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Introduction to Static and Microprocessor-based
Integrated Programmable Protection,
Monitoring and Control Systems

— Introduction to Static Relays and Integrated programmable Protective manitoring and control
systems. Historical review — hasic comparison, recent trends — Analogue Relays, Digital relays,
Programmable Relays — Modular concept, Functional Modules and Assembly — Devices and
components — Functional units in static relay system — Analogue circuits, Digital Circuits,
Programmable Systems — AD Conversion — Applications of static relays — Components of Static
Relays.

Ch. 25 gives Introduction to Protective Relaying. The principles described in Sec. 25.1 to 25.16
are applicable to Electromagnetic Relays and Static Relays. During 1980’s Static relays and
Microprocessor-based integrated, programmable protection, control and monitoring systems have
been introduced. The versatile systems perform several tasks including monitoring, protection, data
acquisition, display, control ete. Static relays and combined protection and control systems form an
integral part of SCADA Systems. (Ch. 50)

38.1, INTRODUCTION AND DEFINITION

Static Relay (Solid State Relay) is an electrical relay in which the response is developed by
electronic/magnetic/optical or other components, without mechanical motion of components.

Note. A relay which is composed of both static and electromechanical units in which the response is ac-
complished by static units is also called as a static relay.

In static relays, the measurement is performed by electronic/magnetic/optical or other com-
ponents without mechanical motion. However additional electromechanical relay units may be used

in output stage as auxiliary relays. A protective system is formed by static relays and electromechani-
cal auxiliary relays.

Fig. 38.1 (a) illustrates the essential components in a static relays, The output of CT’s of PT's
or transducers is rectified in rectifier.

‘The rectified output is fed to the measuring unit, The measuring unit comprises comparatots,
level detectors, filters, logic circuits, The output is initiated when input reaches the threshold value.

The output of measuring unit is amplified by Amplifier.,

The amplified output is given to the output unit which energizes the trip coil only when relay
operates.

In conventional electromagnetic the measurement is carried out by comparing operating
torque/force with restraining torque/force. The electro-mechanical relay operates when operating

torque/ force exceeds the restraining torque/force. The pick-up of relay is obtained by movement of
movable element in the relay. In a static relay the measurement is performed by static circuits.

A simplified block diagram of single input static relay is given in Fig. 38.1 (a). In individual
relays there is a wide variation. The quantities : voltage, current ete. is rectified and measured.
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Fig. 38.1 (a). Block diagram of a static relay-simplified,
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Fig. 38.1 (b). Block aiagram of a simple Microprocessor
Based Digital Static Relay.

A programmable protection and control system has a microprocessor or microcom-
puter in its circuit. With the help of the logic circuits and the microprocessor the integrated protec-
tion anfi control system can perform several functions of data acquisition, data processing, data
transmission, protection and control. Earlier, for cach of these functions, separate electromechanical
or static units were used along with complex wiring,

A static relay generally has several functional units. Some of the auxiliary functional units may
be electromechanical.

The types of electronic circuits in static protection system include :

(1) Analogue circuits (2) Digital circuits (3) Hybrid circuits. For very simple functions, analogue
circuits are preferred. For complex functions, digital circuits are preferred.

Advanced digital Static Relays may have Programmable System. Such relays are preferred for
complex functions,

A static relay may have one or more programmable units such as a microprocessor. Such relays
are called programmable relays or microprocessor based relays or microprocessor controlled relays.

Programmable Static Relay system can perform several functions including protection, monitoring,
data acquisition, control.
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1. Data acquisition and Data processing System 2. Protection system
3. Control system 4. Data transmission system
5. Man-machine interface 6. Event recording
7. Additional required features,
Fig. 38.1 (c). Combined Protection, Monitoring and Control System (CPMC),
CPMC has sub-systems (1 to 6) in a single unit,

An integrated static programmable protective and control system has one or more of the fol-
lowing subsytems (Fig. 38.1 (¢)).

— Data acquisition and processing subsystem

— Protection system

— Control system

— Data transmission system

The required subsystems are assembled and mounted on a single panel to form an integrated
modular programmable combined protection and control system. Fig. 38.1 (c) gives the concept of
Combined Protection, Monitoring and Control System (CPMC) programmable system.

The total interconnected power system is managed by Supervisory Control and Data Ac-
quisition (SCADA) system, Energy Management Systems (EMS) and Auntomatic genera-
tion control systems (AGC), Integrated Protection and control programmable systems installed
in generating station control rooms, substation control rooms and load control centres form the sub-
systems of the SCADA, EMS and AGC system. The programmable protection and control systems
in different locations are linked by means of data transmission channels such as Power Line Carrier
(PLC), Microwave, Fibre optic cables (For shorter lengths).

The unit level has protective relays each of which performs one or more protective functions
e.g. overcurrent protection, earth fault protection. Unit level is provided for each protected zone,
e.g. bus zone, transformer zone, line zone.

At substation or generating station level, the microprocessor based system performs several
protective functions and monitoring such as back up protection, autoreclosing sequence, sequential
tripping, load shedding, remote signalling etc.

At control centre level the programmable system performs several functions of load manage-
ment, load frequency control, planning operation, monitoring, economic loading, moral emergency
and post-emergency actions.

In electromechanical relays and systems, a separate relay unit is required for each protective
function. Several separate units are required in protective system of a greater or a large motor etc.
And separate control systems are required for performing desired control and monitoring functions.
This results in very large control panels and protection panels and complex wiring. Several
operators are required in the control room to supervise the various control and protective panels.

With microprocessor based combined protection, monitoring and control systems, the complex
tasks are performed automatically. The operator can get necessary information on the VDU (Video
Display Unit) of the man-machine interface.

