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ABSTRACT

The objective of this work is to develop an
electronic relay which will work as &n electromagpetic
d;vice for the protection of power systems. A static
time-lag over current relay has been designed. In this.
relay -there is &;prefigion-for adjusting the time of
tripping and also thé-ﬁegnitude of the fault curpént at
which the relay will ope}ate; Seperate switches/knobs will
indicate the current and time settings. The static relay
which has been designed and constructed will‘hgve a very
fast operation. It is designed to operate with in about-
a-one cycie of 50 cycles per second wave. This timiﬁg
could be ﬁéde fastef, but,'for the mechanical response
of-thezfrippingxdgyiceatherc:isﬂlimitation:_of.making_theT.
reiay faster. |

Results showing the time to operétion of the relay
with varying fault currenf magnitudes have been presented.
The different sections of the complete protéctive relay
have been cemstructed and placed on separate boards which
are connected in series with the other portioné of the
’ ciréuit, by fquible plug and jack joints, so that the
various modular-boards can be rcmoved,-repaired and/ or

replacéd as desired.
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CHAPTER - 4
INTRODUCTION

1.1, What a Static Relay Is.

Electronic or static relay is a relay in which the
comparison or measurement of the electrical quantities is
done by stationary .nett&ork which gives a tripping signal
‘when the threshold condition is passed. In gimple language .
static relay is one, which ﬂ#s:no moving parts except in the
slave device. The static relay includes devides the output

¢ircuit of which may be electronic,semi~conductor or even

electromagnetic. But the output device does not perform

relay measurements, it is essentially a tripping defice.

'1.2;1;1E=£ﬁgn£;~-farfStaticlﬁelay'Development;j-

_ As a-resui% of great‘expension of Elgcfrical'transmission
ana distribution systéms during the 1asttﬁi§tyyears and
with the advent of much larger pdwer stations and:mbfe
extensively interconnected systems, the‘duty imposed upon
protect}on gear has PWacome moré and more,sévére;i,Sinée
relays now_have to perform much more complicatéd fuhctions
many types tend to Become very complex mechanically

and hence coistly and .difficult to test and to maintain.

The basis of the so-called static relaying is the
‘use of circuits and components to achieve a‘variety of functions

and operating characteristics which for protection purposes



have traditionlly been obtained uslng electromechanical
dev1ces. Reliablllty,whlch 13 ‘always. important,has been determln
by short-01rcu1t levels. Circuit ratlngs and comp%;iigﬁigé time
interconnection have 1ncreased3=theref0re shorter relay A have
become more essential to preserve dynamic stability as the
character and loading of systems approach design 1imits.

The satlsfactlon of these requlrements heg left llttle
potentlal for ﬁhelr 1mprovements 1n the conventional electro-
mechanlcal relays. Until fifteen years ago, relay design

was dominated by the electromechanical element. Such an.
element of whatever basic characteristics, e.g.- square law
induction element has a dynamic behaviour special to that
element and design freedom is consequently restricted by

" factors such as the conflicting requirements of sensitivity

and mechanical robugtnesg; Experlence shows that these more

- exactlng requlrements can readily be met using statlc relays.

1.3, Historical Buckground of Statisw Relay,

References to the design and application of electronmic
relays for pover system protection can be found in the
11terature from the year 1928 onwards. In that year Fltzerald(q)
published a scheme for Pilot wire protection. Wideroe zn

- 1934 brought out a series of circuits for the common types



of protection relays while Loving in 1949.pub1ished-refinemenbs.
of these. Macpherson,.Warrihton and McGonnelfﬁgpdated the
developments upto 1948 and these were extended in later years

by Barnes, Kennedy, Honey, Reedman, Dlouhy, Cahen and chevéllglz
In all these schemes either thyratrons or thermioﬁic N

tubes have been employed.

| The research effort upto the year 1956 was predominantly
towards circuits employing therﬁionic tubes, thyratrons etc;
since till fhen so0lid atate devices like transistors, were
just in their infancy. None of fhese circuit® reached the
commercial stage and the research effort rapidly tapgred off.
However, there were certain disadvantages in thermionic tube

circuit in relaying and the main ones were the following:.

(a);PfOVisionVof~special—power—supplics:ior—Valve —
heaters - this imposes d@nstant drain on the power
supplies.

(b) Provision of eppriciable voltages for valve anodes

and electrode bias.

(¢) Incorrent operation under tramsient conditions.

In view of these disadvantages, attention has been
diverted to the development of static relays using solid state
componentsg, There is at present no interest in relays using

electronic valves and they are of historical importance only.



The first wholly static relay was developed by
M. E Bivens in 1930 in the laboratories of the General
Electric Gompany, U.S5.A., but was not offered for sale
because the comparator used a hot-cathode thyratrom which

at that time was not sufficiently consistant in operation .

The first wholly static relay offered for sale was
the electronic mho felay produced in 1948 by the General
Electric Oompanéj U.B.i&a&n.this:relay & vacuum tube was -
used as the comparater and a thyratron used only as a
tripping device. Unfortunately, no business'resulted because

at the time power system engineers did not have sufficient

confidence in the electronic components,

In the period 1959-1969 the major manfacturing
companies have developed static'equivalents of all the
pfinci)al tjpes of relAys, but so far there had been & -
#ery conservativé attitude towards them by the méjor,d

power companies.

In 1659 Allls -chalmers, U SeA., brought out an
inverse time current re1a§ since her many other manufactﬁrers‘
have developed similar relays but tﬁe induction dise type of
inverse time-current relayrstili dominates the market. Somewhat
more success has been-acﬂieved with static definite time-current
relays, speclally in the industrial fleld. A number of differenti
£5)

current relays hav. appered for the protection of generator

and buses(6).[n 1961 en American company brought out a
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. trangigtorized ver31on of their electronlc dlstance relay
. (8)

and this was followed: by othera in Engleand, Swltzerland and
the U.S.A.

- | The peérformance of the more recent static relays has
been so much superior to that of the electromagnetic type
that the power companies have been forced to accept them,
Thug they may be the thin edge oflthe wedge of general
acceptance of static relays .

Tolbe Selection of'StéticQwer-current relay-design,

Y

Current magﬁitude igs widely used as a means of
detectlng faults on dlstrlbutlon systems but seldom on -
transmission systems. Thig is because the load current
tends to be fixed at about 500A irrespective of the systen
- voltage (because about 0.6 in . dia. is an 0ptimuﬁ*sizewof'
conductor for mechanlcal reasons) whereas, for a glven source
'1mpedancei the fault current must decrease as the voltage
fating increases 80 that, on a high voltage,transmissioni
line, the minimum fault current may be léss than maximum

load current.

1

Fault currént level‘detectdrs'are called overcurfént
relays and in their electromagneéic term, are very gimple
reliable devices since they consist simply of an electromagﬁet
and a contact carrying armature. In their static form they

~are somewhat more complicated Our aim bhare is to dgsign snd

gtudy & static over current relay in simpie form.



RELAYS FOR THE PRCOTECTION OF POWER SYSTENS

2.1 Basic Ideas of Relay Protection

An electric pover system should ensure the availability
of electrical energy‘without interruption to evefy load |
connected to the system. When the electiic power supply is
extended to remote villages the power system would_consisf
of several thousand kilometers of distribution, lines. The
high véltage transmission lines carrying bulk power could
extand over SEVeral hundred kilometers. Since all these lines
afe generally overhéad‘liﬁes and are exposed, there are many
chances of their breskdown due to storms, falling of extérnal
objects-oﬁ the lines;Camage of the-insulators,'etc} ?hese*can
result not only-in mechanical damégé but 21s6 in an electrical
faulf. Cne of the éources of trouble to continuous'supﬁly_in
the shunt.fault or short circuit, ;hich produces 2 sudden and

sometimes violen. change in system operations.

Protective relays or relaying systems detect abnormal
conditions like faults in electrical circuits and operate
automatic switchgear to isolate faulty equipment from the
system a&s quickly as possible., This limits the damage at the
fault location and preventé.thc effects of the fault

spreading into the system. It is the function of the protective



relays in association with the switchgear to avert the
consequences of the faults. The switchgear musf be cépable
of interrupting both normal currents as well as fault
current . ThQ protective relay on the other hand must be
able to recogize an abnormal condition in the power system
and teke suitable steps to ensure its rgmoval with the

least possible disturbance to normal operation .

It should be noted that a protective relay does not
prevent. the appearence of fﬁults. It can take action only
after the fault has occurred. It would be most deéirable if“
protection could anticipste and prevent faults, but this is
adviously impoSSible excepp‘where the brginal cause of a fault
creates some effect ‘which can opq;éte a protective relaj;
Howevef there are'somé devices which can anticipate and
presentnmajorzfauitégée.g;>Buchhblz'reldy,Ja gas operated -
dévice which is capable of detecting the gas accumulation
produced by an ancipient fault in a transformer. It is
necessafy for the protective engineer to provide relays
whose business it is to determine what breakers are to
operate to clear the trouble when it occurs. Relaysrthen are.'
the " Silent Sentinel" that guzrd , each in its own | <
VobSepvation territorj, the service to the community and

protect life, property and service.



.l Nature and Causes of Faulss

The natﬁre of a fasult simply‘impliés any abnérmal
condition which causes a reduction in the basic insulation
strgpgth between phase conductors, or between phase conductors
and Earth,ror any earthed screens surrounding the conductors.
Actually the reduction of the imsulation is not considered
as a fault until it produces some effect on the.system, that
is. until it results either in a.excess current or in the
reduction of‘the impedance between conductors or between
conductors:; and earth to a value below that of the lowest

load impedance normal to the circuit.

In 2 power systemrcohsisting of generators, switchgear,
transformers, framsmission and distribution cirﬁuits; it . is
inévitable that sooner 6f lafcr in such a large network some
failure will occur somewhere in the gystem. The probability
of the failure or occufrence of abnormal condition is more
on thé power 1inés, simply because of their greater length

-and exposure to the étmosphere.

Before préceeding to the examination of the several
causes of: failures, it would be well to classify them according
fo the causes of their incidence. These are mentioned be;ow:

| (2) Breakdown may occur at normal voltage an account
of (i) the deterioration of insulation and (ii) the damage due
to unpredictable causes such as the perching éf bifds,
accidental short circuiting by snakes, kite strings, tree

branches, etc.



(b) Breakdown may occur because of sbnormal voltages,
thouzh the insulation is otherwise healthy to withstand
normal voltage. This may happen because of either (i) switching

surges or (ii) surges caused by lightning.

- The present day practice is to provide a high insulafion
level of the ofder of 3 to 5 times the normal vzlue of the
volfage. But still the pollution on sn-insulator strimg which
is commoniy caused by deposited soot or cement dust in
iﬁdustrial areas and by salt deposited by wind-borne sea-spray
in coastal ireas cause the lnsulation strength to decrease,
This will inifially lower the insulation resis%ance, and
causes 2 small leakage current to be di%erted thﬁs hastening
‘the deterioration. Even if the installafion is enclosed, such
as in sheathed and armoured cables as well as in metal-clad
switchgear, detcrloratlon of the 1nsulat10n occurs because
of ageing, V01d formaulon\in the insulating compound of
underground cables due to the unegqual expensions and contrations

caused by the rise and fall of temperatures is another cause

of insulstion failure.

