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PURPOSE AND SCOPE

1. Purpose. This document has been compiled as a Pre Course Material and a
source of information for Officers undergoing Electrical specialisation course. The
requirement of the document was felt to bring at par; prior to the above-mentioned
course, Officers with different and varied backgrounds of engineering disciplines.
Accordingly, the document acquaints Officers with certain topics which might not have
been covered during their engineering studies. The coverage of the topics has been
restricted to an introductory level to familiarise the trainee Officers with the basic
concepts / technologies/ terms. The pre-course material only serves as a pre-cursor to
further reading and must not be misconstrued as reference material in itself.

2. Scope. Based on instructor feedback and experience, the pre-course
material has been compiled to cover the following topics:-

€) Electrical Machines

(b) Power Electronics

(c) Radar Engineering

(d) Communication Engineering
(e)  Control Engineering

3. Utilisation&Assessment. The booklet is to be used as a preparatory document,
to be read and understood prior to the corresponding subject being taught as part of the
Electrical Specialisation course. Each chapter/ section is followed by a few basic
guestions which represent the expected knowledge level prior to undertaking the
particular subject. The trainee may use his / her ability to answer them as a good
measure of self assessment and refer to reference books indicated at the end of each
chapter to be able to cope up with the course.




CHAPTER-1

ELECTRICAL MACHINES

1.1. Introduction

1.1.1. Electrical machine is the generic name for a device that converts mechanical
energy to electrical energy, converts electrical energy to mechanical energy, or changes
alternating current from one voltage level to a different voltage level.Electrical machines
are divided into three main categories based on how they convert energy. Generators
convert mechanical energy to electrical energy. Motors convert electrical energy to
mechanical energy. Transformers change the voltage of alternating current.

1.1.2. Electrical machines form the building blocks for commencement of any study in
electrical systems on board ships. The generation of electricity is carried by the onboard
generators; the motors are used as basic prime movers for variety of systems varying
from capstan to steering gear and from air blowers to drives for weapon systems. These
systems are supplemented by their control circuitry such as Automatic Voltage
Regulator (AVR), Governor, speed control units etc. for autonomous functioning.
Further,habitability onboard ships is improved by use of refrigeration systems and air
conditioning units. This chapter covers basic thumb rules of electricity and essential
electrical machines that are used at various locations on a ship.

1.1.3. The functioning of electrical machines can be
explained usi ng t HFemngd lefmj
hand rule (for motors), and Fleming's right hand
rule (for generators) is a pair of visual mnemonics that
is used for working out which way an electric motor will turn, or which way the electric
current will flow in an electric generator.

Remember: LM—RGi.e
P& Piand (ﬂufé) fof Motor
&Right Hand for Generator

Fig 1.1FLEMING® RIGHT HAND RULE: Middle finger gives the direction of flow of
current in a generator
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Thrust or
Motion

Field »

Fig 1.2FLEMINGG@ LEFT HAND RULE: Thumb gives the direction of motion of the
motor.

1.2. Generator

1.2.1. An electric generator is a device that converts mechanical energy to electrical
energy. A generator forces electrons to flow through an external electrical circuit. It is
analogous to a water pump, which creates a flow of water but does not create the water
inside. The source of mechanical energy, the prime mover, may be a reciprocating or
turbine steam engine, water falling through a turbine or waterwheel, an internal
combustion engine, a wind turbine, a hand crank, compressed air or any other source of
mechanical energy.

1.2.2. There are two main parts of a generator which can be described in either
mechanical or electrical terms. In mechanical terms the rotor is the rotating part of an
electrical machine, and the stator is the stationary part of an electrical machine. In
electrical terms the armature is the power-producing component of an electrical
machine and the field is the magnetic field component of an electrical machine. The
armature can be on either the rotor or the stator. The magnetic field can be provided by
either electromagnets or permanent magnets mounted on either the rotor or the stator.
Generators are classified into two types, AC generators and DC generators.

1.2.3. AC Generator

1.2.3.1. An AC generator converts mechanical energy into alternating current
electricity. Generally, AC generators have the field winding on the rotor and the
armature winding on the stator.

1.2.3.2. AC generators are classified into several types. The first is asynchronous
or induction generators, in which stator flux induces currents in the rotor. The prime
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mover then drives the rotor above the synchronous speed, causing the opposing rotor
flux to cut the stator coils producing active current in the stator coils, thus sending power
back to the electrical grid. The second type is synchronous generators or alternator, in
which the current for the magnetic field is provided by a separate DC current source.

1.2.3.3. The turning of a coil in a magnetic field produces rotational EMFs in both
sides of the coil which add. Since the component of the velocity perpendicular to the
magnetic field changes sinusoidally with the rotation, the generated voltage is sinusoidal
or AC. This process can be described in terms of Faraday's law when you see that the
rotation of the coil continually changes the magnetic flux through the coil and therefore
generates a voltage.

Sinusoidal
voltage output

A voltage proportional to
the rate of change of the
area facing the magnetic
field is generated in the
coil. This is an exampla
of Faraday's law.

The mechanical energy input to
a generator turns the coil in the
magnetic field.

Fig 1.3 An AC Generator
Note: In AC Generators Slip Rings Are Used

1.2.4. DC Generator

1.24.1. A DC generator produces direct current electrical power from mechanical
energy. A DC generator can operate at any speed within mechanical limits and always
output a direct current waveform. Direct current generators known as dynamos work on
exactly the same principles as alternators, but have a commutator on the rotating shatft,
which converts the alternating current produced by the armature to direct current.

Fig 1.4 DC Generator
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1.2.4.2. In DC generators the ends of the coil connect to a split ring (Fig 1.5),
whose two halves are contacted by the brushes. Note that the brushes and split ring
'rectify’ the EMF produced: the contacts are organised so that the current will always
flow in the same direction, because when the coil turns past the dead spot, where the
brushes meet the gap in the ring, the connections between the ends of the coil and
external terminals are reversed.

metal brush

rotating split-ring | 7

)

sl |

lead to external circw

Fig 1.5 Split Ring Commutator

1.2.5. Commutator

1.2.5.1. A commutator is a rotary electrical switch in certain types of electric
motors or electrical generators that periodically reverses the current direction between
the rotor and the external circuit. In a motor, it applies power to the best location on the
rotor, and in a generator, picks off power similarly. As a switch, it has exceptionally long
life, considering the number of circuit makes and breaks that occur in normal operation.

1.2.5.2. A commutator is a common feature of direct current rotating machines. By
reversing the current direction in the moving coil of a motor's armature, a steady rotating
force (torque) is produced. Similarly, in a generator, reversing of the coil's connection to
the external circuit provides unidirectional direct current to the external circuit.