The electromagnetic units, hardwired static relay units and programmable units are used judi-
ciously in the control and protective systems. For simple functions electromagnetic units will con-
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tinue to be used. For multifunction relays, hardwired or programmable static relays are being
preferred, For higher hierarchical levels at substation control reoms, power station control room and
load control centres, the Combined Programmable Protection and Monitoring and Control Systems
(CPMC) are preferred,
Table 38.1. Evolution of Static Relays and Integrated

Frotection and Control Systems

Type of Unit System Remarks

Single function relays with : — Performs one or more Protective functions.
— Modular concept for subassemblies
1 Analogue Circuits — Required functional block is assembled to form the relay
2 Digital circuits unit,
Multifunction relays with :

1 Analogue Circuits

— One or more inputs
2 Digital Circuits

— The relay unit may be hardwired or programmable.

Hardwired Digital or Analog Static — Several relay units required for protection of a machine or
Protective System " powersystem component are assembled to form one protective
system. e.g. Generator protection system, has overcurrent,
reverse power, under voltage relay units,

Programmable Static Protective System | — It has additional logic circuit and programmahle
. microprocessor,
Integrated Protection Monitoring and — Ithas required functional subsystems such as data aequisition

Control System. (IPMC) unit, protective unit data transmission unit, control unit. The

microprocessor performs several functions.

Also called : +— The protective functions may be segregated (separated) from
Combined Protection Monitoring and control functions suitably, e.g. protective functions may deal
Control Systems (CPMC) with tripping of breakers whereas the control functions may
[Fig. 38.1 (¢)] deal with monitoring data processing and control.

With the developments in semiconductor technology, digital electronics, microprocessor tech-
nology and digital control systems fibre-optics data transmission ete. there has been a tremendous
leap in the field of a digita) static relays. The development of integrated circuits are more reliable
and more compact, Furthermore, the microprocessor and digital computers are being increasingly
used in power system protection, and control,

.The static relays and static protection has grown into a special branch in its own right, This
section covers principles and applications of static relays and static protection systems in details,

38.2. STATIC VERSUS ELECTROMAGNETIC RELAYS

’I‘h\e static relays compared to the corresponding electromagnetic relay have many advantages
and a few limitations, The choice between an electromagnetic relay and a static relay depends upon

— Technical requirements of characteristics and protective functions.

— Overall cost.

For simple protective functions and for protection of simple low power equipment,
electromechanical relays are preferred. Electromechanical units are also be used us components of
total predominantly static relay e.g. for auxiliary relay functions, output functions.

 For complex protective functions requiring accurate characteristics for various protective func-
tons and for protection of costly, large equipment / machine, static relays are preferred. These may
be hard-wired or programmable.

For integrated protection and monitoring systems programmable microprocessor controlled
static relays are preferred,
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(a) Advantages of Static Relays

1. Low Power Consumption. Static relays provide less burden on CT’s and PT's as compared
to conventional relays [Refer Table 38.2 (Also see Sec, 35.4 ‘Burden’].

In other words, the power consumption in the measuring circuits of Static Relays is generally
much lower than for their electromechanical equivalents, The consumption of 1 milliwatt is quite
common in static overcurrent relay, Whereas, an equivalent electromechanical relay can have con-
gumption of about 2 watts. Reduced consumption has the following merits :

— CT's and PT’s of less VA rating

— The accuracy of C'I"s and PT’s increased.

— Air-gapped CT's can be used.

— Problems arising out of CT saturation are avoided

— Overall reduction in cost of CT’s and PT"s.

2. Resetting Time and Overshoots. By using special circuits, the resetting times and over-
shoot time can be reduced thereby the selectivity can be improved.,

3. No moving contacts and associated problems of arcing, contact bounce, erosion, replace-
ment of contacts ete,

4. There is no effect of gravity on operation of a static relays. The relay can be installed in
vessels, aircrafts ete.

Table 38.2. Reference Values of Burden of Static Ralays'

Item Conditions Burden per phase

1. Instantaneous Measuring Relay
(a) Current Relay

Moasmli;tg circuit at lowest setting| 7 to 100-|_n\’}\
current ; 0.3 A to 20 continuous -

(b) Voltage Relay _[\'I__.H.‘A_uring cireuit at lowest setting _'E,H;nﬁ.‘\_ -
voltage : 24 V/48, V60 V, d.c.

2. Time-lag Over-current Relay

At rated anrrel‘;t., given cu |_1t._,- ”t'J.(JH I.f-l_ﬂ.tE \TA_ o

| setting current 140 8 A

T Impedance Rel‘ay At rated current, rm.e.al _\—:-tlgge-:_._ ;_O.i!_t-n_n. :va__
{a) Curpent circuit 0.8 to 0.9 VA
(b) Voltage circuit
4. Differential Relay for Transformer protection | (a) Normal current ; 1 A i 0,02 VA o
(b) Normal current : 5 A 0,18 VA

5. Bingie Relay for Several Functions. By combining various functional cireuits, a single
static relay can replace several conventional velays,

For example for motor-protection, a single static relay can provide over current, under voltage,
single-phasing, short-circuit protection by incorporating respective functional blocks. This is not
possible in electromechanical relays,

6. Compactness. Static relay are compact. A single relay performs several functions. A single
Microprocessor based system can substitute several independent protection and control relay units.
The space required for installing protective relay and control relays ete. is reduced, A single panel
can incorporate a protection and control system for several functions,

7. Superior Characteristic and Accuracy. The characleristics of static relays are accurate
and superior. They can be altered within certain range as per requiremeut of protection. e.g. static
distance relay can have narrow rectangular characteristic on R-X plane. Several features can be
incorporated depending upon the application requirements. Static relays of superior speed (1 cyele,
1 cycle) are available.