The line and apparatus insulation may be suBjected to
traﬁsieﬁt overvoltages because of the switching opsrations.
The vo}tage which rises at a rapid fate, mgy;achieve a peak
value which approaches three times phase to nutral voltage,
It is for this pUrpose that a higher insulation level is
provided initiall&. If the insulation levels have been

correcfly chosen and they have not been impaired in the manner

described under (a) above, the system will withstand these
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routine over-voltages. But if the insulation has developed
some form of weakness, it is &t the time of switching that

failure may be expected.

Lightning produces a very high voltags sﬁrge in the
po;er system of the order of millions of volts and thus it
1s not feasible to.provide an insulation whiéh can withstand
_this abnormality. These surges travel with the velocity of

light in the power circuits, the limiting- factors are the

surge impedance and the line resistance.

-

2.3 GConsequences of Faults,

The most serious result of a major uncleafed fault
is fire which may ﬁot only destfoy the equipment of its
,originé but may spreéd in the system and cause totalfailure.
The_most:commoh_type of fault which. is also the most ..
Adangeroﬁs one is the short circuit which may have any of
the following consequences : |
(1) A great reduction of the line voltage over a
major part of the power system, This will lead
to the breakdown of the electrical supply to the

consumer and may produce wastage in production.

(2) Damage caused to the elements of the system by the
eletric arc which almost always accompanies a

short circuit.

(3) Damage to other aperatus in the system due to -

overheating and due to abnormal mechanical forces

setup.’
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(4) Disturbances to the stability of the electrical
system and this may even lead to a complete

_shutdown of the power system.

(5) A marked reduction in the voltage which may sometimes
be so great that relays having voltage coils tend

to fail.

(6) Considerable reduction in the voltage in healthy
feeders connected to the systemhaving fault. This
may cause either an abnormélly high current being
drawn by the motors or the operation of no—voltage-
coils of the motors. In the later case considerable

loss of industrial production may result as the

motors will have to be restarted.

2.4. . Primary .and Backup Protection o "

The system is divided into protection zones, esch having
its protective relays for determining the existence of fault
in that zone and having circuits breakers for disconnecting

that zone from the system.

-Thg_relays operate usually from currents and volfagqs
derived from current and potential fransformers or potential
devices. 4 station battery usually provides the circuit
breaker trip current., Successful clearing depends on the condition
of the battery, the continuity of the wiring and tripcoil,

and the Zproper mechanical and electrical operation of the
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circuit breaker as well as the closing of therrelay trip
'contaCts;

In the event of failure of one of these elements, so
that the fault in a given zone is not cleared by . the main

or the primary protection scheme, some form of backup protection

s @rdinerily provided to do the next best thing.

There are % kinds of béckup relays: -

-(a) those which trip the same breaker if the main relay
fails (Relay Backup).

(b) those which open the next nearest brezkers on the
same bus in case one the 1loczl breaksrs fgils to
open (Breaker Back-up), or in the csse there is a
-failure of the local;secondary. current of potential
sqp@iies,'or the a.é. wiring.

(c)ithésé.which operate from a\ﬁeighbpuring station
so és fo backup both rélays and breakers and their -
supplies (Remoté Backup) in case of the failure of
any local supply including the b#tfery, or in_the

case a circuit breasker or relay fail to function.

The relays themselves must be connected to trip only
the breakers ﬁext to the protected unit, the zone 6f'protection
of each relay must overlap the zones.df.AdjaceﬂtIelays to
.insure that these are no dead spots. This can be achieved by

the proper location of each current transformer.
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2.5. Economic Considerations

We are quite familier in the day to day life that
-uhere is an economic limit to the amount that can be spent
on dlfferent types of insursnces in order to safeguard life
and‘ﬁropcrty. Similarly in the power system there is an economic
limit to the amount that can be spent on the protection of
system. Usually this is a very complex affair since the
probability of failure or fault is a function of component,
location, time,‘etc. 411 these factors can lead to differeﬁt
alternatives for the same problem, aﬁd a choice;hasrto be made
keeping in view the §conomic justifiability. The cost of
protection is linked with cost of the plant to be protected
and incfeases with the cost of the plant. Usually the
proteculve gear should not cost more than 5% of the total
cost. However, when the apparatus to be prot»cted is of
"lparamoqnt 1mportance711ke_the generator or-the main tfansmissibn
.1ine, eéonbmic considerations areroften subordinatéd o

reliability.

2.6. How Helavs Locate Faults.

ProtectiVéﬁrelays shuld be applied such that:only.the_
local arca.of the fault is reméveq or isolated from the rest
of the system. This means that relays must be aﬁléito " Locate "
faults and trip only thé;breakers on cifcuits‘directly connected

to the faulted equipment. Rezlys are said to be'selective'when
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by proper application and setting, a minimum number of circuit

breakers are tripped to remove the fault froﬁ the systen.

It can be éecn that in order to apply and set protective
vrclgys en a power system, a knowledse of the system performance
during faults is necessary. Relays must differentiate between
permissible operating conditions and sbnormal or fault

conditions. Most faults providegeveralchéracteristics,‘by

which fhey can be located. The more-common of these charecteristics

are:

(1) Increased currents in one or more phlses ( in the
order of 2 to 20 times ndrmal load current) and
flowing toward the fault. - |

(2) ﬁeduced voltage of one or more phases. The voltage
will be lowest of the fault.

(3) Fault power always flow towards the fault,

(4) Temperature rise in elcctrlcal eoulpmcnt

Protéctive relays empley these and other characteristiés
singly or together to locate énd isplate faults. An examples,
fault current may energize overcurrent relays which operate
either instanténeously or after a time delay. In the _.  later
cé555 the large the current the faster the,opération s¢ the
félay nearest theAfault operates to clear the fault. The time
allowance m2y be only oﬁ fraction of a second and ‘seldom more
than' two seconds. The simultsneous measurement of'the increased
~current andlréduced.voltagé indicates the ohmic distance to

the fault so that the relay nearest the fault can operate first.
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A resﬁonding to the direction of power flow can indicgte the
direction of the fault. If these relays at each end of a line
section can‘compafe the direction of the faultlp0wer flow
elther by carrier or pilot wires, then the faulted section
canﬁbe qﬁickly isolated. Other relays balance the current

flowing in each parallel line so that when the current in

one line increases, this faulted line is tripped.

In any piece of elcctriéal equipment, the éurrcnt

- flowing into the'equipmehf equals that"flowing out and any
difference between iﬁcoming and outgoing curfenﬁs, other than
the losses in the eéuipment itself, indicates a fault in the
_equipment., Hence if the input and output currents are compared
andttheir“diffcrence introduced intora relay, an ideal method

of obtaining selectivity results.



5.1

CHAPTER -3

RELAY DESIGK AND CONSTRUGTION.

Factors Affecting Design: and Construction

(a) The chardcteristics of the relay must be such that
itﬂ}always operates for the type of fault which
:it is intendéd to protectragainst, ahd not for |

~any other conditioﬁs.

(b) The relays must‘have arrangenent fér ad justment
to permit it to operate Selectively with other
rélays. 7

(c) It should meéf the spécifications of the country
where it is to be used. |

(@) 4. relay mﬁstfbe‘iﬁmuﬁe from transieht effects, e.g.

diop'in voltage, peak currents, d.c. signals and

hermbnics.

(e) The construction should be simple snd accessible, so

as to facilitate maintenance.

(f) The wiring and terminal arrangement should facilitate

teétiﬁg and the.tracing of faults.
(g) The construction shouldrfacilitate the maxing of
| minor modifications fo meet.unusual conditions of
'température, humidity, corrosive atmospheres,

machanical shock eic.
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A"
2.2 Functional Characteristics of Protective Relaying.

3e2e1e SENSITIVITY, SELECTIVITY, AWD SPBEDi

"Sensitivity", "Selectivity", and "Speed" are terms
comménly used to describe the functional characteristics of
any protective relsying equipment. All of them are implied
in the conside:ations‘of primary and backup relaying. Any
‘relaying equipment must be sufficiehtly “sensifive" so that
it will operate reliably, when require&, under the actual
condition that produces the least operating tenQencj. It must
be able to "selact" betwécn those conditions for which prompt
operatioﬁ is regquired and those for which no operation; or
time-delay operation, is_requiréd. And its must operate at the
reéuired_"speedﬁ. How well any protective-relaying equipment
fﬁifills eaéh of\thesevrequirementsrmust be known for each
épplidétion.

Therultimaté goael of profective-rglaying is to . ..
disconnect a féultyrsystcm ¢lement as quickly és possible.:
Sensitivity and seleétiﬁity are esScntiallto agsure that
the propesr circuit breakers will be tripped. The benifits to

be gained from speed will be considered later,

3.2.2. RELIABITITY

"Reliabilty" is 2 qualitative term. Quantitatively it

can be expressed as 2 probability of failure. Failure is not
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confined to protective gear but may also be due to brezker
defects., Therefore every component and circuit involved in fault
clearance must be regared as a potential sourée of failure.
Failure can be reduced to a small celculated risk by inherently
reliéble designs backed by regular and thorough maintenance.
Quality, of personnel must not be oferlooked when considering
reiiability, for mistakes by personnel are among the most likely
causes of failure. Some features of design and manufacture which
make relay inherently reliable are high contact pressures, dust
free enclosures, well braced joints ahd impregnftedlcoiha
(Electromagnetic relwvs). Precautions in manufacture and assembly
_reduce'liability of feilure. Components should be treated to
prevent contamination. Acid fluxes and aéid producing insulation
should be a&oided. On assembly direct handling of components
should also be évoided as far as ﬁoséible. ﬁétual field' test
should bé ﬁadefpériodically. Thése field tests provide an
excéllent means for cheaking the over—ali opératioq of all

equipment involwved.

3.3. Choice of the Type of Relay or Comparator

Inibrodd térms-protection relays are in two-catagories
of construction, (z) thoéc which are wholly electromagnetic
or electrothermal, in which the comparison is done by the
relay itself by balanciﬁg two forces or magnetic fluxes and

(b) using a static comperator, ir which the comparison is done



Table for Lvaluation of Comperator Units

H

Ty

Moving Armeture Eléctromagnet

Static Comperstors with Blave Relay

Total

Quality Attracted Ipduction Induction Thermal ylectronic Transitors Rectifier Magnetic
Armeture Disc Cup : Bridge “Amplifier
Low Cost 5 7 4 8 1 2 3 6
Accurany 2 '3 5 1 8 7 6 4
Speed 5 P y 1 8 7 6 %
Output o
Quality 1 4 3 2 7 6 8 5
Sensitivity 4 2 3 1 8 - 7 3] 5
Stability ' u 2. 3 6 7 8 5
' Robwstness 5 o4 6 3 1 7 2 8
Bimplicity 8 6 5 7 2 1 4 5
Expgrienéc -6 8" 7 5 2_ 1 4 . >
7T 39 3 43 45 47 42
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in & static circuit by comparing two or more currents or
voltages and feeding the resultant output into a slave devices

which tskes the required action.