1.3. Motor

1.3.1. An electric motor converts electrical energy into mechanical energy. The motor
functions in the reverse process of electrical generators. They operate through
interacting magnetic fields and current-carrying conductors to generate rotational force.
Motors and generators have many similarities and many types of electric motors can be
run as generators, and vice versa.They may be powered by direct current or by
alternating current which leads to the two main classifications: AC motors and DC
motors. Classification of motors is shown in Fig 2.6
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Fig 1.6 Classification of motors
1.3.1. AC Motor

1.3.1.1. An AC motor converts alternating current into mechanical energy. It
commonly consists of two basic parts, an outside stationary stator having coils supplied
with alternating current to produce a rotating magnetic field, and an inside rotor attached
to the output shaft that is given a torque by the rotating field.

1.3.1.2. There are two main types of AC motors, depending on the type of rotor
used. The first type is the induction motor, which only runs slightly slower or faster than
the supply frequency. The magnetic field on the rotor of this motor is created by an
induced current. The second type is the synchronous motor, which does not rely on
induction and as a result, can rotate exactly at the supply frequency or a sub-multiple of
the supply frequency. The magnetic field on the rotor is either generated by current
delivered through slip rings or by a permanent magnet.

1.3.1.3. Induction motors are more widely used because of the following reasons:

@) Induction motors are self-starting whereas synchronous motors are
not self-starting.

(b) Speed control of Induction motor is easier as compared to
synchronous motors.



(c) Maintenance of Squirrel cage induction motor is much easier than
cylindrical or salient pole motors

1.3.2 Induction Motor

1.3.2.1. An induction or asynchronous motor is a type of AC motor where power is
supplied to the rotor by means of electromagnetic induction, rather than by slip rings
and commutators as in slip-ring AC motors. These motors have no friction caused by
brushes, and their speed can be easily controlled.

Enclosure

Stator

Fig 1.8 Stator with windings



Fig 1.9 Rotor

1.3.2.2. An induction motor has a current induced in the rotor. Stator windings are
arranged so that when energised with a polyphase supply they create a rotating
magnetic field that induces current in the rotor conductors. These currents interact with
the rotating magnetic field, causing rotational motion of the rotor.

1.3.2.3. For these currents to be induced, the speed of the physical rotor must be
less than that of the stator's rotating magnetic field (ns), or else the magnetic field will
not be moving relative to the rotor conductors and no currents will be induced. If this
happens while the motor is operating, the rotor slows slightly until a current is re-
induced, and it continues as before. The ratio between the speed of the magnetic field
as seen by the rotor (slip speed) to the speed of the rotating stator field is unitless and is
called the slip; due to this, induction motors are sometimes referred to as asynchronous
machines. As well as generating rotary motion, induction motors may be run as
generators or modified to directly generate linear motion.

Fig 1.10 Rotating Magnetic field in a 3-phase induction motor
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1.3.2.4. The stator of an induction motor consists of poles carrying supply current
to induce a magnetic field that penetrates the rotor. To optimize the distribution of the
magnetic field, the windings are distributed in slots around the stator, with the magnetic
field having the same number of north and south poles. Induction motors are most
commonly run on single-phase or three-phase power, but two-phase motors exist; in
theory, induction motors can have any number of phases. Many single-phase motors
having two windings and a capacitor can be viewed as two-phase motors, since the
capacitor generates a second power phase 90 degrees from the single-phase supply
and feeds it to a separate motor winding. Single-phase power is more widely available
in residential buildings, but cannot produce a rotating field in the motor, so they must
incorporate some kind of starting mechanism to produce a rotating field. There are three
types of rotor: squirrel cage rotors made up of skewed (to reduce noise) bars of copper
or aluminum that span the length of the rotor, slip ring rotors with windings connected to
slip rings replacing the bars of the squirrel cage, and solid core rotors made from mild
steel.

Stator

Fig 1.11 Partially assembled motor

1.3.3. Synchronous Motors

1.3.3.1. A synchronous electric motor is an AC motor distinguished by a rotor
spinning with coils passing magnets at the same rate as the power supply frequency
and resulting rotating magnetic field which drives it.

1.3.3.2. Synchronous motors do not rely on slip under usual operating conditions
and as a result, produces torque at synchronous speed. Synchronous motors can be
contrasted with an induction motor, which must slip in order to produce torque. They
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operate synchronously with line frequency. The speedof such motors is determined by
the number of pairs of poles and the line frequency. The synchronous speed of the
motor is given by the formula

V = 120*/p

where v is the speed of the rotor (in rpm), f is the frequency of the AC supply (in Hz) and
p is the number of magnetic poles

1.3.4. DC Motor

1.3.4.1. The brushed DC electric motor generates torque directly from DC power
supplied to the motor by using internal commutation, stationary permanent magnets,
and rotating electrical magnets. Brushes and springs carry the electric current from the
commutator to the spinning wire windings of the rotor inside the motor. Brushless DC
motors use a rotating permanent magnet in the rotor, and stationary electrical magnets
on the motor housing. A motor controller converts DC to AC. This design is simpler than
that of brushed motors because it eliminates the complication of transferring power from
outside the motor to the spinning rotor.

1.3.4.2. An example of a brushless, synchronous DC motor is a stepper motor
which can divide a full rotation into a large number of steps. The motor's position can be
controlled precisely without any feedback mechanism as long as the motor is carefully
sized to the application.

1.4 Back EME

1.4.1. Back Electromotive Force (BackEMF)is the voltage, or electromotive force, that
pushes against the current which induces it. Back EMF is caused by a changing
electromagnetic field. It is represented by Lenz's Law of electromagnetism. Back
electromotive force is a voltage that occurs in electric motors where there is relative
motion between the armature of the motor and the external magnetic field. One practical
application is to use this phenomenon to indirectly measure motor speed and position.

1.4.2. In a motor using a rotating armature and, in the presence of a magnetic flux, the
conductors cut the magnetic field lines as they rotate. The changing field strength
produces a voltage in the coil; the motor is acting like a generator (Faraday's law of
induction). This voltage opposes the original applied voltage; therefore, it is called
"back-electromotive force". (by Lenz's law.) With a lower overall voltage across the
armature, the current flowing into the motor coils is reduced.

15 Automatic Voltage Requlator

1.5.1. Automatic Voltage Regulators (AVR's) are normally used in the Generators to
control the output voltage depending upon load connected, such that, the load will not
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cause any voltage fluctuation and damage to the DG. Automatic Voltage Regulator is
important part in Synchronous Generators; it controls the output voltage of the
generator by controlling its excitation current. Thus it can control the output Reactive
Power of the Generator.lt is a device used to maintain a constant voltage at the
alternators terminals. It functions by maintaining the excitation required to maintain the
terminal voltage of the alternator with change in the load.

1.5.2. The Voltage Regulation Systemconsists of the voltage regulator, Voltage adjust
potentiometer and power transformer. The voltage regulator senses and controls the
generator output voltage which is operator adjustable within the design limits by use of
the voltage adjust potentiometer. The power transformer provides operating power to
the voltage regulator. The output voltage is indicated by the AC voltmeter on the control
panel.