* As there are wide ranges and applications of static relays, the above mentioned values just for familiarity, not
for application guidance.
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8. Transducers. Several electrical or non-electrical quantities can be converted into electrical
quantities and then fed to static relays,

9. Static Relays can ‘think’, Complex protection schemes employ logic circuits. Logic means
the process of reasoning, induction or deduction. Suppose, several conditions are imposed on g
protective system such that for certain conditions, the relay should operate, and for some othey
conditions, the relay should remain stable; in such cases logic gates can be adopted.

Digital electronics and Logic circuits are used with multi-input static relays, The relay deter-
mines the response depending upon the conditions, of various inputs and the allocated logic,

e.g. Static distance relay can be given additional features of auto-reclosing unit. The relay can
determine whether to give reclosing command or not depending upon the impedance measurement,
synchronizing check, feature, ete.

10. Programmable Operation. The characteristic programmable relays can be altered by
changing the programme, ‘Programme’ means sequential instructions that direct the microproces.
sor in the relay to perform specific functions,

11. On-line computation and Functions. The characteristics and functions of programmable
relays can be altered on the basis of on-line computation of various variables,

e.g. which back-up breaker to operate with minimum outage can be decided by prevailing net-
work configuration and on-line real time data,

12. Interface with SCADA and EMS. Static protection, control and monitoring system for
substations, power stations ete. form a part of SCADA, EMS and AGC Systems which are indespan-
sable in to-days AC Networks. (Ch. 50)

13. Remote Back-up and Monitoring. Static relays assisted by power line carrier can be
used for remote back up and networl monitoring.

In centrally monitored systems, the back-up protection is monitored by the digital computer,
The switching is carried out in such a sequence that the stability is improved, (Ref, Sec. 43.10)

14. Repeated Operations Possible. Static relays can be designed for repeated operations as
there are no moving parts in measuring circuits.

15. Effect of Vibrations and Shocks. Most of the components in static relayé, including the
auxiliary relays in the output stage are relatively indifferent to vibrations and shocks, The risk of
unwanted tripping is less with static relays as compared to the corresponding electromechanical
relays. This aspect makes the static relays suitable for earthquake prone areas, ships vehicles
locomotives, aeroplanes etc.

16. Self-supervision (monitoring) of the Relay. Complex static relays have a facility of con-
tinuous and comprehensive self-monitoring by a special hardware called ‘Watchdog' and test
software. Any fault which occurs within the relay (e.g. failure of a component) are detected at once.
Thus, periodie testing of the relay can be minimised,

17. Simplified testing and servicing. The static relays are provided with integrated features
for self-monitoring, easy testing and servicing. Defective module can be replaced quickly,

18. Extension of application by adding suitable modules.

19. Several functions. A static protection control and monitoring system can perform several
functions such as protection, monitoring, data-acquisitinn, measurement, memory, indication, data-
communication ete,

38.3. LIMITATIONS OF STATIC RELAYS

1. Auxiliary Voltage Requirement, This disadvantage is now not of any importance as
auxiliary voltage can be obtained from station battery supply and conveniently changed to suit local
requirements,

2. Electrostatic Discharges (ESD). Semiconductor components are sensitive to electro-static
discharges (ESD). Electrostatic charges are developed by rubbing of two insulating components,
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Some components are more sensitive than others. Even small discharges can damage the com-
ponents which would normally withstand 100 V., Precautions are necessary in manufacturing of
static relays to avoid ESD caused component failures,

3. Voltage Transients. The static relays are sensitive to voltage spikes or voltage transients.
Such voltage transients are caused by operation of breaker and isolator in the primary cireuit of
CT's and PT’s. Serious over voltage are also caused hy breaking of control cireuit, relay contacts
ete. Such voltage spikes of small duration can damage the semiconductor components and can also
cause maloperation of relays. Several relay failures were recorded during 1960 due to the above
mentioned cause. The measurements showed that the voltage spikes in secondary circuits can at-
tain an amplitude of 20 kV in rare cases and generally 12 kV,

Special measures are taken in static relays to overcome this difficulty. These include use of
filter circuits in relays, screening the cable connected to the relays.

4. Temperature Dependance of Static Relays., The characteristics of semiconductor are in-
fluenced by ambient temperature. For example, the amplification factor of a transistor, the forward
voltage drop of a diode, etc. change with temperature variation, This was a serious limitation of
static relays in the beginning. Accurate measurement of relay should not be affected by temperature
(=10°C to + 50°C). This difficulty is overcome by the following measures :

— Individual components in circuits are used in such a way that change in characteristic of

components does not affect the characteristic of the complete relay,

— Temperature compensation is provided by means of thermistor circuits, digital measuring
techniques, etc. Thus modern static relays are designed to suit wide limits of temperatures
(=10°C to + 50°C).

5. Price. For simple, single function relays the price of static relays is higher than the
equivalent electromechanical types. [Fig. 38.1 (d)]. For multifunction protection, static relays pro-
vide economical solution, The production technology of plug-in type static relays on the panel (Sec.
38.7) permits manufacture of standard relays on large scale. The customer's requirements can be
fulfilled quickly by incorporating required relay units on the panel.

6. In electromagnetic relay, the pick-up relays or reset of relays does not affect the relay char-
acteristic since the operation is based on the comparison between operating torques. However, the
statics relay characteristic is likely to be affected by the operation of output device.

For simple protective functions, conventional electromechanical relays provide economic and
satisfactory choice, For complex protection systems static relays are preferred technically and
economically. As static relays perform protective and monitoring functions, the additional cost is
Justified on the basis of improved system stability, reliability and availability of electric power.

38.4. RELIABILITY AND SECURITY OF STATIC RELAYS

Reliability is defined as the likelyhood of that the device will perform as expected at all times.
This includes (1) Security to not operate incorrectly and (2) Dependability to operate correctly when
expected,

Security of a Relay or Protection system is the factor of reliability which relates to the degree
of certainty that the relay will not operate incorrectly.