- Thehtableca)compgreggeight types of relay constructions,
four electromagnetic and four static. The nuwmber in.the table
represent order of marit among them.in comparison rather than
degree, since the degree would'deéend very much upon the
. actual design. The highest number -8y represents the best
performance., Reliability isnot 113£ed because it is covered
under stability; simplicity, robustness, efc.~8tability‘inclﬁdes
overtravel and transient 6verreach. Experiencels confined to
their use in protectiva releys., In the column headed "Guality™
the fourth term "oﬁtpuﬁ quality” refers to the steadiness of
the torque or force in tﬂe case ofrelectromagnctié relays.and
to the smoothnéés_andfrange limitation of the output voltage

and currsnt in the case of static relays. -
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-5.4.' Static Relay Opereting Principle

The static overcurrent relay consists of a rectifier
unit which converts to a.c. signals to d.c. levels, fellowed
by bvcr1oad level deYector, timing circuit, level der=ctor and

2 trip. Fig. 3.1, represents the block schematic of a time-current

relay. Cver Load _ : ’
Rectifier Level Detector Timing Level Tripping
Unit - Circuit Detector Circuit

—— : - . » - N l )
- e

Fige3e1le Block diagram of a time-current relay

The current from the CT is redued to 1/1000 th-by &n
auxillary CT, the auxillary CT has taps on the primary for .
selecting the desired pickup and current range and its
rectified output is.supplied to an overload level detector
-and aﬁ RC timing circuit. Qhen'tﬁe voltage on the timing
1capacit9r has reached the value‘fér triggering the level

detector, tripping occurs.

- 345, Advantage of Static Relays .-

The main advantages offered by semiconductor relays

are low burden and superior performance, viz 3
(a) Fast response, ilong life and high resistence to

shock and vibration.\



(v)

(e)

(d)
(e)

(£)

(g)

(h)

(1)

(i)

inacecuracy.

Low burden on CT$ and PTs,sinee the operating power

Quick reset, a-high_resetting value and the
absence‘of over shoot are easy to obtain in static
relays because of the absence of mech2nical -inertia

and thermal storage.

With the absence of bearing friction and contact
troubles (corrosion, bouncing and wear), better
characteristics can be obtained and there is less

necessary for maintenance.

Very freqoont operation causes no delerioration.

The case of providing amplificztior enables greater.
sensitivity to be obtained.

The low energy lefels in the measurement circuits

permit miniaturization of equipment and minimize CT

’

is from an anxillary d.c. supply.

A variety of charecteristics can be obtained with
static relays. Taereby selectivity, stability and

adequateness can be achieved.

Static relays resisted by power line carfier can be -

used for remote backup and network monitoring.
tstic relasys are compact. Furtermore, with use of
intcgratedfcircuits, complex protection schemes

can be installed on a single panel.
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Complex protection schemes employ logic circuits.
"Logic" means the process of reasoning, ‘induction

or deductioﬁ. Suppose, several gonditions . are
imposed on a protection systemlsuch that for certain
conditions, the relay should operate, and for some

other conditions, the relay should remain st:ble ;

in such cases, logic gates can be adopted.

On the other hand, static relays havs 2 number of

limitations which must be compensated for:

(a)

)

(c)

(d)

Variation of characteristics with temperature and age
Temperature error can be eleminated by appropriste
use of thermlstors. ageing can be minimized by
pre-sosking for a number of hours in a.rglauively
higﬁ tempérétuﬁé.

Vulnerability to voltage spikes aﬁd.high ambient
temperaturés . S

Protection agaiﬁst-vblnge sbikés caﬁ'ﬁe providédA
by filters and Shieldiﬁg; 5ilicon transistors can
be used where hiﬂh terperatures are involved. -
Dcpendance upon the reliability of a large number

of small components and their elactrical 00nnections.

Modern mnthods of soldering, wire- mrapping, etc. and
the selection of superior components can ensure a

high degree of reliability.

The lack of life—test data due to rapid replacement
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by new designs.

The manufacturers -of transistors say that the
experience gained with one transistor is embodied 1in

its successor.

(e) Low short-time overloadcapaéity compared with

electromagnacic relays.
Overload must be avoided by circuit design.
(£) Anxiliary voltage fequifement.

This disadvsntage is not any importance.as~anxiliary

voltage can be obtained from station pattery supply.
(g) To introduce the relays in the power system, enough

expertise should be availeble with the manufacfurcr

~ and electricity boards as regards operation, maintenzne

ofﬁétatic fcléys.

The rélays can be introduced only when their -

rcliabilify in ﬁssur@d;the ﬁaintenance personnel

are trained and power systems are fully-'_jpr'e‘p_eq:eci_"‘E

for adoptation.

3.6, Relizbility of Static Relays

quiability-of;protective relaying is very important.
Electromagnetic relays have high reliébility, due to (1) precisior
-of masnufacturé, (2) few feliable comﬁonents in their construction
(5)'cxperiehq¢ gained .in dcsigning,.manufacturing, fcsing, and

maintenance. Static relays are in infant stage and have to prove
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their reliability. Ais the static relays have several discreée
components such as.fesistors, capacitors, semi—conduétors in
their construction, reliaBility depends ‘on reliability of these
components and; reliability of the total assembly. It is, therefor
neéessary to choose the components with great care. LBach
component should be type tested. Care should be taken in
connections, soldéring, etc. The ambient conditions!'voltage
spikes should'also be considered. " Theuée of integratzd
circuits incfeases reliability of static felays". Integrated
circuits are_much more reliable then the equivalent discrezte
component circuits. Rellablllty ofeomporents £s impyroved by
"trlC“ Quality control, presoaking the components to improve
temperature-respense. Pre-soaking of a relay means, operating
the reléy under service conditions for certaln time with currgnt

and voltage cohnected to it. With this method, bad components

-and poor'joints.céh be-detected.-
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" CHAPTER - 4

STATIC BELAY COMPONENTS ,snp TETR CHAZACTERISTICS
Electronic Devices operate either as switches or
as control devices, controlling aﬁ output current or voltage
Vin'response to an input signal. Either the switching or control
can be very rapid and can be accomplished with very little
input. energy. Since the controlled energ& may'be large, the
.concept of power gain or amplification is important. In some
cases a small ener0121ng signal may graw re*énerate into a
very large output signal from power supplied by 2 d.c. Or a.c.
power effective in performing various functions. 3ome of the
commonly used components in static-relayé are discussed

briefly in the sections that follow.

4,1, Semiconductor ;ﬁodes ' 7 O

if £ . piece of p-type metal is fused. to a piece of
N-type metal so thét the_cryétal lattice 1is continudus, the.
junction has a rectlf 7ing charcterlstlc (Fig. 4.1); itgiélso
has a non-linear resistance as shown in Fig. 4.2. Its y
resistance falls rapidly with increasing témperature'(Fig.4-3)

or the incidenceof light.

. If a source of e.m.f. is connected to tﬂe.p;n Junetion
the poiarilj shown i1f fig. 4.1, then the "spare" holes in
the P-type region are drawn easily to the neéatiﬁe_pole and
the electroﬁs are drawn from the N—typé:%b.the batterj positive

If- the barrery potential isreversed then the holes are repelled
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Anode ".-.;1 . Cathode
P ' K |

Holes
- 1 —Electrons
- _ 111 ]

Fig. 4.1, P-N Junction diode

CI _
ER
18
o
O
v
T = v
f - Reverse : . Forward
t Voltage , Voltage
I . - —_—— -
Reverse | Og\
Ereakdown ! f o
©
) > E
—— [
i MO
I o
I

Fig. 4.2, Rectification effect of P-N Juncﬁion diode
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200 mV , Ebe

Fig. 4.3. Effect of temperatue on P-N junction diode.

. P-Type  N-Type  P-Type

. “Emitter T S __Collector

Bage

'Fig. 4.4, P-NU-P transistor.

from the positive pole and 11kew1se the electrons from the
negative pole. Conséquently, little current flows-until
- such time as the electrlc stress is so hlgh that a process

51mllar to an electric discharge occurs. Hence, a Currenu
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‘characteristic for forward and reverse polority is as

shown in Figg4.2. and ‘has definite rectifying propepties.

If a double junction be made as in Fig.4.4.
a traﬁaister is formed which has even more remarkable
characteristics. A thyristor whiEh have three p—ﬁ Junctions.
Which is a special type of transistor is discussed in article

4,5, .

4.2, Zener Diode(Voltage Regulating Diode).

st

Zener diode is used for voltége stabiiization. Zéner
diedes have been developed in range of from a few volts to
several hundred volts and for power handling ability of ever
100 watts. Some reverée biesed junction diodes exhibit
breakdown at a very low reverse voltage(about 5 volts)
due'to spontﬁnaous fairs‘within the junction region from
inner electron shells. Zener - dlode can operate in reverse

breakdown mode contlnuously w1thout damage. Under reverse

. breakdown condltlon for a wide range of current the voltage

across the zener diode remalns,constant. This property is used

in voltage regulation circuits.

4.3. Junction Transistor(Bipolar Transistor) ;

, Trahsistors.are used in amplifiers, level detectors,
éiitchiﬁé circuits.

A jungtion_tranaistor has two junctions and can be
either PNP or NPN transistor as shown in Fig.4.5. In PEP
trinsistdr & N-type layer is sanwiched between two P-typo
layers. In NPN transistor & P-type layer is sandwiched

betweenrtwo N-tyﬁe
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Emitter Collector | Emitter -
\ - ) B : Collector

] [
|

Bage | Base
{
|
|
|

Emitter Collector. : _Fgltter Collector

1
|
{
|
!
1

Bdse ’ _ Base

Fig. 4,5. Transistbrs.

layers . In both the layers, the central layer should be
't?in-fdr successful operation. The central 1ayef 1s Known

85 Bése (corresponds to grid'of a triode). One of the
remaining two layers is called Emitter (Corréqunds to-
céthode,of the triode) andlthe other iayer is known as collector

j(corregponds to the.anode of the triode). For efficient

operation the emitter myst have much higher donductivity than =

the base. The arraw in the symbol represents the conventional
direction of current. For caorrect operation, emitter-base junctio

should be reversed. biased. Correct biasing is indicated in Fig.de
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The two transistors obey kirchhoff's law ;

_Fig. 4.6

Fig. 4.6. Biasing polarities and current flow

If forward bias-VBﬂ is changed the emitter current
changes changing base current and hence collector current,
Thus the through current is controlled by voltage or current
or current 1nput end the.ratlo between these currents is

such that amplification can be achieved.

Switching transistors are used in static relays.

(1) In PJD transistor, the emitter has an arrow mark

- oowards ‘the base.

PWP transistor is turned on when base is given a

positive pulse with respect to collector.
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(2) In KPN transistor, the emitter has an arrow mark

pointing outwords.