TO GENERATCR
FIELD WINDINGS

. GENERATOR

v

POWER AC
TRANSFORMER VOLTMETER OUTPUT
(VOLTS AC) SuUPPLY

LOAD

VOLTAGE VOLTAGE
REGULATOR ADJUST
VOLTAGE POTENTIOMETER

PARALLELING
CABLE

Fig 1.12 Automatic Voltage Regulator
1.6. Governor

1.6.1. A governor, or speed limiter, is a device used to measure and regulate the speed

of a machine, such as agenerator or an engine. The Governor Control System includes

the electronic governor control, governor actuator, magnetic pickup, load measuring

unit, frequency transducer, frequency meter, fuel injection pumpand frequency

adjust potentiometer. The governor actuator is a linear electromechanical actuator
13



which controls the output of the fuel injection pump in response to the electrical input
from the electronic governor control. The frequency adjust potentiometer, located on the
control panel and adjusted by the operator, provides a signal representing the desired
engine speed/generator frequency to the electronic governor control. A signal
representative of the actual engine speed/generator frequency is sent to the electronic
governor control by the magnetic pickup. Any change in engine speed from that
selected by the operator, as sensed by the magnetic pickup, causes the electronic
governor control to increase or decrease the fuel injection pump output to maintain the
desired speed. The load measuring unit senses changes in external load demand and
provides a change signal to the electronic governor control allowing the control to start
its response prior to any actual change in engine speed.

:. R .: ——
FREQUENCY AL LOAD KLOWATT { xromart '\
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uNIT ] {PEACENT
| \PoNER)
(S

[ (I
ENGINE

PARALLEL SET

COVERNING

ClrRCUIT

MAGNETIC
PICKUP

FUEL
INJECTICN
PUMP

—— — -

GOVERNOH R |
ACTUATOR 1 '
I pasTER |
I =WITcH 1
) 1
4 —— —
: ELECTRONIC ¢
GOVERNOR CONTROL s——= 7 =
~ )
FREQU_EN\-V INCLUDES —'N OVERSFEED b " :
ADJUST OVERSPEED SWITCH 1 RELAY ) ATt
POTENTICMETER CHANK CISCONNECT ' [ o oo
SWITCH hbecaad (S
(=== ‘[
i 1
o SRS |
ARTY
3 circurrs 1 ‘

FREQUENCY
SELECT
SWITCH

Fig 1.13 Governor System
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1.7 Refrigeration

1.7.1 Refrigeration is a process in which work is done to move heat from one location
to another. This work is traditionally done by mechanical work, but can also be done
by magnetism, laser or other means. Refrigeration has many applications, including, but
not limited to: household refrigerators, industrial freezers, cryogenics, air conditioning,
and heat pumps.

1.7.2. Vapor-compression cycle

1.7.2.1. The vapor-compression cycle is used in most household refrigerators as
well as in many large commercial and industrial refrigeration systems. Fig 2.14provides
a schematic diagram of the components of a typical vapor-compression refrigeration
system.

Condenser may be o
water-cooled or Ompressar
air-cooled. hwEpar ‘Wapar

Evaporator Condenser

Cald - Wiz
air z—ﬂ:ﬂ air
Fan

T Expansion

Liquid + “apar [><] Liquid
Walve

TYPICAL SINGLE-STAGE
VAPOR COMPRESSION REFRIGERATION

Figl.14 Vapor compression refrigeration

1.7.2.2. The thermodynamics of the cycle can be analyzed on a diagram as shown
in Figure 2.15. In this cycle, a circulating refrigerant such asFreon enters
the compressor as a vapor. From point 1 to point 2, the vapor is compressed at
constant entropy and exits the compressor as a vapor at a higher temperature, but still
below the vapor pressure at that temperature. From point 2 to point 3 and on to point 4,
the vapor travels through the condenser which cools the vapor until it starts condensing,
and then condenses the vapor into a liquid by removing additional heat at constant
pressure and temperature. Between points 4 and 5, the liquid refrigerant goes through
the expansion valve (also called a throttle valve) where its pressure abruptly decreases,
causing flash evaporation and auto-refrigeration of, typically, less than half of the liquid.
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1.7.2.3. This results in a mixture of liquid and vapor at a lower temperature and
pressure as shown at point 5. The cold liquid-vapor mixture then travels through the
evaporator coil or tubes and is completely vaporized by cooling the warm air (from the
space being refrigerated) being blown by a fan across the evaporator coil or tubes. The
resulting refrigerant vapor returns to the compressor inlet at point 1 to complete the
thermodynamic cycle.

1.7.3. Air Conditioning

1.7.3.1. An air conditioner (often referred to as AC) is a system, or mechanism
designed to dehumidify and extract heat from an area. The cooling is done using a
simple refrigeration cycle. In construction, a complete system of heating, ventilation and
air conditioning is referred to as "HVACO .

OUTDOORS
INDOORS

Condenser coils

Blower

Cooling coils  Temperature
sensing bulb

Indoor air

Fig 1.16 Typical Air Conditioner
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1.7.3.2. In the refrigeration cycle of air conditioner, a heat pump transfers heat
from a lower-temperature heat source into a higher-temperature heat sink. Heat would
naturally flow in the opposite direction. This cycle takes advantage of the way phase
changes work, where latent heat is released at a constant temperature during a
liquid/gas phase change, and where varying the pressure of a pure substance also
varies its condensation/boiling point.

1.7.3.3. The most common refrigeration cycle uses an electric motor to drive a
compressor. In an automobile, the compressor is driven by a belt over a pulley, the belt
being driven by the engine's crankshaft. Whether in a car or building, both use electric
fan motors for air circulation. Since evaporation occurs when heat is absorbed, and
condensation occurs when heat is released, air conditioners use a compressor to cause
pressure changes between two compartments, and actively condense and pump a
refrigerant around. A refrigerant is pumped into the evaporator coil, located in the
compartment to be cooled, where the low pressure causes the refrigerant to evaporate
into a vapor, taking heat with it. At the opposite side of the cycle is the condenser, which
is located outside of the cooled compartment, where the refrigerant vapor is
compressed and forced through another heat exchange coil, condensing the refrigerant
into a liquid, thus rejecting the heat previously absorbed from the cooled space.

1.7.3.4. By placing the condenser (where the heat is rejected) inside a
compartment, and the evaporator (which absorbs heat) in the ambient environment
(such as outside), or merely running a normal air conditioner's refrigerant in the opposite
direction, the overall effect is the opposite, and the compartment is heated. This is
usually called a heat pump, and is capable of heating a home to comfortable
temperatures (25 °C; 70 °F), even when the outside air is below the freezing point of
water (0 °C; 32 °F).0

1.7.3.5. Cylinder unloaders are a method of load control used mainly in
commercial air conditioning systems. On a semi-hermetic (or open) compressor, the
heads can be fitted with unloaders which remove a portion of the load from the
compressor so that it can run better when full cooling is not needed.

1.8. Questions

1.8.1. Briefly explain: brushes, split rings and commutator.
1.8.2. What isbackEMF?
1.8.3. How is DC generated in DC generators?
1.8.4. Identify the following components from the illustration:
A.
B.
C.