Reliability of protective relaying is very important. Electromechanical relays have high
reliability, due to (1) precision, manufacture (2) few, reliable components in their construction (3)
experience gained in designing manu facturing testing and maintenance Static Relays are in infant
stage and have to prove their reliability. As the static relays have several discrete components such
as resistors, capacitors, semi-conductors in their construction, reliability depends on reliability of
these components and reliability of the total assembly. It is therefore, necessary to choose the com-
Ponents with great care. Each components should be type tested. Care should be taken in connec-
tions, soldering etc. The ambient conditions, voltage spike, should also be considered. The use of

integrated circuits increases reliability of static relays, Integrated circuits are much more reliable




710 SWITCHGEAR AND PROTECTION

than the equivalent discrete component circuits. Reliability of components is improved by strict
quality control, presoaking the components to improve temperature response presoaking of a relay
means, operating the relay under service conditions for certain time with current and voltage con-
nected to it. With this method, bad components and poor joints can be detected.

Self monitoring feature in modern micro-processor based relays ensures indication of failed in-
ternal component. Thereby the failed component/circuit can be replaced. This increases the
reliability and security of static relays,

38.5. HISTORICAL REVIEW IN BRIEF

— The major break-through in the application of electronics in power system protection oe-
curred in 1928 when carrier current protection system was introduced for the protection of
transmission lines. Earlier schemes were with vacuum tuhes.

— The protective relays employing the vacuum tubes and gas tubes were not popular due to
the short life of tubes, need of heater supply, slow speed, less reliability etc. Their use was
mainly in control circuits, Protective relays employing vacuum tubes did not find any com-
mercial success, except for carrier current protection systems.

— Transistors were invented in 1941 which led to a revolution in electronic technology. The
development of static relays employing semi-conductor devices such as diodes, transistors,
thyristors ete. was started in 1950's,

— The first generation of static relays were with discrete ( independent, separately identifiable)
component fitted on printed circuit boards (PCB), Relays with PCBs are manufactured even
now.

— During the period 1958-1974, many leading manufacturers in the world have conducted re-
search and development in static relays technology. The static relays of second generation
employ Integrated Circuits (IC). The ICs may be small scale (SSIC), Medium Scale (MSIC)
or large scale (LSIC)

ete. employing static relays are being used, These are with IC’s and PCBs and are very
compact (1980’s). The ICs are available for Analogue and Digital Circuits,

— Fibre optic relays (1980's) use fibre optic circuits for conduction of light pulses. Fibre-optic
relays and central cireuit pilot wiring is gaining commercially success. (1990)

— Barlier generation of static relays (1970s) were with Analogue Circuits. Now Digital circuits
are preferred. Such relays are called ‘Digital Relays’ or ‘Numerical Relays’,

— Development of digital Electronics and Microprocessor (1980s) has resulted in program-
mable multi-function systems. The functions include measurement, data transmission,
protection and control. Microprocessor controlled relays have become popular, (1990's)

— Communication. During 1980s, power system data communication systems with (1) car-
rier communication (2) Microwave radio communication (3) Telephone communication (4)
FASIMILE transmission (5) Satellite communication systems, have been introduced for
protection, monitoring and control,

38.6. RECENT DEVELOPMENT OF STATIC RELAYS

The present trends in static relays indicate the following aspects :

— Miniaturization. Due to change-over from discrete components to integrated circuits, the
measuring parts of static relays are compact. The size of the complete relaying system will
be influenced by the size of the transformers.

— Increased reliability and reduced price. Static relays with ICs are cheaper than these with
discrete components.

— Use of digital techniques for measurements, instead of analogue techniques, used earlier,
Thereby the tolerance of individual components will not influence measurement.

At present schemes of generator protection, bus-bar protection, transmission line protection -

-—?
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— Use of new type of instrument transformers instead of conventional CT's and PT%s in ultra-
high voltage networks. Development of optoelectric components for protection is in progress.
We can expect the development of static relays to suit such devices,

— Increasing use of digital computers and microprocessors in power system protection. A closer
co-operation of static relays and Energy Management Systems, Scada Systems ete. is in the
offing.

— Programmable Relays, instead of Fixed-wired Relays. This gives ‘flexibility’ to the protection
system,

— Combined Programmable Protection, Monitoring and Control Systems. (CPMC) have been
introduced for Protection and Control of EHV-Substation.

— Use of fibre-optic cables in pilot wire differential protection.

— Ultra high speed directional wave relay (5ms) for protection of UHV AC lines and EHV-AC
lines.

— Power system simulator for realistic testing of static protection systems,

— Protection and control system for HVDC-Substations.

Table 38.3
Electromagnetic Versus Static Relays

Conventional Static Relay

Function Relay - . : T
Without Thyristor With Thyristor
1. Tnput 13 W 10 mW | 20 mw
2. Switching capacity 30w 10w 100 W
3. Power gain B-32 1000 500
4. Continuous current rating 5A 1A 1A
Time 10 m sec 20 sec 50 sec
6. Effect of vibration Bearing affected No effect No effect

7. Ambient temperature range No effect 5 te 70°C | Needs compensation | Needs compensation

- 20°C to 100°C

8. Operations Above 10° No limit No limit
9. FEffect of pollution v| Yes No No
|
10. Testing Easier Difficult Difficult !

38.7. PRESENT TRENDS IN PROTECTION AND CONTROL TECHNOLOGY (1997)

The trends have been from simple electromechanical relays, to Microprocessor-based Digital
Relays and finally Combined ( Integrated) Protection. Monitoring and Control Systems for substa-
tions, generating stations and load control centres.