NPN transistor is turned on when base is given a

negative pulse with respect to collector.

— e

Fig. 4.7. Basic Transistor switching circuit.

Bipoiar-transistorslmay be operated in 3 différent
modes called common basé, common emitter and common collector,
Common base is used for r.f. applications, common emitter is
used for virious general purpose:amplifieré and common collector

for matching purposes.

Ailoy junction transistors have wide range of.
applications including-general purpose amplifiers, oscillators.
. There qﬁt-off frequegcy is low, being in 10 -~ 20 MHg range.
AXloy deffused transistqrs have cut-off frequency upto 300 HHF
and are used in i.f. and r.f. amplifiers, ﬁixﬁures,

oscillators, for switching line it.
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4.3.,1, OPERATION OF TRAGSISTOR3 AS Al AMPLIFIER

The amplifier amplifies the input signal. The output

0 The amplifier is more than the inpus.

The performance of a transistor can be described by
its static characteristics when connected in three different

way, viz s ‘
. 1

(2) grounded - emitter (Fig. 4.8)
(b) grounded - coliector (-Fig. 4.9)

(c) grounded - base ( Fig. 4,10) -

The most useful characteristics is the curve of
collector current versus collector voitage. This is plolled
for various values of 1b for the grounded—emittef cifcuit'
-(fig.qwll)-"oyliejfbr the grounded~ba$e circuit'(figh4-12)r
The fact{ﬁhatcﬁfrentaﬁplifieatiqn‘is lineaf, whereas
 the voltage amﬁlification dépends upon the load impedan¢e,'
means that transisfor amplifiers are linear only as current
ramplifiers;f?thefinput must be a-qurrént sourcé or the source
impedance must be high compared with the transistor input:. .

impedance if a voltage source .is used.
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400K BK
1 ] Output
O
Input
O

Fig.4.8. grounded Emitter ckt.

200K:

O I‘l ] III

" Fig4.10. grounded-base ckt.
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I,(mA) |
T,=120u
' I, =80k
e [ - b
4ry L Tyesg
I,=Opd

0 — =5 ~I0
Ve (volts)

Flg.4.11 Collector current versus collector voluages
in the grounded emltter circuit.

Te(ma) . Ic =7mA

+1 =3 =10
‘ Ve (volts)

03

- FigH.12 ollector current. versus collector voltage
in the grounded base circuit.
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‘Table

Comparison of Transistor Convections

grounded Electrode  Emitter Base Collector
Input Tlectrode Base Emitter . Base

- Current Gain High Rone High
Voltage Gain " High High None
Power Gain - ' High Medium ~ Low
Input Impedapce lMedium - Low High
Output Impedance Medium High  Low
Phase Shift 130° - o° 0°

..4.,3,1.1. GROUNDED=EMITTER AMPLIFIER

Fig.4.8.5hows a p-n-p amplifying circuit in which the
.base b%Es is obtained without a seperate battery:by means of
a leakage resistence connected to thecollectorendof the battery ;
for a.c. the base'must be bilased in the forward direction well
above the toe voltage. This éircuits is.called the grounded
ﬂqp‘¢ommon) emitter circuit ; it/ gives high current and power
gains and is the circuits most commonly used for amplification,
specially in circuits where the input impedance Zgé; as 1in the
case where output of a comparator - is to be amplified; it
presents a low inpuf_impedance,Zbé and a fairly high output

~ impedance, it causes 180° phase shift,

-
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ie
The current gain.(fS'-IE ) is not much affected

by the ldad impedance but thejpower'gain increass with
the load upto an dpfimum value where the load impedance
matches the output impedance of the transistor ; the

voltage gain is high becuuse the input voltage is only

the base-emitter drop ; this also contributes to the

power ain.

The collector resistance for a given value of
. g - Ve o i
is Vo= ¥ when Ib = O, the lakage current Ico/ (1-o¢)
flows in the collector and increases slightly with

increasing voltage.

4,3.1.2¢ GROUNDED-COLLECTOR AMPLIFIER.

FigM4.9. shows the groﬁnded ( or common) collector

circﬁit. Whén,the transistor bgcomes_condpctive the current

throﬁgh fﬁe outbﬁt impedance redupés‘the voitage between
the emitter and the base, providing a limiting'actionrlike
negative féedback; this stabilies the d.c. working poipt
but does not affect the a.c. amplification if a swmall capaéitor
is connected across the output, as shown in Fig. 4.9. 1t has
about the sume current gain as the grounded-emitter circuit
but tﬁe voltage gain is negligible because the droﬁ acToss
the output is also the input circuit, hence the power gain

is small,
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- The input impedence is high and the output
ilmpedance is low ; hence this cireui® can be used as
a matching stage to.match the high output impedance
of one grounded-emitter amplifier stage to the low

input impedance of another. It has no phase shift.

4,3,1.3, GROUNDED-BAGE AMPLIFIER

Fig-4,10.shows a grounded (or common ) base -
amplifier. This has a very low input impedance and a
high output impedance. If given no current amplification
with d.C.; the-ampiification is snall with a.c.  and
depends upon the position of the ic/ié trensfer curve ;
hence it.; is no good for R-C amplifiers but can be used
Tor power amplification with transformer coupling. It has
no phase revereal.énd.is temperature stable. |

'The_static charecteristics is as shown in Fig.4. 12
The collector re515uenceW@ = Vc/£c is generally greater

-

than A megohm.

_These are alelrlerS which have gerg frequency as
the lower band limit to retain the initial displacements,
d.c. components and low freqguency transient offsets that
may accompany'the 8.,C. and time-varying signals.rIt is not

possible to use reactiwé.coupling elements to ‘seperate signals
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and bies quantities. Any drift in the quiescent operating

" values can not be distinguished from singals‘ﬁhichiare.to

. be aﬁplified. Direct-coupled amplifiefs,'therfore, have special
problems in long time stability. The main reasons for the

drift ( a slow variation of the output voltage and current

of the amplifier when the input signal is maintained at a
constant level) are (i) variation of emitter %o base voltage,
(ii) variation in the  ‘gain of the transistor, and (iii)

Ain ‘the power supply voltage . Temperature variation
variationais one of the main causes of these variation. There
are numerous compensation techniques for the.temperature .

The principal feature of interest in.di?ect coupled amplifiers
is theit ability to amplify signals ranging from d.c. to a

fregquency of many megzahetz,

‘4,4, . The Field-Effect Transistor (FET)

The field-effect transistor(FET) is a unipolar

‘device as compared to bipolar transistor. Tt consists of .
a bar oﬁ semiconductor material whose feSistance is
modulated by varying either the cross-sectional area of the
ba; or the density of current carriers in it, or both, by
some eiectfieal means. Two structures are use., One is 2
an all-junction device in which the controlled modulation
involves only the cross-section of the conducting channel.
This is dsually called junction FET. The other structure,
called an insulated-gate FEf(IGFET).or metal-oxide silicon
FET (MOSFET) involves modulation of both the channel cross—

section and the density of current carrier in it.



Junction FET is illustrated in cross-section in
.. TFig. 4,13, 4n N-type bar of germanium is flanked by two
regions of P-type germanium, The conduction current to

be modulated is carried between the end of N-type bar.

v

. , , | .
-O J -
Irput(gate) _ .
' ' : T ;
Source

N Z - N - :
b ) Cutput(drain) LS

() | (b)

o]
+
.t‘ (7]

Fig. 4,13, (a) A cross—sectional view of junction
o inN-channel FET dev1ce, (bg Symbolic

e o T I‘ep;. esentdtlon- '_.___'___'-- . R A'_;_;,»:

The cross-sectional area available for conduction betwéen'

the two P-type reglons is a functlon of the magnluude of the
reverse bilas beuween the two P-type reglons and -the n-type

bar. The input-impedanée of this de&ice is quite high, and

the output impedance is moderately . high. This type of

device shows less internal feedback'betweeﬁ the input and

output than‘the—conventional “transistor. ﬁypical characteristics

curVeé of junction FET are shown in Fig.4 14, It has

characteristics similar to pentode tube. 4 few voltage
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I;(mA)
7 Vg=0
61
51 =15
4!
Al -30
_ 1L

20 40 60 +V,
Fig.4.14. Typical junction FET charecteristics.

negative bias on the gate blocks the current between
drain and source by vertue of the field effect.

4,4.1. THE FET A5 A SWITCH

-At low freqﬁencies the FET has no offset voltage.
fhere ié no .threshold reguired of the signal being switched.
‘In an ﬁrdiﬁary-biﬁolar tfaﬁsistér the signal being switched.
must exceed the voltage of the knee in the forﬁard diéde
characteristic of the collector before thére is apprciable
.signai through the switéh in the on state. Here the channel}
whén opened by the gate, is a 1inear resistance réQuiring'
 pe such threshold. At a high‘ffeQuency of switching there
" is a current due to the fapid chargiﬁg and discharging of
thé cate capacitance through the chamnel, creating an IR

drop in the channel which acts like an offset voltage.
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4,5. Thristor (5CR)

The stfucturé of thyristor consists 6f four
alternate P-and N-{ype layers. In the thyristor (also called
a2 silicon controlled rectifier - 3CR) connections are made
available to the inner layers. It acts like two transistors
in tandem, one pnp and another non. Fig.4415. shows the -

circuit symbok for the SCR.

Anode . o

' Anod
i O : ’
P

N

Gate P

N- N

I Gate _ Cathode

Cathode .
 Fig.4.15. Circuit symbol for SCR.

-

The usefulness of the gate.terminal'fests on the
fact the current introduced into the gate may be used
to control the anode to cathode breakover voltage.Inifigfﬂklé.
the volt-ampere charecteristics of an SCR is showﬁ for |
various gate currents. It can be observed that the fiping

voltage is a function of the gate current, decreasing with -

increasing gate current and increasing when the gate current
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Fig.4.16.Volt—ampere characteristics of an SCR.

is negative andcomsequently a direction to reverge-
bias the cathode'jnnction. The current after’breakdown nay
well be large by a factor of 4000 than the current before
breakdown. when the gate current is very 1anpe, breakdown

may occur at so 1ow a voltage that the characterlstlc thus

“the appearance of a simple pn diode.

Suppbse that a supply VOltage is applied threugh
a_load resitor between anode -and chathode_ofu:a SCR;.Consider
that the bias is euch that the applied voltage is.lees than
~ breakover voltage. Then the rectifier will remain off and
may be turned on by the application of the- ‘gate by a triggering
current or voltage adequate to lower the breakdver voltage to
less than the applied voltage. The rectlller having beﬁn
turned on,iit fatches and it is.found‘to'be impractical to
stop the conduction by reverse-biasing the gate. For Exanple,
it maﬁ well be that the reverse gate current for turn off is

nearly equal to the anode current.

e




Because of its high speed a tJyriétor 1s easily
triggered by a small foitage gignal {5v, 0.1 mA). To prevent
wrong operation it is customary to design the circuit so
. that the fripping signal will not trigger the:thyristor
unless it lasts for at least 2 msec. This prevents operation
on interference spikes since they are momentary in nature

( in order of/ﬁksec.)