17



185 The i's the stationary part
1.8.6. The is the rotating electrical part of an AC motor.

1.8.7. The rotor is the most common type of rotor used in three-phase AC
motors.

1.8.8.The protects the internal parts of the motor from water and other

environmental elements.

1.8.9. What is a synchronous motor? How is it different from Induction Motor?
1.8.10.What are various methods of speed control in a motor?

1.8.11.What is meant by slip of a motor?

1.8.12.What is the purpose of a starter for a motor?

1.8.13. What are different types of Induction motors?

1.8.14.What is the need of an AVR and governor? Are they interchangeable?

1.9. Suggested Reading

Electrical TechnologyVol Il'i B.L. Thareja
Chapter 25
Chapter 26
Chapter 29

VP i 174 :- Power Generation and Distribution
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CHAPTER-2

POWER ELECTRONICS

2.1 Introduction

2.1.1. Power electronics is the application of solid-state electronics for the control and
conversion of electric power. Power electronic converters can be found wherever there
is a need to modify a form of electrical energy (i.e. change its voltage, current or
frequency). The power range of these converters is from some milli-watts (as in a
mobile phone) to hundreds of megawatts (e.g. in a HVDC transmission system). With
“classical" electronics, electrical currents and voltage are used to carry information,
whereas with power electronics, they carry power. Thus, the main metric of power
electronics becomes the efficiency. Such convertors are widely used onboard ships and
form the basic components of rectifiers, speed control devices, voltage conversion/
amplification, switching devices etc.

2.1.2. The first very high power electronic devices were mercury arc valves. In modern
systems the conversion is performed with semiconductor switching devices such as
diodes, thyristors and transistors. An AC/DC converter (rectifier) is the most typical
power electronics device found in many consumer electronic devices, e.g. television
sets, personal computers, battery chargers, etc. The power range is typically from tens
of watts to several hundred watts. On ships the most common application is the speed
control of motors, e.g., speed control of DC motors of ECM antenna in an EW system.
The latest Soft starters for motors use such devices as their primary component.

2.1.3. The power conversion systems can be classified according to the type of the
input and output power

(@) AC to DC (rectifier) - are used every time an electronic device is
connected to the mains (computer, television etc.). These may simply change AC
to DC or can also change the voltage level as part of their operation

(b) DC to AC (inverter) - are used primarily in UPS or emergency lighting
systems. When mains power is available, it will charge the DC battery. If the
mains fails, an inverter will be used to produce AC electricity at mains voltage
from the DC battery.

(©) DC to DC (DC to DC converter) - are used in most mobile devices (mobile
phones, PDA etc.) to maintain the voltage at a fixed value whatever the voltage
level of the battery is. These converters are also used for electronic isolation and
power factor correction

(d) AC to AC (AC to AC converter) - converters are used to change either the
voltage level or the frequency (international power adapters, light dimmer). In
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power distribution networks AC/AC converters may be used to exchange power
between utility frequency 50 Hz and 60 Hz power grids.

2.2. Diode

2.2.1. Diode is a type of two-terminal electronic component with a nonlinear currenti
voltage characteristic. A semiconductordiodeis a crystalline piece of semiconductor
material connected to two electrical terminals. A vacuumtubediode (now rarely used
except in some high-power technologies) is a vacuum tube with two electrodes: a plate
and a cathode.

2.2.2. The most common function of a diode is to allow an electric current to pass in
one direction (called the diode's forward direction), while blocking current in the opposite
direction (the reverse direction). Thus, the diode can be thought of as an electronic
version of a check valve. This unidirectional behavior is called rectification, and is used
to convert alternating current to direct current, and to extract modulation from radio
signals in radio receivers.

2.2.3. Semiconductor diodes have nonlinear electrical characteristics, which can be
tailored by varying the construction of their P N junction. These are exploited in special
purpose diodes that perform many different functions. For example, diodes are used to
regulate voltage (Zener diodes), to protect circuits from high voltage surges (Avalanche
diodes), to electronically tune radio and TV receivers (varactor diodes), to generate
radio frequency oscillations (tunnel diodes, Gunn diodes, IMPATT diodes), and to
produce light (light emitting diodes). Tunnel diodes exhibit negative resistance, which
makes them useful in some types of circuits.

O—N|P J}—O
Cathode (K) Anode (A) I (mA)
HLAmA) 4 Forward
- + Current
-
] Forward
Conventional Current Flow Bias
Reverse "knee”
Breakdown
Voltage
RY; +V
- -
Reverse Voltage Forward Voltage
-50pA Germanium 0.3v Germanium
“Zener" -20pA Silicon 0.7v Silicon
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Fig 2.1 Diode and Static I-V Characteristics of Diode
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2.3 The PN Junction

2.3.1. When the N and P-type semiconductor materials are joined together a very large
density gradient exists between both sides of the junction so some of the free electrons
from the donor impurity atoms begin to migrate across this newly formed junction to fill
up the holes in the P-type material producing negative ions. However, because the
electrons have moved across the junction from the N-type silicon to the P-type silicon,
they leave behind positively charged donor ions (Np) on the negative side and now the
holes from the acceptor impurity migrate across the junction in the opposite direction
into the region where there are large numbers of free electrons. As a result, the charge
density of the P-type along the junction is filled with negatively charged acceptor ions
(Na), and the charge density of the N-type along the junction becomes positive. This
charge transfer of electrons and holes across the junction is known as diffusion.

2.3.2. This process continues back and forth until the number of electrons which have
crossed the junction have a large enough electrical charge to repel or prevent any more
carriers from crossing the junction. The regions on both sides of the junction become
depleted of any free carriers in comparison to the N and P type materials away from the
junction. Eventually a state of equilibrium (electrically neutral situation) will occur
producing a "potential barrier" zone around the area of the junction as the donor atoms
repel the holes and the acceptor atoms repel the electrons. Since no free charge
carriers can rest in a position where there is a potential barrier the regions on both sides
of the junction become depleted of any more free carriers in comparison to the N and P
type materials away from the junction. This area around the junction is now called
the Depletion Layer.

M-region P-region
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O & - Wi
=" & + =y
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Volts - free electrons
Positive Donor ion

Potential difference Negative Acceptor ion

across the junction + Holes

Fig 2.2A PN Junction

2.3.3. The total charge on each side of the junction must be equal and opposite to
maintain a neutral charge condition around the junction. If the depletion layer region has
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a distance D, it therefore must therefore penetrate into the silicon by a distance of D, for
the positive side, and a distance of D, for the negative side giving a relationship
between the two of Dp.Na=Dn.Np in order to maintain charge neutrality also called
equilibrium.

2.3.4. The significance of this built-in potential across the junction is that it opposes
both the flow of holes and electrons across the junction and is why it is called the
potential barrier. In practice, a PN junction is formed within a single crystal of material
rather than just simply joining or fusing together two separate pieces. Electrical contacts
are also fused onto either side of the crystal to enable an electrical connection to be
made to an external circuit. Then the resulting device that has been made is called a PN
junction Diode or Signal Diode

2.4  Zener Diode

2.4.1. A Zener diode is a special kind of diode which allows current to flow in the
forward direction same as an ideal diode, but will also permit it to flow in the reverse
direction when the voltage is above a certain value known as the breakdown voltage,
Zener knee voltage or Zener voltage. The device was named after Clarence Zener, who
discovered this electrical property.