These trends have followed the advances in digital electronics, digital computer technology,
microprocessor technology etc. and are listed in Table 38.4. The details have been covered in sub-
sequent chapters.

The application of electromechanical, static, digital static, microprocessor based relays depends
upon complexity of protective functions. For simpler single functions, electromechanical relays may

be preferred. For complex, multi-functions microprocessor based relays may be preferred Ref. Fig.
38.3.
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Table 38.4. Historieal Trends in the Protection

and Control Technology

Years

Product description

Remarks

1880--1940

Electromechanical relays of various
types for :

— Protective functions

— Control functions

Used even today for simpler protection functions
and simpler control functions,

1940—1960

Static Relays with vacuum tubes for
carrier differential protection and
microwave protection of transmission
lines

Lateron replaced by static relays with
semiconductors.

1960—1970

Static Relays (Analog) for protection of|
motors, generators, transformera,
busbars transmission lines ete.

Analog relays may have a PCB and IC.

1965—170

Digital static relays

Used A/D conversion and digital Electronics
Techniques IC, LSIC's used,

Digital computer based static protection

systems used for transmission systems
for main and backup protection,

On-line digital computer used for protection type
prodar 70 installed by westinghouse USA
(Ref. Sec. 46.15)

Proved costly for simpler protective
functions.

Used in Generating stations, substations control
centres ete. (Ref. sec. 46.4)

Digital computer based systems for
— Data Acquisition

— Data monitoring

— Data transmission

— Data processing

— Data display.

Integral part of Network control
(Ref. Sec. 50.4),

Various types of Digital computers
installed in generating station control
room, substation control room and Load
control centres for Network monitoring
and Network Automation,

— Large computers for load control centres,
— Medium computers for Generating stations
and substations.
— Minicomputers for small substations.
(Ref. Sec. 46.9)

1976—85

Microprocessors introduced for power
system control and power system
protection Proved cost effective and
advantageous for protective relays and
control,

Each individual protective system or control
system can have its own mieroprocessor.
Becoming increasingly popular.

Ref. Ch. 43.B

1985—85

Combined (Integrated) Protection,
Control and Monitoring systems based
on Digital Computers, Microprocessors.

~— For integrated substation control and
protection

— For integrated generating station protection
and control.

— For system control from load control centres,

1985—95

Introduction of SCADA systems AGC
Systems EMS system ete.

Supervisory control and Data Acquisition systems
(SCADA) are applied to AC Network. The
protection and control functions are sub-divided at
various levels in

— Load control centre

— Generating station control room,
— Substation control room.

— Major load centres ete.

Ref. Fig. 38.1 (d) which gives the trends over the years.

e
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Fig. 38.1 (d). Application trends of the various alternative
types of protective relays over the years.
(In 1975 the Static Relays were used only for complex functions such as a generator protec-
tion, EHV-line protection ete, Today Static Relays have replaced electromechanical relays in al-

Electromechanical Relays. These are ideally suitable for simple protective functions of in-
dividual loads. They are least costly in such applications. However for complex protective systems
such as protection of transmission lines, protection of generators, protection of large motors ete.
electromechanical relays are technically not preferred Several relays are necessary in the protection
system the cost of protection with electromechanical relays increases rapidly with the complexity
of protection (in terms of speed, characteristic number of functions ete.)

Static Relays (Analog). These are suitable for more complex functions and are preferred for
almost all protective systems. With the use of printed circuit boards (PCB) and single chip IC’s the
cost of static relays has reduced rapidly and they are used for a wide range of applications.

Digital Static Relays. The logic circuits and digital electronies are used in relay circuits in-
volving several functions. Such relays are preferred for complex protective systems. The relays may
have PCB or IC having fixed circuit.

Programmable Relays with Microprocessors. These were developed during 1975-95 and
have become extremely popular over a very wide range of applications. The microprocessor is
provided within the relay. The relay can therefore perform logical functions. The relays may be with
fixed programme or variable programme. Cost of microprocessor based relays is much less than the
earlier computer based protective relays.

Digital Computer based Protective System. These were developed during 1968 in USA.
However they are costly and can be justified for very complex multifunction EMS and SCADA sys-
tems. They are not preferred for individual protection systems.

Combined Protection, Monitoring and Control Systems (CPMC). These are being used
for substation protection and protection in generating stations, protection of HVDC systems etc.
They are generally microprocessor based. They simplify the entire protection and control system
and they prove less costly for more complex and remote unattended power stations/substations.

Fig. 38.1 (e) and 38.1 (f) illustrate the applications and cost aspects of the above types of protec-
tion devices,

Combination of Static and Electromechanical Relays. At present both static and
electromagnetic units are used in protection systems. ‘All-or-nothing' relays are generally
electromechanical type and measuring relays are either static or electromechanical. For simple
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5. Extremely complex : Static-Digital Computer Based.

Fig. 38.1 (e). Preference of type of relay system with
reference to cost and complexity.

protective measuring functions, electromechanical relays are preferred. For complex protective

measuring functions, static relays are preferred, Hence, the electromechanical and static relays are
equally important. Electromechanical relays are not obsolete.

38.8. MODULAR CONCEPT, BUILDING-BLOCK PRINCIPLE USED
IN PREDOMINANTLY STATIC PROTECTION SYSTEMS

Modern protective measuring relays, all-or-nothing relays and other auxiliary devices are

generally of plug-in-type. The required modules are plugged into terminal base. The terminal base
fits into the switchboard cases and rackmounted frames. The required plug-in-devices are selected
to form the required protective and control systems. e.g. app. 50 em x 20 em panel space can ac-
commodate upte twenty relay modules with individual targets and 120 contacts, With plug-in type
modules, the time required for screwing is avoided, The wiring is also minimised, The required

elc‘ctmrln echanical or static relay modules and other auxiliary devices are plugged in to form the
protective and control system.