Thyristors céan be used in severl applications such as
controlled .rectifiers, motor control circuits, temperature

control devices,. a.c./ d.c. switch circuits, inverters, etc.

4e6¢  Unijunction Transistor (UJT)

It is a three terminal device with only one pn—jﬁnction.
It is made'hp of N-fype silicon wafer héving two base controls
,andfa P—typelalioy junction-whiéh écts as emitter electrode.
In hormal operation the lower ohmic qonfact (basé; B%) is
érounded. If the emitter junction is left dpég.éircuited,
the voltage between B,.| and B2 sets up a current propertional
to the conductance of the wafer. The base B, is made positive
with respect to B, by voltage Vgp and fraction of this -
'vdltage appears betweensthe emitter & and Bq._Under the
conditions of mo current in the emitter, the TJT between'Bq‘
and B A

2
the interbase resistence Rpge At 25°¢ this resistance lies

has characteristics of an ordinary resistance called

between 4 to 10kohm. and increases linearly with temperature
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upto about 140°C. The normal biasing conditions Tor the

UJT and its symbol are indicated in Tig.4,17, If Vg

applied is less than - Vg » the emitter will be reversed
. biased and only leakagé current will flow. If V5 is

grester than Va3 the junction becomes forward biased and

large emitter current flows with a low forward voltage drop

between emitter Bq.

The characteristics show fhat there is a large
negative resitance region for fast switbhing éction. The
use of UJT is in generating trigger input of. SCR_. Tor
such an application, the basic circuit of Fig.q,ia,is used ,

The capacitor Ci cherge through R, until Ve feaches the

Base-two : S { B2
. . 32 ——]—+
e —j
Eo
N VBB
v - - . |

B1 . ) l ] ‘_.,.31 __'_-.

—— - Basé-oﬁe v S :
(E) EB1L | .o (b)
18.7v_

ENd

o (e) . ,
Fige4.17.The unijunction transistor (UJT). (a) the
constraction, (b) the symbol for the device {(c) the
V-I characteristics at the emitter terminal.



peak point voltage Vp, when the UJT triggers and diSchargés

C1 through R, . When VE reaches a low value, perpaps 2v, the

3
1 . :
capacitor can no longer supply the necessary emitter-base

current, and UJT turmes off. Base reszitor Ry provides an
' 1 :
output voltage pulse during the very short high-current

‘fd* V1 _th

Ve

© e SCR gate-9
o L | -~ Vs,
T By |
1
1 1

K¢

a) - (b)
Fig.4, 18, 'Triggering'SCR with UJT.

transiton through the negative resistence region as shown.

in Fig.q;lgb, This pulse is coupled to the gate of an associated

SCR and provides precise triggering.

1

4,7. ___Triac

The -output element of a static relay can be a"Triac!

Triac is a further development of SCR. Thyristor (S%R) conducts
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only in one direction (D.C) when a positionpulee is applied

to its patey and conducts until the D.C. supply is -interrupted.
Triac is bi-directional device aﬁd passes‘currént in eifher
direction (4.C.) when triggered by either positive or negative
ééte signal. Once turned on, the triac conducts till the

load current falls to Zero. In D. C. circuit load current

should be switched off by an apgiliary switch. In A.C. circuit

- load current reaches zero twice in a cycle.

With signal continuously present on the gate, the
triac automatically turns on and off at the beginning and
end of each half cjcle. Thus the period of conduction is

almost a complete cycle.

Since SCR and Triac cuts-off at current zero, there

is no problem of switching over—voltages and radio-interference.

4.,8.  ‘Thermistors

Thermistors are used for temperature measuruments,
temperature compension cirquité; The;typeliﬁclude negative—'
temperature co-efficient thermistors and’poéitior temperature -
~co-efficient thermistor. The resistance of an n.t.c.

thermistor decreases with the increase in temperature.

4.9. _ Static Rélays with Integrated Circuits

The hybrid IC's have resitance, capacitance,
semi~conducting,'and insulating materials'on'a'passive

or a putral . base such as glass or ceramic by process of

dlffu51on plntlng /doping. These are not truely ¥



monolithic IC's, but a step towards IC's,

Truely monolithie IC has abaisé electronic ecircuit
(with its passive elements such as resistors, capacitors
and active elements such as diodes, and transistors) in a

single piece of silicon wafer (chip). The entirTe circuit

is formed in a single manufacturing process.

A single silicon wafer of about 25 mm diameter can
accommodate about ten to hundred IC's made~simuitaneously,
‘the number depending upon the compieiitj and size of the
individual circuits. The individual IC's are then seperated.
To give an idea, a.completeIG comprising about 12 treneistors
and associatéd resistors can be accommodated on a 1.3 .
The IC package containing this circuit and terminals will be
about 15 mm2.-

_ Such a clrcult is known as Integrated Circuit (IC)..
Integrated circuits for common functlons are manufactured _
on large scale as per 1nternat10na1 standards. Standard
IC's are commercially available. Integrated circuits can
be breadiy divided in two categories.

- Aualogue

- Bigitel

Analogue IC's operate-en continuous signal and linear

range. They are used malnly in operational amplifiers,

I
i

oeclllatore, regﬁlators, etc. They find appllcatlon in
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functional circuits. Digital IC's are principally used as
switching units which perform on/off functions. These
IC's do not reouire precise components like analogue IC's.
Hence Digital IC's are easier and cheaper to manufacture

and are preferred in wide range of applications such as

binary logic circuits, switching gates etc.

.The digital systems are based on pulse and pulse
chain inputs. They are used inlogic circuits. Logic circuits

are being increasingly, used in protective relaying.

Monolithic techniques are used to nake Ics(Integrated
Cirouite). A monolithic circuits is contained-within a single
crystal. The advantages of integrated circuits ‘compared w1th'
dlscrete c1rcu1ts(c1rcu1ts vhere various seperate components

are connected to form the c1rou1t) 1ncludee.

(a) ngher total re11ab111ty as number of soldered
points 13 reduced ‘ |
(b) Smaller dimensions
(e) Generally lower price
(4) ngh staolllty due to unlform temperature in the
: monollthlc clrcult.

-(e) Design is simplified.
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4.10.- Logic Circuits

The concept of static relaying can be better

" understood by considering the "logic" operations performed
by thé diviées rather than the actual happenings- that occar
during their operation. This ﬁakes complex static relay
operation also simple, because the interest then is only on
"what" happens rather thanl“how“ its happens, and the "logic"
part of the operation is independent of divices used to

realize the events ﬂictated{ by the logic.

Basically, all relays are "bigtable dévices",ie. they
have two stable states ; either they operate or they do not
operate. Consequently Boolean algebra can be applied to study
and anﬁlized protectién séhemés consisfing of & number of
rélays. Usi@g thesé'techniques simplified block schemes can
be drawn according to the 1ogica1,functions‘perfdrmed by the

various units.

In & &,c. or level-logic, system a bit is implementéd
asrone of two foltage levels. The more positive voitage is
the 1 level aﬁd the othér is the O lével, the system is said
to employ.d.c. negative logic system is one which degignates
the moTe ngggtiVe ioltage state of thé bitras the 1 level
and the more positive as the O level positive logic is usually

forlowed.
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' CHAPTER - 5

CIRCUITS COMMONLY USED TO STATIC RELAYS
AND THEIR PRINCIPLE OF OPERATION,

5.1¢ Auxiliary Voltage Supply for Static Relays.

The static relays require auxiliary d.c. supply ;
which is generally obtained from station battery;system.
- The stétion battery system is niso used for other purposes
such as tripping, control, efc. Most static relajs require
various auxiliary d.c. voltage between 24V to 240§ d.c. The
voltage stabilizers are used in the circuits of relays. The
disadvantages of using station battery system for auxiliary

d.c. voltage supply to static relays are the followings:

" - Voltage tran31ents are lntroduced by openlng of
1nduct1ve clrcults connected to the same battery
supply (trlp clrcult for example) These voltage
‘surges can damage the statlc relays. Hence speclal

- precantlons are taken to design the_statlc relaya

to absorb such transients.

' - The battery voltage is generally high, e.g. 250v,
this causes nigher power losses in volt-ratio boxes

used in static relays to get the reduced voltage.

To avoid these dlfflcultles, the d.c. to d.c. converter
is used. The statlon battery voltage is converted to a.c.,

then transformed and then rcctlfled.
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The d.c./a.c. converters are self contained units.
The voltages are converted generally from 220v d.c. to about
50v d.c. The converters are of enough ratings to supply the

requirements of several relays.

In some cases, nickel—gadmium battery éuppliea are
used for supplying static relays. These batteries are tricle
charged from rectified a.c. source obtained from main potential

transformers.

In some static relays normal a.c. voltage is stepped
down in the built-in auxiliary transformers -in the relays,

then rectified, established and smoothed.

We have used these for the auxiliary voltage supply

for the static relays:

5.2,_-'Rectifi§ation
‘ An electric dé-vices;_'_ﬁbich has a high resistance to
-cufrent in onerdirecfion and a low.resistance ﬁo-current

in 0ppo$ite diréctioﬁ posééses'the abilify to convert'ﬂnf»'~
alternating current into a current which contains a d.c.
comppqént‘in addition to a.c. component. Such a device is
called rectifier and the procesé done by the device ig
called rectification. For a sinusoidal input wave form
(where average value is zero) this devicés is capable of
cénverting it:: into the unidirectional wave form with a

non-zero aversage component,.
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Fo; the process of rectificatioﬁ, fhe rectifying
~ devices available are (a) semicoﬁdﬁ’dtor diodes (b) Vacuuin
diodes, and (c) Gas filled diodes, the important. rectifiers
for power purposes fgll into these general greups depending
on their inhertnt. characteristics. The vacuum diode to use
ag a rectifier, posseses an infinite resistance on the inverse
cycle, as the tube will not conduct when the plate is negative
~ with respect to the cathode. | On .the forwaré or conducting |
portion of thé cycle the Vacuuﬁ-diode is charactgrised by an
almost.constant and low value of resistance. The gas or vapour -
rectifiers also posseses an infinite resistance in the inverse
cycle but they.are charactersed by substantiallyﬂ constant
tube drop during éonduction. Owing to the differences, the
résuiting operation in a circuit in slightly different.

' In'o;r thesis;work"semoconductor Junction diodes are
used for réctification.-The volt-ampere characteristics of
an ideal semi-condﬁctor diode_(P-N junction diode) is shown
is Fig. 4.2. Theléurve shows that at negative volfage il.€.
- when the voltége.is appiied in the refersé direction the
‘diode is reversed biased and the reverse current I soon
: feaches its saturation vélue ;é' Also_ﬁhen the diode is-forward

bissed, there is rapid increase in forward current.

According to ‘rectified wave shape, two types of
rectifier circuit arrangements are possible, theyf are
(1) Circuit for half-wave,fectification_

(2) Circuit for full-wave rectification.