2.4.2. A conventional solid-state diode will not allow significant current if it is reverse-
biased below its reverse breakdown voltage. When the reverse bias breakdown voltage
is exceeded, a conventional diode is subject to high current due to avalanche
breakdown. Unless this current is limited by circuitry, the diode will be permanently
damaged due to overheating. In case of large forward bias (current in the direction of
the arrow), the diode exhibits a voltage drop due to its junction built-in voltage and
internal resistance. The amount of the voltage drop depends on the semiconductor
material and the doping concentrations.
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Fig 2.3 Zener Diode

2.4.3. A Zener diode exhibits almost the same properties, except the device is specially
designed so as to have a greatly reduced breakdown voltage, the so-called Zener
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voltage. By contrast with the conventional device, a reverse-biased Zener diode will
exhibit a controlled breakdown and allow the current to keep the voltage across the
Zener diode close to the Zener breakdown voltage.

2.4.4. The Zener diode's operation depends on the heavy doping of its p-n junction
allowing electrons to tunnel from the valence band of the p-type material to the
conduction band of the n-type material. In the atomic scale, this tunneling corresponds
to the transport of valence band electrons into the empty conduction band states; as a
result of the reduced barrier between these bands and high electric fields that are
induced due to the relatively high levels of doping on both sides.

2.4.5. Another mechanism that produces a similar effect is the avalanche effect as in
the avalanche diode. The two types of diode are in fact constructed the same way and
both effects are present in diodes of this type. In silicon diodes up to about 5.6 volts, the
Zener effect is the predominant effect and shows a marked negative temperature
coefficient. Above 5.6 volts, the avalanche effect becomes predominant and exhibits a
positive temperature coefficient.

2.5 Questions

2.5.1. What do you mean by Trivalent and Pentavalent impurities? Define N-Type and
P-Type semiconductors.

2.5.2. If there are extra electrons in N-Type semiconductors, then are they electrically
neutral? Give reasons.

2.5.3. Define Doping.

2.5.4. Define Conductors, Insulators and Semiconductors based on Energy Band
Diagram.

2.5.5. What do you mean by biasing? What are various types of Biasing?

2.5.6. Define Potential Barrier.

2.5.7. How does the flow of electron takes place through the junction?

2.5.8. Study about the V-1 characteristics of the PN junction or a diode.

2.6 Transistor

2.6.1. A transistor is a semiconductor device used to amplify and switch electronic
signals. It is composed of a semiconductor material with at least three terminals for
connection to an external circuit. A voltage or current applied to one pair of the
transistor's terminals changes the current flowing through another pair of terminals.
Because the controlled (output) power can be much more than the controlling (input)
power, a transistor can amplify a signal. Today, some transistors are packaged
individually, but many more are found embedded in integrated circuits.

2.6.2. The transistor is the fundamental building block of modern electronic devices,
and is ubiquitous in modern electronic systems. Following its release in the early 1950s
the transistor revolutionized the field of electronics, and paved the way for smaller and
cheaper radios, calculators, and computers, among other things.
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2.6.3. The basic construction of a transistor consists of two PN-junctions connected
back to back giving rise to three terminals, viz., the Emitter (E), Base (B) and
Collector (C) respectively.

2.6.4 Unijunction Transistor (UJT)

2.6.4.1. A Unijunction transistor (UJT) is an electronic semiconductor device
that has only one junction. The UJT has three terminals: an emitter (E) and two bases
(B1 and B2). The base is formed by lightly doped n-type bar of silicon. Two ohmic
contacts B1 and B2 are attached at its ends. The emitter is of p-type and it is heavily
doped. The resistance between B1 and B2, when the emitter is open-circuit is called
interbase resistance.

2.6.4.2. The UJT is biased with a positive voltage between the two bases. This
causes a potential drop along the length of the device. When the emitter voltage is
driven approximately one diode voltage above the voltage at the point where the P
diffusion (emitter) is, current will begin to flow from the emitter into the base region.
Because the base region is very lightly doped, the additional current (actually charges in
the base region) causes conductivity modulation which reduces the resistance of the
portion of the base between the emitter junction and the B2 terminal. This reduction in
resistance means that the emitter junction is more forward biased, and so even more
current is injected. Overall, the effect is a negative resistance at the emitter terminal.
This is what makes the UJT useful, especially in simple oscillator circuits.

2.6.4.3. In addition to its use as the active device in relaxation oscillators, one of
the most important applications of UJTs or PUTs is to trigger thyristors (SCR, TRIAC,
etc.). A DC voltage can be used to control a UJT or PUT circuit such that the "on-
period" increases with an increase in the DC control voltage. This application is

important for large AC current control.
7
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Fig 2.4 Uni Junction Transistor
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2.6.5. Bipolar Transistor

2.6.5.1. A Bipolar (junction) transistor (BJT) is a three-terminal electronic device

constructed of doped semiconductor material and may be used in amplifying or

switching applications. Bipolar transistors are so named because their operation

involves both electrons and holes. Charge flow in a BJT is due to bidirectional diffusion

of charge carriers across a junction between two regions of different charge
24



concentrations. This mode of operation is contrasted with unipolar transistors, such as
field-effect transistors, in which only one carrier type is involved in charge flow due to
drift. By design, most of the BJT collector current is due to the flow of charges injected
from a high-concentration emitter into the base where they are minority carriers that
diffuse toward the collector, and so BJTs are classified as minority-carrier devices.
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Fig 2.5 NPNBJT with forward-biased Ei B junction
and reverse-biased Bi C junction

2.6.5.2. Bipolar Transistors are current regulating devices that control the amount
of current flowing through them in proportion to the amount of biasing voltage applied to
their base terminal acting like a current-controlled switch. The principle of operation of
the two transistor types PNP and NPN, is exactly the same the only difference being in
their biasing and the polarity of the power supply for each type.

2.6.5.3. As the Bipolar Transistor is a three terminal device, there are basically
three possible ways to connect it within an electronic circuit with one terminal being
common to both the input and output. Each method of connection responding differently
to its input signal within a circuit as the static characteristics of the transistor varies with
each circuit arrangement. These configurations are:

@) Common Base Configuration - has Voltage Gain but no Current
Gain.

(b) Common Emitter Configuration - has both Current and Voltage Gain.

(c) Common Collector Configuration - has Current Gain but no Voltage Gain.
2.6.7. Field-effect Transistor (FET)
2.6.7.1. The Field-Effect Transistor (FET) is a transistor that relies on an electric
field to control the shape and hence the conductivity of a channel of one type of charge
carrier in a semiconductor material. FETs are sometimes called unipolar transistors to

contrast their single-carrier-type operation with the dual-carrier-type operation of bipolar
(junction) transistors (BJT). The concept of the FET predates the BJT, though it was not
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physically implemented until afterBJTs due to the limitations of semiconductor materials
and the relative ease of manufacturing BJTs compared to FETs at the time.