38.9. STATIC RELAY FUNCTIONAL CIRCUITS AND INDEX OF FUNCTIONS

The various functional requirements for measuring units, all-or-nothing units, auxiliary units
and components are defined, standardised and each unit given certain index number. The index of
functions consists of over 300 identified and standard functions,

The pre;lominantly static relay is formed by combining required protective and auxiliary relay
functions with one or more static relay unit,

) The basis protective ifunctilons required for protection of Generators, Motors, Transformers
Lr.n_es,l bus_bars etc. are Ldem‘zc_ai with those studied in earlier chapters. Only the range and charac-
teristics differ with each application, e.g. consider overcurrent protective function which is used in

generator protection, motor protection, transformer protection, The overcurrent protection may be
further subclassified into :

— Instantaneous overcurrent — Definite time overcurrent
— Inverse time overcurrent — Under current
— Directional overcurrent — Phase fault, Ground fault functions.

7_ |
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The basic overcurrent functional circuit or unit is used in respective static protection system for '
achieving overcurrent function. In static relays a large number of protective functions can be com-
bined in one relay unit. In static protective systems, several protective relay units can be combined
on one protection panel.

The principles of basic protective fi unctions, viz, overcurrent, differential, distance etc. and the
basic principles of protective zones main and back-up protection, desirable aspects of protective
relays with respect to speed, accuracy, selectivity, diserimination sensitivity, reliability, adequate-
ness, characteristic CT and VT connections ete. described in Ch. 25 to 37 apply to static protection
systems. However, measurements in static relays is performed by electronic circuit and not by an
electromechanical unit.

The standard terms and definitions (Sec, 25.8) have been evolved based on electromechanical
relays and their protective systems, These terms are generally applicable to predominantly static
relays with certain restructuring wherever necessary. Terms and definitions used with Digital Com-
puters and Microprocessor (Sec. 46.2) are applicable in the terminologies for Microprocessor based
protective and control relays,

The following sections and Chapters have a reference to predominantly static relays,

38.10.TYPES OF MEASURING AND ALL-OR-NOTHING RELAY UNITS (Ref. Sec. 25.8.3)

1. Measuring Relay. The relay which responds to an electrical quantity (or one of its
parameters the name of which characteristics of the relay) and the response of the relay depends
upon the measurement of the characteristics quantity and the response characteristics of the relay.

2. All-or-nothing Relays and Auxiliary Relays. All-or-nothing relay is an electrical relay
which is intended to be energized by a quantity, whose value is either

— higher than that at which is picks up

— or, lower than that at which it drops out,

Note. The adjective ‘All-or-nothing’ can be deleted when no ambiguity will result. Auxiliary relays, latching
and time delay relays fall into the category of All-or-nothing relays.

3. Latching Relay (Bistable Relay). It is an electrical relay which having responded to an
input energizing quantity (or characteristic quantity) and having switched, remains in that condi-
tion after that quantity has been removed.

The position of a bistable relay can be controlled by two input circuits (A and B) or by two
methods of connections of one input circuit (A)

— The A condition is that condition which corresponds to the energized condition related to A

input cireuit.

— B condition corresponds to energized condition of B input circuit.

4. Monostable Relay (Self-reset relay). A relay which having responded (to an input ener-
gizing quantity or characteristic quantity) and having changed its condition returns to its previous
condition when the quantity is removed.

5. Timing Relay or Time Delay Relay, A time-delay relay that introduces a fixed or set-time
delay into the operation of associated function. Non-specified-time relay has no accurate time.

6. Static Relay. An electrical relay in which the response is developed by electronic, magnetic,
optical or other components without mechanical motion,

Note. A relay which is composed of both static and electromechanical units and which is
designed to achieve the response by means of static units is also called a static relay. In static

relays the measuring relays are static. The all-or-nothing relays ave either static or electromechani-
cal.

7. Starting Relay or Starting Unit (Element). The element (unit) or a protection system
which responds to faults or abnormal service conditions and initiates operation of other elements
(units) of protection system.

8. Polarisation. A term applied to input that provides reference for establishing the direction
of system phenomena (such as direction of real power, direction of reactive power, direction of fault,
direction of disturbance).
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9. Biased (Restraint) Static Relay. Bias (restraint) means the action of input quantity which
when present results in increase in the threshold value of another input quantity or otherwise limits
the operation of the relay. Biased Relay is a relay in which the operating value is modified by means
of additional electronic circuit which provides restraining rendency.

10. Blocking Element (unit or relay). An element (unit or relay) of a protection which under
certain conditions limits or prevents the operation of other elements.

11. Programme, A sequential instructions that direct a microprocessor or computer to perform
desired arithmetic and logical operations to perform specific tasks. Programmes form the software,

Programmable Relay : Flexible Relay, Microprocessor Based Relay.

A relay which responds to electrical quantities in accordance with the programme,

A programmable relay (or system) has a microprocessor or a microcomputer its functional sys-
tem. The programmable relay (system) performs protection functions/control functions/data trans-
mission functions/memory functions/self monitoring funections etc. by means of digital measuring
techniques, programmable logic. The type of characteristic (e.g. inverse, very inverse, extremely
inverse, definite time) can be selected directly of the relay in accordance with the changes in the
network.

12. Real Time (On line), The actual time during which the relay/protective systems is in the
state such that it can respond in accordance with the programme. On line protective and control

system is a programmable system which takes into account the actual gquantities on the line in real
time.