The simplest single phase recfifier ciréuit is &
half-wave circuit. A variety of other rectifier ciréuits
exists which find wide~spread usé. Among these are bridge
rectifier circuits. The bridge circuit finds extensive use

both as a power rectifier and as the rectifying system in

o A.C, o
rectlflgr type a.cﬁ ?eter. _ t{ Source |
!
Ry, ‘ix.
.Fige. 5.1, Half-wave rectifier Flg. 5.2+ Full-wave rectifier

circuit. c1rcu1t. )

For ﬁ;;ctical purpose, épecially in our thesis work,
the full waveubridge circuit as shéwn ip Fig. 5.2 is used.
The half wave.recfifiericircﬁit (Fige5.1) is_ﬁbfA used for
it has certain ‘drawbacks: (i) execgssife riﬁplerin.the output
voltage produced by the a.c. componeﬁt.(E) inédequate utilisatior
of traqsformer which is uséd to obtain a.c. voltage of the
| magnitﬁde .carresponds 'to the required rectified voitage-
level. The diqdes are connected in such a way that during
one halfnof the cycle, current passes through one pair of
diodes and during the other half cycle, it passes through
the other pair of diodes in the dipectioﬁ'gé shown in Fig.5.2.
- The load current iy . flows in the same direction. . 7



- 55-

22
e; = voltage across
(o) secoundary winding
L& -
. 1 .
1 ) N S, iy = Current through
| \ t secoundary winding
| I
B |
i %0 | | s
1 1,
P i : : e,= voltage across load
i i :
) | \! : 12 = Current through load
i I-'——-—---t

Figs 5.3.(a) Voltage and current in secoundary winding

(b) Voltage and current in 1load..

Let the transformer voltage, e, = 2E,Sinwt

‘therefore, average rectified voltage,
‘ T 3 .l

Ep = 7] ESin wt d(w‘c?ﬂ

[
N ' 2E '
i.e. : 2 2 -
o Eir.n;s. 0 1n(wt) d(“t) T
2 J"
. ELnax IT7 2 0. 9E2
Average rectified current, I, = E; and the

RL,
average currentrthrough the diode for Bjmmetrical circuit

is T = 1
‘ -

In the bridge'circuit the inverse voltage is

determined by phase voltage. Since, the diode in a given
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half-cycle is connected directly to the secondary winding
of the transformer via the other working diodeg, its voltage

drop can be neglected

Therefore, Eomax

By max J—' 2

5.3. Smoothing circuits

The rectification circuits described earlier prove an
unidirectional output that ma5 oe regarded as a direct
component on which is ﬁuperimposedf some alternating higher
‘harmonic component called ripples. The ripples. are commonly
determined by the greatest defference between the intantaneous
voltage values and average value of'the output voltage or by .
" the ratlo of the most;pronounced harmonic component to the
average value of the voltage or current. These are undeslrable

and in many cases detract from the performance of a circuits

Varlous circuits are used to smooth the unidirectional
output. Rigorous analy31s of the action of such a smoothlng
circuits is Eedlus, but an approxlmate analysis is p0331b1e
by assumlng (a) the supply circuit flows for a small fractlon
~of the cycle, (b) the time of discharge is very much less than
the time constant RIQ of the load resitor and the smoothlng

capacitor,

‘The explicit expression of current in a half-wave

rectifier circuit is glven by the Fourier's serlest ‘ :
1 2 coskwt : _ (1)
'I‘[“z‘sm“t-"" K+ k-'1]. (1)

- T Ke2,B.6, ool _
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The corresponding Fourier series.répresentation
of the outpuf of the full-wave réctifier may be derived from
eqn. (1). By recalling that the full-wave circuit comprises
two half-wave circuits which are so arranged that one circuit
- 18 operating during the interﬁal when the other is not
operating, Therefore, the currents are functionally related
by - . ,kl ) .,
() e (ots T)
Therefore, total load current is -

. 2 = 4 coskﬁt — epeceneess (2)
1L=Imr-—r——-rr -(_Wk-i- _J ’ .

k = 2,4,6‘ ses e s

‘where, Im = Em y BEm = Max. value of transformer
T, Bt S

P 7 potential measured.
. - R -
Rectified | |
Catput =1 S
o T ¢ .1 %

e

Fig. 5.4. R-C Pilter circuit.

.A comparison of equation (1N and (2) indicates that
the fundamental anguler frequency térm has been eleminated
in the fﬁll-whve circuif,-ﬁhe lowest hermonic term in the
butput being 2w, a secondzﬁermonic term. In order to by pass
theée hermonic components we used a T{~ section R-C filter
as shown in Fig. 5.4. | | | R
| The capacifor,voltage Vc1 and the recfified output

voltage is shown in Fig, 2+5. Discharge of the ;

~ S .
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capa01tor begins when voltage Vc1 and the rectlfled output
voltage becomes equal. During the discharge perlod capacltor
current flous-through the load resistence RL' By putting an
smmeter in series arm of the ‘T7 - section filter circuit

it  has been gbserved that the current flowing through this

new ammeter is the same as loay current which is.a part of

" Suppl - :
. voggage | Load voltage

with capaci-
tor

capacitor

Flg 5.5, Wave forms for full-wave rectlflcatlon with
. gimple capacitor smoothing.

" the observatiqn in design and actually it:- should be. The

function of té ig to by pass the a.c. components and for d.c.
it is open circuited, so that the same current flows through

the load.

The operation of the inductor filter depends 1n the
fundamental property of an inductor to oppoae any change of

current. As a result, any sudden change that might occur in
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a circuit without an inductor are émoothed-out by the

: presence of an.inductor in the circuit‘ The inductor

offers a high series impedence for the hermonic terms and

the capacitor offers a low shunt impedance to them; The
resulting current through the load is smoothed out much

more efficiently than with either L or C élone in the

circuit., The circuit used is ar in Fig. 5.6. for the rectificati-

and smoothing.

— 0=

Fig. 5.6. Smoothing circuit for d.c. supply.

5.4. Voltage Stabilization;py Zenar Dicde.

~ Zener diode is used for voltage stabiliiatidn
Fig. 5.7. illustrates the method of stabilizing the output
- voltage of a rectifier bridge by mean of Zener diode, Zenmer

- diode is connected for reverse current flow. An improved



‘stabilization is obtained by cascade connection of zener

‘diode, Fig. 5.8.

L .
- ——; —0 +
B Conetant
D.C., supply
—-C Ay
Zenel/
Diode B
o -
O —— SN —a 0 - -
Fig. 5.7. voltage stabilization by zener diode.
_ e — e ———o*

= I X
ZERMER : '
DiopE

N
v

CO--— SN —e= 0

Fig. 5.8. Use of zener diodes in cascade.

The voltage across the zener diode remains constant '
over a wide range of current, The bias of the ¢ircuits in the
static'relay should be held  constant. Zener diode is used

for this purpbse.
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5.5. Time Delay Circuits

A variety of time delay circuits are available such
8s delay lines, resonant circuits, RC circuits, timer circuts

employing transistors, tkermistors, etc.

For very shopt delays Sgs) a delay line is generally
used (Fig. 5.9). For medium delays (mS) a resonant circuit
is common (Eig.5.10). For longer delays (seconds) R=C circuits
can be used (Fig. 5.11). Because of thé small magnitudes of
the currents in transistors-circuits; a delayrof minutes can
be oﬁtained with & few microforads. With téntalum capacitors
of a few hundred microforads, delays of severél'houns are
practical. Such R-C circuits are used in time-current relays

and’industfigl timers. -

AW A AT AMA —
" d.c. input _ J___ J__ _ i _ . Delayed
- signal : 1‘ , *[ T~ T T = output

O—

Fig. 5.9. Equivalent circuit of & delay line.
L ny

T

Input - -

Fig. 5.10. Basic millisecond time-delay circuit.
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O'\C

d.c. Supply ¢ —
-0

Fig. 5.11.'Basic long-line delay circuit.

Considering & gimple time delay circuit as in Fig.5.12.7
When d.c. e.m.f, (E) is applied tq a capacitor, the voltage
across the capacitbr (Vc) does not increase instentaneously.
Initially it is-Zero,'The vdltage incfeases exponentially,

given by
-
Ve =E (1 - Rc )

where, E = d.c. e.m.f.
Yc= Voltage across Eapacitor.

Re= Pr = time constant of RC circuit.
‘R '

- —ANAA = ‘ - + :
T | : - %
- R
{0, E=0 c =E(1-
1::-0: E=E | c~E(l-e )

e

oy
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At t = 0, vhen e.n.f. is applied,
Ve =E(1-e"°)=0

At t = T« tine constant

- - VewmE(1-e"1)ao0.63E

The charging time from t = o, at Vc = 0 to t = Tc

at Ve = ¥t is given by,
E
Tc = RC loge {j iTTTTﬁF{]'

Hence time delay given by the time-dflay-circuit
is given by the above expression. By varying the values of
R,C the charging time of the capacitor can be varied without
difficulties (Fig;5.13). The basic R, G circuit can also
arranged in several serles parallel comblnatlons to charge

‘equlvalent value of R and 'f

Applled voltage

i
|
l
|
I
|
!
|
!
I

tzo B " ' tntc
e Time

Fig. 5.13 Charaéteristics of time circuit.



5¢5.1, Instantaneous Characteristics.

By omitting the time delay circuit or the capacitor,
the relay can be made instantaneous for there is no moving
parts in the static relay, By adjustment‘of the time-delay
circuit, the operating time of the order of 1 cycle or 0,02

Beconds e¢an be achieved in static relays.

5+6..  Level Detector.

A level détector is a functional circuit in & protective
reléy which dtermines the level of its inputs with refereuce
to apredetermiﬁed setting or output. When the input I -exceeds
the level L, the output O of the level detectorexceeds and the
output stage of the relay gets a trlggerlng 31gnal via an

amplifier as shown in Fig. 5.14.

: Level Amplifier Relay
I Detector | P © pIipping
y— A Circuit

L(Level)

0 %
Flg.S 14,Explain 1eve1 detector (when 1n§ut I exceeods
level L, the output O-increases ,

Uhen input I is below a certaln level the output

K

i negllglbly small.

The input level through the level detector goes to the
iy

output-level as in the Fig. 5.14., IL the.iﬁbut current

~
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is considered as the input voltage in the level detector
and it is changes to the ontput voltage previously determined
if it:. passes through the level detector. So the level

detector may be considered an amplifier.

