGRAM

list p=16f72 ; list directive 1o define processor

#include <pl6f72.inc> ; processor specific variable definitions

Frera=VARIABLE DEFINITIONS

temp EQU 0x20
temp! EQU 0x21
counter EQU 0x22
;"
start:
call initio
rep: moviw Ox06
movwf counter
clrw
movwi temp
incf temp, i’
call lookup
movwi portc
call delay

movl lemp.aw

clrf porta sclearing data

clrf portb

clrf ponic

bsf status,5 sselecting bank |
movlw b'000001 10 ;1o make portA digital i/p
movwf adcon|

moviw b LI

movwf porta

movwf porth ;defining data direction
movlw b 10000000

movwi porte

bef status,5

return

end

decfsz counter.i”
goto $-6

goto rep

lookup:

addwf pel,f

rethw b'00010001"
retlw b'00100001"
retlw b'00100010°
retiw b'00001010"
rethw b'00001 100"
retlw b'00010100°

delay:

movlw .86
movwi templ
decfsz templ,f
goto §-1

return

initio:

]

.

o oo

bef status,7
bef status, 5

bet status, i sselecting bankt)
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