2.6.7.2. The FET controls the flow of electrons (or electron holes) from the source
to drain by affecting the size and shape of a "conductive channel" created and
influenced by voltage (or lack of voltage) applied across the gate and source terminals.
This conductive channel is the "stream" through which electrons flow from source to
drain.
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Fig 2.6 FET

2.6.7.3. In an n-channel depletion-mode device, a negative gate-to-source voltage
causes a depletion region to expand in width and encroach on the channel from the
sides, narrowing the channel. If the depletion region expands to completely close the
channel, the resistance of the channel from source to drain becomes large, and the FET
is effectively turned off like a switch. Likewise a positive gate-to-source voltage
increases the channel size and allows electrons to flow easily.

2.6.7.4. JFET

2.6.7.4.1. The J-FET (Junction Field Effect Transistor) is a voltage controlled device.
That is a small change in input voltage causes a large change in output current. FET
operation involves an electric field which controls the flow of a charge (current) through
the device. In contrast, a bipolar transistor employs a small input current to control a
large output current. The source, drain, and gate terminal of the FET are analogous to
the emitter, collector, and base of a bipolar transistor. The terms n-channel and p-
channel refer to the material which the drain and source are connected. The schematic
symbol for the p-channel and n-channel JFET are shown in fig 2.7.

Schematic Symbol Schematic Symbol
of an n-Channel JFET of a p-Channel JFET

| \ D \ D

G

Fig 2.7 Schematic Symbol for the P-channel and N-channel JFET
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2.6.7.4.2. A simplified n-channel JFET construction is shown below. Note that the
drain and source connections are made to the n-channel and the gate is connected to
the p material. The n material provides a current path from the drain to the source. An n-
channel JFET is biased so that the drain is positive in reference to the source. On the
other hand, a p-channel JFET with n material gate would be biased in reverse.

Drain
p-lype Semiconductors I

\ $ n-Type Channel
/
\

Gale ©

Source

Junction FET with n-type material
sandwiched between p-type
malerials.

Fig 2.8 Junction FET with N-type material sandwiched between P-type materials

2.6.7.5. MOSFET
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Fig 2.9 Basic MOSFET Structure

2.6.7.5.1. The construction of the Metal Oxide Semiconductor FET is very different
to that of the Junction FET. Both the Depletion and Enhancement type MOSFETSs use
an electrical field produced by a gate voltage to alter the flow of charge carriers,
electrons for N-channel or holes for P-channel, through the semi-conductive drain-
source channel. The gate electrode is placed on top of a very thin insulating layer and
there are a pair of small N-type regions just under the drain and source electrodes. The
gate of a JFET must be biased in such a way as to forward-bias the PN-junction but
with a insulated gate MOSFET device no such limitations apply so it is possible to bias
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the gate of a MOSFET in either polarity, positive or negative. This makes MOSFETs
especially valuable as electronic switches or to make logic gates because with no bias
they are normally non-conducting and this high gate input resistance means that very
little or no control current is needed as MOSFETSs are voltage controlled devices. Both
the P-channel and the N-channel MOSFETs are available in two basic forms,
the Enhancement type and the Depletion type.

2.7 Thyristor

2.7.1. The thyristor is a four-layer, three terminal semiconducting device, with each
layer consisting of alternately N-type or P-type material, for example P-N-P-N. The main
terminals anode and cathode, are across the full four layers, and the control terminal,
called the gate, is attached to p-type material near to the cathode. (A variant called an
SCSa Silicon Controlled Switchd brings all four layers out to terminals.) The operation
of a thyristor can be understood in terms of a pair of tightly coupled bipolar junction
transistors, arranged to cause the self-latching action:

Anode

I Anode
P P
M [ M _;Z
— P —
Gate 3 3
M M Gate
Cathode Cathode

Fig 2.10 Symbol and Construction of a Thyristor
2.7.2. Thyristors have three states:

@) Reverse blocking mode 8 Voltage is applied in the direction that would be
blocked by a diode

(b) Forward blocking mode 6 Voltage is applied in the direction that would
cause a diode to conduct, but the thyristor has not yet been triggered into
conduction

(c) Forward conducting mode & Thethyristor has been triggered into
conduction and will remain conducting until the forward current drops below a
threshold value known as the "holding current”

2.7.3. The thyristor has three p-n junctions (serially named J;, J», J; from the anode) as
shown in Fig 2.11.
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Fig 2.11 Layer Diagram of Thyristor.

2.7.4. When the anode is at a positive potential Vak with respect to the cathode with no
voltage applied at the gate, junctions J; and J; are forward biased, while junction J is
reverse biased. As J;is reverse biased, no conduction takes place (Off state). Now
if Vak IS increased beyond the breakdown voltage Vgo Of the thyristor, avalanche
breakdown of J,takes place and the thyristor starts conducting (On state).

2.7.5. If a positive potential Vg is applied at the gate terminal with respect to the
cathode, the breakdown of the junction J, occurs at a lower value of Vak. By selecting
an appropriate value of Vg, the thyristor can be switched into the on state suddenly.
Once avalanche breakdown has occurred, the thyristor continues to conduct,
irrespective of the gate voltage, until: (a) the potential Vak is removed or (b) the current
through the device (anodelcathode) is |
manufacturer.

2.7.6. Thyristors are mainly used where high currents and voltages are involved, and
are often used to control alternating currents, where the change of polarity of the current
causes the device to switch off automatically; referred to as Zero Cross operation. The
device can be said to operate synchronously as, once the device is open, it conducts
current in phase with the voltage applied over its cathode to anode junction with no
further gate modulation being required to replicate; the device is biased fully on. This is
not to be confused with symmetrical operation, as the output is unidirectional, flowing
only from cathode to anode, and so is asymmetrical in nature.

2.7.7. Thyristors are used as the control elements for phase angle triggered controllers,
also known as phase fired controllers. They can also be found in power supplies for
digital circuits, where they are used as a sort of circuit breaker or crowbar to prevent a
failure in the power supply from damaging downstream components. A thyristor is used
in conjunction with a zener diode attached to its gate, and when the output voltage of
the supply rises above the zener voltage, the thyristor will conduct, then short-circuit the
power supply output to ground (and in general blowing an upstream fuse).
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2.7.8. Thyristors associated with triggering DIAC are used in stabilized power supplies
within color television receivers Thyristors have been as lighting dimmers in television,
motion pictures, and theater, where they replaced inferior technologies such as
autotransformers and rheostats. They have also been used in photography as a critical
part of flashes (strobes).

2.8 DIAC

2.8.1. The DIAC (diode for alternating current) is a diode that conducts current only
after its breakovervoltage has been reached momentarily.