5.7 Amplifier

The pulse iﬁ the input of the amplifier to trip the
feiay circuit is éAdirect current pulse, because rectifier
is connectéd beforé'thegievel detector. The very low cuﬁoff
frequency or zero frequency required for suc@ aﬁ-amplifier
may eliminate capacitive or transformer coupling from practical
consideration and leave only direct coupling as a feasible
~8olution. There are four types of direct coupléd emplifiers
a8’ (1) D&rllngton connections, (2) npn -pnp arreangements,

- (3) dlfferentlal ampllflers, and (4) the cascode confxguratlon

5.2.1 Darliqgton Cohnection;

One method of direct coupling bipolar transistors,
known as Darlington connection as in Fig. 5.15. In this

arrangement the emitter current of Tl is the base current of

) - oo ! ] IG . . 7 ’ .
IB . '
"By 7 lI
. T1 02
I - T,
E,"————,— -

Fig. 5.15. Derlington Connection. : =
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T,. If is small, i; = +1)i, end i, = i e
2 &’ 5y = (f ) in, o, = [Cals,

Then the ratio lc2 / 1B,]' ([QJ + l)F)?' + The current icq'

adds to iC2 in the load resistence, but if fgz,is large, iclu
is negligible and the total amplification factor is
approximately the product /5.,@2_. Three transistors are
sometimes used in the Darlington connection to produce a .

current gain approximately equal to(ﬂfb a

5.7.2. npn - pnp Combinations.

A d,c. amplifier can be constructed b& alternating
npn and pnp types as shown in Fig; 5.16«. This émplifier is
diode stabilized and the input voltage is assume to provide
forward bies for the transistors. It is abserved that the
collector current of trangistor T, is the base current of
transisot T,. Therefore iﬁput.impedance of transistor T, is
much lower aﬁd the voltage gain much higher for this.

amplifier as compared with the Darlington amplifier,

b

—(TSn, | !

| S Y

'Fig. 5.16. An npn -pnp d.c. amplifier.
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5,7.3, Differential Amplifiers

The function of the differential amblifier is to
- amplify the difference between two signals. In ideal

differential amplifier the output signal Vo is given by
where, AD ig the gain of the defferential amplifier.

In general the output depends not only upon the defference

gignal Vd of the two signals, but also upon the average level,

called common mode signal, V¢, where, .
Vd = Vy- V, and Vo = L, +v,)
V10 o
. y o
Vo : 2 " C Vo AD vd
20— '

Fig.5.17. Differential Amplifier shown as block
: diagram. B '

The output of the Fig. 5.17. can.be-expressed as &

linear combination of the two input voltages.

Vo = AV, + A, V,
where, V1 = Ve + %'Vd
V, = Ve -+ Vd
g = Ve -3
e Vo =% (A= Ay) Vd + (Ag + A, ) Ve

= Ad Vd + Ac Ve



The voltage gain for the differential signal is
Ad and that for the common mode signal is Ac., A quantity
called the common mode rijection ratio which serves as a

figure of marit for a differential amplifier is () = Ad/Ac

+ Vee

Fig. 5.18, Differential Amplifier.

If the input voltage Vi, = V4, and oppesite in phase,

the collector current of Td might increase in which case an
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identical increase will occur in the current of T, » The
result will be a differdnde voltage Vo, - Vo, . If the
input signals are amplified and in phase, output voltage

will be equal.

Common mode signal being caused by hum pick up or
other interference causeés the transistor circuits to raise
the voltage drop across R raises . This represents negative
feedback and reduces the galn for the common mode gignale.
Differential mode signals are not affectéd by the emitter
resistance since the current through the trénsistor raises
while that the other tre?xasiatfer-.falls-‘by an equ-al amount ;
the current in RE~remains constant for differential signals.
It is usually de51red that the difference mode signal be
ampllfled and the ‘common mode signal is suppressed, 80 a

~ high wvalue of RE.ls de31rab1e.

5.7.4. The‘Gascode Amplifier

An.amplifier configyration somewhat related to the
unbalanced diffefential'amplifier. This confignration is
known as " cascode " amplifier. Usually, operation from a
slngle power: supply is de51rable go the confignration
shown in Fig. 5.19(b) is used. In this form Flg. 5. 19(b),
the . resitors R3 and By maintain the base of transistcr
T, at a d.c..potential above OV. The capacitor C i=s normally
. connected from the base of transistor_Té to ground to remove
any.signals which may be Sapacitiyely coupled into this

base circuit,
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Vee

|

@

Al

o = Vece

Fig. 5.19. A cascode
amplifier , (a) two

power supply confignratio

(b) One power supply

confignration.
o Vee
Re
By
"j% -
= &
v (b)
[ ’ °
i )

—
r——
—

Electrically, the cascode amplirier is essentially

an unbalanced'differential-amplifier with the common-collector

— T ——
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Btage feplaced.by a common-emitter stage. Of course the
load on the common-emitter stage is #ery low(the input
impedance of the emitter of T, ) so the voltage gain of

this stage is very low.

We have considered the differential ampiifier of
the unbélanced type. Because it is for the relay or comperator
to function for a signal higher thar a particular value.
That is it is to differentiate the values. Again it is of
good thermal stability. The circuit is used as in Fig. 5.20.
where the V, is removed and the base of T, is grounded for
the one directional flow of cufrent. That is Vé = 0 and

V1 - Vé- V,.|

+

V¢C‘
R
% 2
T,
¥4 I Vo $
Ry . . ,

= | o= Vee = =3

——rr prieniy——
- —

Fig. 5.20. Differential Unbalanced amplifier.
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This amplifier ( Fig. 5.20) in used both for the
power amplifier to operate the relay and for the level

detector in ‘'our static relay,

S.8. Basic Principle of Static Overcurrent Relays. | - b

The functional blocks in a singlé actuating quantity
over current relay which we considerd in our work is shown

in Fig., 5.21.

Anxiliary'Power'Supply

Line : '
: Regulated
Supply
LT Current Recti- Filter Leve iming Level Ampli- TTipping
Setting fier Detec— Circuit Detec~ fier, Relay '
. o tor 1 tor-2 _

Fig. 5.21. Block diagram of sthticéTime-long
- Overcurrent Relay.

The current ratio of CT is selected by uﬁsidering
the probable primary current in CT by the line to be
protected. It is different for different location of

protection scheme,

The current setting is to achieve suitable limitation
for thp static relay, Because gemiconductor material can
_"not withstand for higher current ratings. It is suitabie
J for maximum 1 ampere, This is done by tapping the secoundary

of CT to a low resistance resistor ﬁith'high current rétings.

Wynm +h o+ st L o4 - .
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The current rectified in fullwave rectifier .and
is smoothenéd in smoothing circuit domprising resistors
or inductors end capcitors. The smoothing circuit eleminates
the ripple in the output wave-form of the rectifier. The output
of rectifier is propertional to the r.m.s. value of input

a,¢c, waveforn,

‘The output'of rectifier is supplied to level detector.

In time-overcurrent relay, the rectifier output is -
supplied to level detector - 1 and a timing circuit is added

in betﬁeen the level detector-1 and level dé%ector -2

The output of level detector is amplified ip amplifier,
The outbut of amplifier is given to output stage of static
relay. The amplifier amplifies the signals from the level
détéctor, . | ' |

The dutput of st&fié overcurrent relay_is considered

attracted armeture type eleétromagnet.

The auxiliary d.c. supply is necessary for level
detéctors, émplifiers. It is from an auxiliary a.c. supply
andtheu.regulated it to the voltage desired by the level

- detectors and the amplifier.
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CHAPTER -6

DESIGN AND CONSTRUCTIONAL FEATURES OF THE DIFFERENT |
- BLOCKS OR MODELS USED IN THE STATIC TIME~LAG OVERGURRENT
RELAY,

6.1. Current Transformer (CT).

The CT is selected of the specification ag
05/3KV, 5VA, 50 HZ.
~ Primary: 15, 50, 100, 150, 200, 500, 400, €00, 800 4,

‘Secondary : 5 A. with different types of connections
shown in the connection dlagrams in
Flg. 6010

©.2. Current Setting

Thé secondary of the GT.should be alway closed. For
thé semicondﬁctor materials in the-électronic relaj small
smounts of current (maxlmum 1 ampere) is requlred For the
defferent settlng of current from the secondary of CT, a
voltage connection is taken across a resistor. The resistor

that have its ratings: 1.0 ohm, 15A. . =

Fho

4 connections are considered: full, of full, %

the total and ,} of the full.

CT secondary current is 5A amp.
voltage in full across the resistor = 5 X 1,0

-  5.0 V.
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) Connection diagram of CT. _
Gurrent Primary Secondary THig.
"Ratio Connection Connection ‘
15/5 K-L1 ' k-1 a
) )
%30/5 K-L2 k-1 b
R e — 100/5 6 turns K-l ¢
- ingide
150/5 4 " k-1 ; a
200/5 3 " K-l : e
300/5 2 ° k-1 ; £
no0/5 2 " KeDg (1=K 1 g
shorted)
600/5 1 " K=l h
goo/s 14" keLq(1-K i
ahorged)
;
3
-
f

by s }3

te

Fige. 6.1. Connection diagrams of CT.

PRI ety

&

[
g _i )

L

b
LY
TRl
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6.3. Rectifier, -
Bectified d.c. valwe is approximately-eqﬁal to
a.c. (r.m.s) value.

~ .. Maximum output d.c. voltage = 5.0 V

S0 diodes of the Fig. 5.2 for rectification is
. gelected in much higher, specification so that it.. can

withstand in all operating'conditions.

6.4. -~ Smoothing Circuit.
As in Fig. 5.6., considering the values as

Cq= Gy = lQ/ff' of voltage 160 V.

L = 0.65 h one available in the market. Which can
withstnad the specified values. |
If the load resistance 32‘5_10 kohm

TR

-,,.-" " I‘ippléiactog;ip%rr = 'Q,. ‘1?6 .

1

)

(314 X 10 X 10 )2

=0.476 . ,
314 X 0.65 X 10 X 107
7‘-- O . 0086 - r

- Which may be taken as in consideration.
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Ge5. Voltage Stabilization Circuit:

The circuit is shown in Fig. 5.7. The value of

condénaer C is selected as 10 as in the fiiter_circuit.
Here‘four IQ/ﬁfcondensers are connected in series - paral;eled
tp make the equivalent as lgﬂ%Fand each shuﬁtéd'by 120k.n
réSistor to eQuatize voltage applied to the indiiidual condenser,

~ The Zener diodes are of the ratings 30V and 5V ﬁiﬁ£§p35v
in one stabilizing supply and two 12V and one 2OVﬁ§§E§§i§§Y-in
another Stabi}izingrsupply isvconsidefed. For the regalation
of 35V voltage in the regulated'supply'one'ienef'is.not
availéble. So they are bonnected in series in there neversed
bias to operate in there breakdown voltage and to stabilize

af that voltage.

.

The circuit diagram of this stabilizer is in Fig.6.2.

-

Rectified
voltage

R :, 120KT e

rgj onstant or
/ Stabilized.
Zener de.c. supply

' Fig. 6.2. Voltage Stabilizing Circuit.

The positive terminal of the bias supplied by the
gtabilizing circuit is considered 44V for some voltage is
absorved by the condenser 'in the timer to make the resultant

bias ag %5y
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6aTe Timing Circuit.