38.11, ANALOGUE AND DIGITAL SUB-SYSTEMS IN PROTECTIVE RELAYING

The hardware used in the protective relaying system can be divided in the following three major
classes :

(1) Analogue (2) Digital (3) Hybrid

All the three types of hardware are now commonly encountered in the power system protection, -

moniforing, control and also in various branches of power system engineering. Whereas during
1960’s analogue and digital computation hardware was not introduced in stand-alone functional
assemblies, the situation has changed rapidly during 1970’s and 80’s. The development of Large
Scale Integrated Circuits (LSI) technology has resulted in development of both Analogue and Digital
functional devices called ‘Microchips’, (Ref, Sec. 38.9)
The microchips (either Analogue or Digital) are functionally powerful (can perform several fune-
tions) and relatively cheap (as compared with earlier PCB circuits) (Ref. Sec. 38.9)
The protection/monitoring/control system has several functional systems (modules)
The functional modules can be either analogue or digital and in the form of ;
Table 38.5. Forms of Functional Modules
— Discrete components connected by hardwire**
— Printed Circuit Board (PCB)**
— Integrated Circuits (ICs)**
— Large Scale Integrated Circuits (LSIs)**
— Microprocessor-based circuits*
— Digital computer based circuits*,

38,12, ANALOGUE PROTECTION SYSTEMS

In the engineering practice, analogue electronic circuits are used universally. These may be in
form of PCB’s or IC’s. The required relay characteristics with certain variables (e.g. I and ¢ for over-

*These are Digital type fixed programme or may be programmable,
** These are either analog or digital.
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current relay) are represented by equations. The analogue circuits are formed by resistance
capacitance, inductances, and protective features are added by using comparators. The analogues
quantities are compared in comparators and the comparator distinguishes between the healthy and
abnormal condition in the protected circuit. The analogue circuits can be used for solution of dif-
ferential equations, for integrating current/voltage, for scating, for amplifying, for summing, for
comparing and for obtaining more complex characteristics. Table 38.6 gives summary of important
analogue circuits used in protective relays.
Table 38.6. Standard Analogue Electronic Circuits
used in Static Relays

Analogue circuit Remarks L Reference
1. Operational Amplifiers — Basic element in analogue computation, B | Sec. 3821
— Represented by a triangle. Fig. 38.29
— Used in circuits for addition, subtraction, o
) integration, differentiation, and other cnmbina‘ﬁnns.
B — Available in the form of IC, L.S.C. Table 38.3
- — Available in very wide range of specs. o
— Has limitations. - Table 38.13
2, Inverting Amplifiers R B i
Vo==2 ¥, Sec. 88.24
R’
" 3. Analogue Addition Summer, Vo==(Vi+Vy) ) Sec. 38.24
4. Analogue subtraction V= Vy-V, or
(subtractor) z Sec. 38.24
5. Analogue Int t ' ) S
e Vieiks | v Sec. 38.24
RC
6. Analogue Differentiator dv, R
e Vo=-RCSE Sec. 38.24
e Analogue Level detector. Y= f’u Sec. 38.24

8. Analogue Comparator V, > V,, output V, positive V, < V,, output V, negative
Alternatively Output Vi, V=0 for (V, - V) Positive | Sec. 3824

Vg = Vg for (V- V) Negative.

Generator certain well defined forms of functions eg.
steps, ramps, square wave triangular wave, sine wave,
- Standard function generators are commercially available,
10. Multifunction convertors, | Several standard combinations of available commercially
which provide a range of non-linear analogue functions
8. a typical convertor may provide : Multiplication,
division, square, square root, exponential, roots, sines,

cosine, tan~ 1 (y/x), x2 +y2, log x ete.

It comprises several operational amplifiers circuits such
as summer, inverter etc. The analogue computers are
used for power system studies and in real time
>, computing,
12. Digital to Analogue Gives Analogue output Vy proportional to the digital
Converters (DAC) input (V).

m]ngue to Digital Gives Digital output V, proportional to analogue input o
Convertor (DAC). V.. Sec. 31.25

9. Function Generator

1L Analogue computer.

14, Analogue Multiplexers. Used for converting a number of Analogue signals to a

single ADC,

By use of ADC and DAC the analogue and digital circuits
are combined to get Hyb.

"16. Hybrid circuits
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38.13, LIMITATIONS OF ANALOGUE SYSTEMS

is limi solution with which
Analogue computation has lesser accuracy. The accuracy is lu:“::d II;Y T L:Léit;lr;ﬂ\;::-ha":v o
" the i 'y be measured. Analogu 5 are,
the chosen analogue quantity (e.g. current) can : s ol
prienciple continuous and the limits of resolution are physical effects such as wire-to-wire
spacing of potentiometers, randorm circuit noise ete.
i ifier ing limitations :
— Operational amplifier have following limita . ) Al _
1. Voltage gain falls and phase shift is produced between input and output signals for frequen
cies beyond the range. .
2. The transient response to step functions in sluggish.
3. Output impedance is low.
4. With feedback, operational instability may be introduced.
i ions are diffi btained.

5. Logic operations are difficult to be o _ . o a3
— Digital and programmable operations are not possible, This presents a S‘t?l?ls lln:lqlt:it;}nl ;:
complex protective functions. Hence, analogue protective relays are used for less p

functions. ) .
— Dugital techniques are being used increasingly and are replacing analogue techniques for
many protective functions and this trend with continue.