2.8.2. When this occurs, diode enters the region of negative dynamic resistance,
leading to a decrease in the voltage drop across the diode and, usually, a sharp
increase in current through the diode. The diode remains "in conduction" until the
current through it drops below a value characteristic for the device, called the holding
current. Below this value, the diode switches back to its high-resistance (non-
conducting) state. This behavior is bidirectional, meaning typically the same for both
directions of current.

2.8.3. Most DIACs have a three-layer structure with breakover voltage around 30 V.
DIACs have no gate electrode, unlike some other thyristors that they are commonly
used to trigger, such as TRIACs. Some TRIACs, like Quadrac, contain a built-in DIAC in
series with the TRIAC's "gate" terminal for this purpose.

2.8.4. DIACs are also called symmetrical trigger diodes due to the symmetry of their

characteristic curve. Because DIACs are bidirectional devices, their terminals are not
labeled as anode and cathode but as A1 and A2 or MT1 (Main Terminal) and MT2.
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Fig 2.12 V-l Characteristics of DIAC
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29 TRIAC

2.9.1. TRIAC (Triode for Alternating Current)isan electronic component which can
conduct current in either direction when it is triggered (turned on), and is formally called
a bidirectional triode thyristor or bilateral triode thyristor.

2.9.2. A TRIAC is approximately equivalent to two complementary unilateral thyristors
(one is anode triggered and another is cathode triggered SCR) joined in anti-parallel

(paralleled but with the polarity reversed) and with their gates connected together. It can
be triggered by either a positive or a negative voltage being applied to its gate electrode
(with respect to Al, otherwise known as MT1). Once triggered, the device continues to
conduct until the current through it drops below a certain threshold value, the holding
current, such as at the end of a half-cycle of alternating current (AC) mains power. This
makes the TRIAC a very convenient switch for AC circuits, allowing the control of very
large power flows with milliampere-scale control currents. In addition, applying a trigger
pulse at a controllable point in an AC cycle allows one to control the percentage of
current that flows through the TRIAC to the load (phase control).

A2

R

Al

Fig 2.13 TRIAC

2.9.3. Low power TRIACs are used in many applications such as light dimmers, speed
controls for electric fans and other electric motors, and in the modern computerized
control circuits of many small and major household appliances.
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2.10 Questions

2.1. What do you mean by current operated and voltage operated devices? Give
examples.

2.2. How are FETs and MOSFETSs used as switches?

2.3. What do you mean by Depletion mode and Enhancement mode
MOSFETs?

2.4. List down 03 possible applications of a thyristor/ SCR onboard ships.

2.5. Suggested Reading
Power Electronics i PS Bhimraw

Chapter 2
Chapter 4
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CHAPTER-3

RADAR ENGINEERING

3.1 Introduction

Radar is an object-detection system which uses radio waves to determine the
range, altitude, direction, or speed of objects. It can be used to detect aircraft, ships,
spacecraft, guided missiles, motor vehicles, weather formations, and terrain. The radar
dish or antenna transmits pulses of radio waves or microwaves which bounce off any
object in their path. The object returns a tiny part of the wave's energy to a dish or
antenna which is usually located at the same site as the transmitter. Radar was
developed in secret in nations across the world during World War Il. The term radar is
deri ved f r o rmadioDetectipmand Raagingd The modern uses of radar are
highly diverse, including air traffic control, radar astronomy, air-defense systems,
antimissile systems; marine radars to locate landmarks and other ships; aircraft anti-
collision systems; ocean surveillance systems, outer space surveillance and
rendezvous systems; meteorological precipitation monitoring; altimetry and flight control
systems; guided missile target locating systems; and ground-penetrating radar for
geological observations. High tech radar systems are associated with digital signal
processing and are capable of extracting objects from very high noise levels. A radar
system has a transmitter that emits radio waves called radar signals in predetermined
directions. When these come into contact with an object they are usually reflected
and/or scattered in many directions. Radar signals are reflected especially well by
materials of considerable electrical conductivityd especially by most metals, by
seawater, by wet land, and by wetlands. The radar signals that are reflected back
towards the transmitter are the desirable ones that make radar work. If the object is
moving either closer or farther away, there is a slight change in the frequency of the
radio waves, caused by the Doppler effect. Although the reflected radar signals
captured by the receiving antenna are usually very weak, these signals can be
strengthened by the electronic amplifiers. The weak absorption of radio waves by the
medium through which it passes is what enables radar sets to detect objects at
relatively long rangesd ranges at which other electromagnetic wavelengths, such as
visible light, infrared light, and ultraviolet light, are too strongly attenuated. The
maximum range of conventional radar can be limited by a number of factors including:-

€) Line of sight, which depends on height above ground.
(b)  The maximum non-ambiguous range which is determined by the pulse
repetition frequency. The maximum non-ambiguous range is the distance the
pulse could travel and return before the next pulse is emitted.
(c) Radar sensitivity and power of the return signal as computed in the radar

equation. This includes factors such as environmental and the size (or radar
cross section) of the target.
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3.2  The distance or range to the target is determined by measuring the time T taken
by the pulse to travel to the target and return. Since electromagnetic energy propagates
at the speed of light c=3 x 10° m/s, the range R is

R=c Tr/2

The factor 2 appears in the denominator because of the two-way propagation of radar.
With the range in kilometers or nautical miles, and TR in microseconds, the equation
becomes

R (km)=0.15Tr(meec) or R (nm)=0.081 TR (nsec)

Each microsecond of round-trip travel time corresponds to a distance of 0.081 nautical
mile, 0.093 statute mile, 150 meters, 164 yards, or 492 feet.

3.3  The basic principle of radar is illustrated
in Figure 3.1. A transmitter generates an
electromagnetic signal (such as short pulse of | Transmiter
sine wave) that is radiated into space by an - ‘VW\] £
antenna. A portion of the transmitted energy is |  ww
intercepted by the target and reradiated in
many directions. The re-radiation directed
back towards the radar is collected by the radar antenna, which delivers it to a receiver.
There, it is processed to detect the presence of the target and determine its location. A
single antenna is usually used on a time shared basis for both transmitting and
receiving when the radar waveform is a repetitive series of pulses. The range, or
distance, to a target is found by measuring the time it takes for the radar signal to travel
to the target and return back to the radar.
out from the direction the narrow-beam width radar antenna points when the received
echo signal is of maximum amplitude.

Transmitted Signal

Reflected Signal

Figure 3.1: Basic Principle of Radar

34 Classification Of Radars

3.4.1 Based On Operation: Depending on the principle of their operation the
radars may be classified into:-

a) Pulse Radar

i. Search Radar
ii.  Tracking Radar
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b) CW Radar

i. CW Doppler Radar
i. FMCW Radar

) Moving Target Indication Radar

i.  MTI Radar
ii. Pulse Doppler Radar

d) Array Radars

i. Phased array
ii. Planar array

3.4.2 Based On Application: Radars in Navy may be classified based on their
application

(a) Surveillance or Early Warning Radar
(b) Navigation Radar
(c) Gunnery Radar and tracking radar

35 Radar Frequencies

3.5.1 Conventional radars generally operate in what is called the microwave region (a
term not rigidly defined. Operational radars in the past have been at frequencies ranging
from about 100 MHz to 36 GHz, which covers more than eight octaves. These are not
necessarily the limits. Operational HF over the horizon of radar does operate at
frequencies as low as a few megahertz. At the other end of the spectrum, experimental
millimeter wave radars have been at frequencies higher than 240 GHz.