The time delay circuit is considered as the circuit
in Fig. 5- 120

Where,

Ve = input voltage of the level detector -2, which
is fixed value. For we are designing for the
tripping value, Vt .
E = Amplified output voltage of the level detector -1
' Which is also- considered fixed for a particular
lvalue. It could be changed. Bdit if it changed

the time voltage charecteristic curve will change

For designing we have considered E as high as possible
aad Ve as minigum to have easy-hégding of .the timeing ckt.
For the desiéﬁpd,relayr
E f-Bﬁ. 73,_7;6v‘f$fé§j for'different curren? settings
Vem 0.8-volts.

- C = 1769/“}ifixed and I - 7 oot oL voiadw
R varied to get different time-lag.

6.8. Amplifier end Level Datector.

The level detector is the same as an amplifier. For
the level detector -2, the output current or voltage is the
input current or voltage of the amplifier. That is level

detector -2 may be said for the use of amplifyiﬁg very weak
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signal for the tripping of the trip circuit. If the output
, cﬁrrent and vpltage in the'timer is a value sufficient to
frip the trip circuit after amplifying.by the ampiifier,
there is no needs of the level detector -2. In the level
detector -1, the output is the selected value E, the input

of the timing circuit.

6.8.1. Amplifier Designing.

6.8.1.1.Choice?of Transistor:

‘Our amplifier ig to amplify fhe signal to trip the
ﬁripping circuit of the relay. So it iS‘dbéious that thé
output of the amﬁlifier ig the input of the tfipping relay
and the transistor withstand for the values of tripping
circuit.

The tripﬁigg circuit has the-specificafion
of - l | | :

Tripping currenf. - 2.0 mA

Tripping vﬁltage = 15V

This'is done by an electrémagnet and it ia
magnetiséd by the-amﬁer - turn passes through the coii_
of it. So the tripping may occyf with less voltage in the
terminal but should have thé fixed tripping current in the

'ﬁerminﬁl.
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The input signal may be higher then the tripping
value and the reiay must have to withstand in those'valués also.
So 1it: is better to have the safe side to select the

transistor of higher ratingg,

Specificationg. ofthe selected transistor:

Transistor No. : 2N3055
~Type : Si = NPN.

VeBnax = 100V
'vcEmax. = 60V _ .
vEBmax = IV
Icmax = 15V
Timax '-=  200°¢
Pror e 115W
HFE = 20/70, Hpp o = 4A.
where, - ' |

Max.collector to base voltage = VCBmax

n . i =
co}lector to emitter voltage = Vap ..

" :
emitter to base voltage = vEBmax

] .
collector current s ICmax

" Junction temperature = Ty
UBotal withstanding power = Pror

. : _ I
. dec. forward current transfer ratio, Tg = HFE
' B

~ ‘ ,' . = d.C, current

" gain,

ik
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6e8.1l.2.Choice of Circuit:

The circuit selected is the differential amplifier

of the unbalanced type. As in Fig. 6.3.

; ' T+ Vee

H”f
il

- Vec

| Fig.6.3. Level detector or amplifier circuit.

To have the transistor to run in its active region
- (i.e. between the saturated and breakdown.
zone). the transistor should be bias approximstely with half
fhe maximum voltage of collector to base. Thls w111 give a

good quiescent point of operation. N
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Here we have selected the b1a51ng voltage as
325V by trlal and error. It is the minimum value to get the

tripping in the tripping circuit.

'6;8.1.3.Calcu1ation of the Parameters:

The parameters of the amplifier was found by trial
snd erro method. Rc gshould match theé output impedance for

maximizing amplification. It is selected that Rc, = Rc, = 5KJL.

Again, when R has a small value, high magnitude of
current flows through it., So it becomes hotted. Rp ia selected

as 4K.n..

6.9. The Pripping Circuits and the Prip Indicator.

Por the trlpplngrclrcults an attrected armeture
type deV1ce is con31déred It has the value for tripping
is -

Ve=15v

I = 2mA.



LY eLV PNV

- ﬁ""; \HV u!.n.u.u.l.n ;u!u..:.u.g;
N _L : Regula’ced PowER ':”:uprn_y

"Of“f'j?{zog

O

]
S
h

20
1K

1]

S

K
.0 09

Anxiliary Suppiy

T Cur REAT
SETTINGS

*we3Big 939 [dmWOH oYUy JO S3INOITD

vel Detector o Amplifier TF—""P

CiRreU\T

Esc.-nr:nz;g WitTh Srocorhimt G,

L
L\ Zener

N
__J_;-}BV . \55’\7 before and after loadlng)

Fig.

Anxiliary supply < . Resulated Powmer Qurm.y
6.4. The-Complete Static Relay Circuit Diagrap” that degime |



CHAPTER - 7

TESTING AND RESULTS

71l For Level Detector Without Load. -

Vin Vout Ay

in- volts _ “in volts

0 o

' 0.1 31.5 315

0.16 33,8 211.25

0.22 34 154.54

0.31 34 109,68
7elw For A;nplifier With Relay Trip Circuit as the Load
Vin Tin Vout Tout.  A¥ A
in volts ‘in volts in mi- :
0.0 50 A 2.6 0.4 8.0 Not Tripped
0.07 100 A 9.2 1.2 131.42 12.0 « n
0.12 170 A 11,0 1.4 91.67 . 8,2% n
0.15 250 A 11.5 1.5 76.67 6.0 n "
0.8 1.2 pA 15,0 2.0 18.75 1.67 Tripped
0.95 1.4 mA 16,0 - 2.4 16.84 1,71 =




So the input voltage and current at tripping is
0.8 Voand 1.2 mA respectively which should be the current

and voltage of level detector -2 at tripping.

Form the data it is seen that in the smplifier without

giving a signal the output voltage is 2.6 volts. This voltage
is actually from the leakage input voltage .

in the imput. Since our level detector - 2 has the same circuit.
confignation. So at the time of tripping it should have 0.8
volts in its output. But it is less than 2.6 volts. That is
0.8 volts can be achieved without input signal in the level
detector - 2. That is the input of the level.detector - 2 to
achieves the output voltage of 0.8 volts is undetectable.

So there is no need of level detector - 2 as will seen in

Fig, 6.4.
So if the 0.8 volts and 1.2 mA. is the voltage and
current respectively of the output of the time-lag circuit,

the relay will trip.

7.3. For Fixing the Maximum Output Voltage (E) of the Level

Detector. )
- We know,'f o f : \ g
N
Ve = E( 4~ e )
4 ‘
T = 1 cycle = By = <02 sec .

Cc 5'176QA1I
For R = 100 ohm

Ve mE(1-e 100X1780 210y | 15 or E » 10 Ve

For, R = 200 ohm, Vc = .055E, or E = 18.1 Ve
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At tripping we have Av = 18.75
For finding Emax, R = 100 ohm ~circuit may be chosen,

For level detector with all the circuits donnaéted

in different current setting at tripping,

. ‘- In Level Detector - .. In timer
Current In timep V. I. ' ' I circuit, V_ in volt
: . in in out out . Y e T
setting R in ohm in volts in mA~ .+ in volts in mA )
I .% IT 100 0.05 70.9 4.9 2.2 ﬁ.?
o 200  0.08 0.9 5.7 2,2 4.8
300 - 0.08 0.9 - 6.0 3.4 4.6
100 1.4 2.0 2.0 4.1 6.6
1 _ - .
300 1.2 2.6 7ot 4,0 - 6.4
. ’ 100 2.8 204 7.0 401 6.6
300 2.4 - 2.4 8.0 4.0 6.5
100 3,8 3.0 7.6 4.0 7.0
I = IT 200 4.4 3.0 7.9 4,0 6.2
300 4.% 3.0 8.1 4.0 6.4

vout of level detector or E at the timer is gelected

. at different current settings as

at I =7 Iy is 5.0 volts. T 2 I, is 7.0 volts

I = 3— Ip is 7.0 volts.

IHIT

is 7.6 volts.



Circuit

7-40 TrlEE B EE

ing Time for the Time-L

‘For the time-lag circuit the tripping time for

defferent current settings and at different R of the

tripping circuit.

Here, C = 176kaf (fixed)

LS

of the amplifier.

S0, from the experiméntal data,

V= 0.8 volts the tripping voltage in the input

Current R E T =« RC loge( EFEV-)
Settings in ohms in volts t
100 4,9 0.027
I = }; I 200" 5.7 0.053
| 300 - 6.0 0.075
100 7.0 ' :0.021
1-%1, 200 2.4 0.04
' 200 2.4 - 0.06
100 7.0 .0.021
I = %'IT : 200 7.6 0.03%9
| 300 8.0 0.055
100 2.6 0.019
I=Ip 200 7.9 0.037
8.1

300

0.055

‘Time characteristics of the time-lag circuit is also

determined from the storage - oscelloscope is éﬁown-
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o = P 2 ) % L._.—.-‘ = o
Grilersot current gevivinge. Oversll, time cheracteristic of

the complete system is also shown for different settings. in

Fig. 7.4, Fig. 7.5, Pig. 7.6. and Fig. 7.7.

765 Digecussion of the Results.

(1) It is seen that the amplifier or level detector
‘has an amplifying factor higher in the lower
signal values. That is its operating range is
at loéer signal values.,

(2) If the signal current is increased by the current
settings, the input voltage and hence the output
voltage increases. It is to be expected.

(3) Increasing current by the current settings the
time of tripping decreases for different values

of R in the time - lag circuit,

(4) Also it is seen that if R is increased, the tripping

time increases.,

s (5) Generally the current ratio in a current transformer

is defined with its secondary short circuited.‘Fq:

a small rasistance in the secondary ( ~~1 ohm )
-1t is expected that very little effect in the

transformation: ratio will take place. However the

exact amount of error due to the resistance uged in

the secondary circuit can be determined by careful

investigation.




(8) . 1e imitial nonrerponse time &f sboud 15 mS ie

probadly dus to the charm

h L . - 4_‘—' -
ing Tims elapsed in the

o

- large capacitances (’IO}JJ*‘, each) used for filterrin'g-‘
'aqtion in thé cutput of the rectifier used between
the CT and the level detector. The exsct time
delaying action due to these capacitors require
further investigafiog and can be taken up in future
work for the improvement of the circuits used.

(7) In the time-current characteristics of the relay it

iB seen that for a time constant of timer circuit a
very inferse characteristic is obtained as seen in

Figo 7.8-



(1)

(2)

(3)

(4)

(5)

—22

CHAPTIR -~ 8

Static relay develqped is faster than the electromagnetic
reléy and has an operating time of about 4 cycle of a 50

cycles/sec signal,

The different sections such as Cﬁrrent Settings, Rectifier,
Filter, Level Detector, Amplifier, Tripping and Alerm Device
hes been developed in module form. It is expected that for
fepair and maintenance of the relay, the separate moduler

sections will prove to be eonvenient.

_Changing'the descrete component to integrated circuit. The

measuring part of the static relay will be compact. The size
of the complete relaying system will be influenced by the
Bize of the transformer, output deﬁices, indicating devices
etc. o

Using the integrated circuit increases reliability and

price.

The design was seriously restricted by the availebity
of components in the local market or in the Laboratory. The

Performance ip expected to be much better and the relay can

be made faster if the design components are obtained =g

desired.
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