3.5.2 |Initially, letter codes such as S, X and L were used to designate the distinct
frequency bands at which microwave radar was being developed. The original purpose
was to maintain military secrecy; but the letter designations were continued as
convenient shorthand means to readily denote the region of the spectrum at which
radars operated. The list of Radar frequency letter band designations approved by IEEE
standard is given in the table. These are related to the specific frequency allocations
assigned by the International Telecommunications Union (ITU) for radiolocation, or
radar. For example, L band officially extends from 1000 MHz to 2000 MHz, but L-band
radar is only allowed to operate within the region from 1215 to 1400 MHz since that is
the band assigned by the ITU.
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3.5.3 List Of Radar Frequencies

0] The Radar frequencies are classified as follows:

Band Nominal Frequency | Specific Frequency
Designation Range Ranges for Radar
based on ITU
17 2GHz 121571 1400 MHz
. 23007 2500 MHz
S 214 GHz 2700i 3700 MHz
47 8 GHz 52507 5925 MHz
87 12 GHz 85001 10,680 MHz
. 13.47 14.0 GHz
Ku 127 18 GHz 15.7 i 17.7 GHz

(i) The New Radar frequencies band has been introduced as below: -

Band Designation

Nominal Frequency Range

07 250 MHz

25071 500 MHz

50071 1000 MHz

17 2GHz

2-3GHz

37 4GHz

47 6 GHz

I | |m|m|o|0O|m|>

61 8 GHz

81 10 GHz

107 20 GHz

2071 40 GHz

407 60 GHz

= L N

6071 100 GHz
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3.6 Block Diagram For Pulse RadarThe operation of a pulse radar may be
described with the aid of the simple block diagram as shown in the figure 3.2. The Block
diagram may be divided into different sections namely Transmitter, Receiver, Display
and Antenna assembly. The functions of different blocks are covered in the succeeding
paragraphs

L]
Oscillator E

i | LO ] Mixe
If:l; :

A

TRANSMITTER

L]
TriggerGen | =
arator

ALAAA Aerial :\
Su;:gr;eljnit o

[ Wuitivibrator J—{ Sav Tooth

Generator

Figure 3.2 Basic Block Diagram of Pulse

3.6.1 Transmitter The transmitter in radar generates High power pulses of
short duration that are fed to antenna through duplexer for transmission into free space.
The transmitter consists of mainly three units viz. Trigger Unit, Modulator and Oscillator.

(@)  Trigger Unit: The trigger unit generates impulses of very short duration
which are used to trigger the modulator. The trigger is also applied to the display
which initiates the saw tooth generator through a multivibrator. The trigger unit is
also called as the Synchroniser. It is the main unit that synchronises all the sub
units of a radar system.
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(b) Modulator: The modulators main function is to turn the transmitter (High
Power Oscillator or Power Amplifier) on or off in synchronism with the trigger
pulses. In pulse radar, a modulator block decides the pulse width of the
transmitted pulse. In pulse radar the modulator is more specifically known as
Pulse Modulator. A modulator converts low power pulses of trigger unit into high
power flat pulses that are used to turn the transmitter on and off.

(c) Oscillator: The oscillator is a high power, high frequency oscillator, such
as magnetron. It is switched on and off by a modulator. A power amplifier is
preferred over an oscillator when high average power is necessary, when other
than simple pulse waveforms are required, or when good performance is needed
in detecting moving targets.

3.6.2 Antenna Assembly An Antenna assembly is considered as having two
main units namely Antenna and T/R Switch.

(@ T/R Switch: A transmit-receive switch controls the transmitting and
receiving operations, permitting the use of only one antenna for both transmitting
and receiving purposes and is more commonly known as Duplexer. During
transmission, it connects the transmitter to the antenna and isolates the sensitive
receiver from the damage due to high power transmitter pulses. In the interval
between the pulses, during which the reflected energy is being received, the
duplexer connects the antenna to the receiver. A T/R switch is generally located
near the transmitter unit, and not near the antenna.

(b)  Antenna: Antenna is a device that matches the impedance of the EM
waves to the atmosphere. The antenna is used to radiate the EM waves from
Oscillator or power amplifier into the air. The same antenna is used to receive the
reflected echo of the target and feed it to the receiver.

3.6.3 Receiver The receiver is almost always a super heterodyne. This section of
radar does most of the signal processing on the received echo to identify the target to
its best. The receiver consist of various stages namely RF Amplifier, Mixer, IF amplifier,
2" Detector, Video amplifier and a local oscillator. The function of different modules in a
receiver follows in the succeeding paragraphs:

@) RF Amplifier: The first stage of a super heterodyne receiver for radar

application can be a transistor amplifier. An RF stage is a low noise amplifier that

improves the weak signal received by the antenna. In some of the radar systems

(mostly older ones) this stage is seldom employed, instead the signal is directly
38



fed to the mixer stage. However, achieving a low noise amplifier is no longer the
problem it once was, and now almost all the modern radars include the first stage
as RF amplifier.

(b) Mixer: Whether or not it is used as the front-end, the mixer is a key
element in super heterodyne receiver. The mixer converts RF signal to IF signal.
It receives two inputs, one form RF amplifier and the other from Local Oscillator,
and provides a beat frequency of the two. The desired beat frequency is called
the Intermediate Frequency or more commonly as IF.

(c) Local Oscillator: A Reflex Klystron is usually used as a local oscillator in
radar system. It is a low power, high frequency oscillator. The local oscillator
frequency is made almost always higher (Why?) than the received RF.

(d) IF Amplifier: This stage is employed to amplify the weak IF signal from
mixer stage. It generally employs two or three stages to improve the echo level.

(e) 2"Y Detector: The 2™ detector is used to detect the presence or absence
of the signal. It is called 2" detector as the mixer is in fact the first detector stage.

)] Video Amplifier: The video amplifier amplifies the detected signal and
feeds it to the Display.

(9) Indicator: Different types of Indicators are available for viewing various
parameters of the target through the received echo. Choice of display is one of
the important factors in design of Radar.

3.6.4 Display A display unit is an essential part in itself. It is a different technology
in itself. The Radar provides a video output which is further processed by Display
system. It consists of few supporting units to view the echo of the screen of a CRT.
Modern displays often employ LCD screen for Presentation of target echo. A display
using CRT is assisted by a Multivibrator that produces square or rectangular pulses, a
Saw tooth generator to produce the trace on the CRT screen and sometimes a
calibrator to generate range rings or range markers on the display. There are various
other units used in the Display system that assist in giving the best possible information
from the received echo.

3.7  The different Radar parameters are defined as under:-
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