38.14. DIGITAL AND PROGRAMMABLE ELECTRONIC STATIC RELAYS

Digital electronic circuits process the inl‘urmati'un by Pmcessin‘g descrgte el?}:g;i?;i: L;Jr;.l]ljsq ;:]1
digital form. They can perform si;nple Ic.'fic andIurrc{:l:glezﬁu{gggﬁt;o?j} f?;in ;aqny“em. i ([igita]
ons sis functional circuits required for E system. o
gl)e;frziti];ugit;-ctjietsb(i:r: be used to hold and store discrete ir:lfarmatinnl by me;utus‘ _u;:lf_1 ‘n]i;:;:i’]’;pzi::
ability to store the information or data and to process thlc data by logxcal Iana du.r. Tdarli o L:;)m‘
is the inherent feature of digital data processing systems including microprocessor ar g .
uters. . o .
¢ The protective relaying functions require sequeni?i?l operationsl _c]ep;a;}ld“l!\g i]p:;g;‘llfu:::ﬁit;?:;
being processed. The digital protective relaying h:_ns ability to de_termmm? t ‘Lgbgug'rtita] ) }1t.em~ e
which are performed on the basis of the information or dqta b_emg processed. ‘:15, 8ys
be classified by the wave in which the sequence of operation is to be lm[tllemelllt(. 2
Presently three forms of digital systems have become ccmmercilal successful ; ‘ ) ‘
1. Hardwired logic is used extensively for performing combination and sequential logic opera-
tions.
2. Microprocessor
3. Very large scale Integrated devices (VLSI)

38.15. HARDWIRE DIGITAL SYSTEMS

A digital system is called hard-wired if the sequence of operation is gqvcme;il b}; [P-lfjjs-l\i?l pi:}
terconnections of the digital processing elements by means of 3011(.’ conducting pa 11 1‘4 i £he:
For example in a hard-wired logic system, physical intercon?ectwns_({f elezmean, 101..1;—0“ e
route by which the data flow between processing eiementl:s. I'he physical ]nt'l?}l;cant,lhithard_wircd
wired) determine the sequence or processing operations })Ertorl?ffd on the dit%'. us A
digital protection and control system has fixed sequence of digital computation proce
sequence of operations. o N S

i This type of system is designed for specific protective or control fuﬂ(‘.tl;;l alm:l1 |z t::ill_?::: ?5;1:,10
flexible. If the processing function has changed and the gequence process {? am;am ge e
be charged the processing elements and their interconnections (wiring) also nee : 1

>
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38.16. PROGRAMMABLE DIGITAL PROTECTIVE AND CONTROL SYSTEMS

A digital protective and control system is called ‘Programmable’ if the

in the systems ean follow a ‘Programme’ i.e, the sequential instr
(Sec. 43.28)

data processing function
uctions to perform specific tasks

Programmable Digital system incorporates a general purpose processing element (Micro-
processor or Digital computer) to which a programme (instructions in particular required-fashion)
are fed. The programme has a purpose to implement specific functions in predetermined way.

The coded instructions are normally stored in the memory part of the
forms an integral part of the system.

The ability to define the digital functions by programming gives a significant ‘flexibility’ into
the system, It also enables an identical programmable hardware to be used for several different
applications by using appropriate programmes.

system and the program

36.17. FORMS OF DIGITAL ELECTRONIC CIRCUITS
1. For less complex functions, hard-wired digital logic circuits
several logical functions. The integrated circuits may be called :
— Small Scale Integrated Circuits (SSTC)
— Medium Secale Integrated Circuits (MSIC)
— Large Scale Integrated Cireuits (LSD)
— Very Large Scale Integrated Circuits (VLSI)

2. For complex functions where ilexibility

are used extensively to perform

is required programmable devices are used.
The programmes may be of following types :

— Mieroprocessor based for complex functions
— Digital computer based for very complex functions.

The trend is toward increasing use of microprocessor based protection systems with each

in
dividual protected system,

38.18.INTEGRATION A CONTROL AND PROTECTION FOR HIGH VOLTAGE
AC SUBSTATION

The modern AC Networks are formed by
AC Networks (Areas), The hierarchical leve
(2) Regional load control Centres (3) Power
(Sec. 46.1, 50.4). Several supervisory,
tion control room,

interconnections two or more independently controlled
Is of control include (1) National Load control centre
Station Control Rooms (4) Substation Control Rooms
control and protection functions are performed from substa-

Before 1985, the protective functions were segregated (separated) from control functions, with
traditional electromechanical relays and earlier generation of hard-wired static relays, the functions
of protection systems were limited to (1) Sensing faults and abnormal conditions (2) Giving alarm
(3) Tripping circuit-breakers (4) Autoreclosing of Circuit-breakers. The substation supervisory func-
tions and conirol functions were independent of the above proteciive functions,

With the development of Programmable Digital Systems i.e. Microprocessor Based Systems,
the entire supervisory functions, control functions, protective functions can be combined (in-
tegrated), The microprocessor based or Microcomputer based Integrated or Combined ¥ ion,
Monitoring and Control Systems (CPMC) have been introduce ati
Substation during 1985-90 and are-ca pable of performing the

e
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Fig. 38.1 (f) Concept of combined Protection, Monitoring and Control System
(CPMC) with modern microprocessor-based Digital Relays.

Table 38.7. Functions of Combined Protection, Monitoring
and Control (CPML) in EHV-AC Substations

Busbar protection, Transformer protection, Transmission line protection.
Synchronizing.

Load switching, Sequential operations Tapchanging and voltage control. Load
Shedding System restoration

Data colleetion

Data logging

Fault annunciation
Sequential event recording
Measurements
Disturbance recording
Remote control

Interlevel communications. | Communication between two levels e.g. control centre and sub-station control
room.

Protective Functions

Automatic functions

Supervision and
Monitoring

Manmachine Interface Display, instructions ete.

Construction Principle. Most of the functions are performed by the substation CPMC system by
means of Microprocessor or microcomputer in accordance with the stored Software (programme). The
software in modularised to facilitate incorporation of new functions and to simplify future extension.
Building block principle is used. The total CPMC system is tailor-made with required plug-in modules
inserted on a standard racks. Combined protection Control and Monitoring System prove economical for
complex protective tasks such as those for EFHIV-AC substations and HVDC substations.

Summary

In static relays the measurement is performed by static circuits. The static relays have following
types :

(1) Analogue relays (2) Digital Relays, The static relays are assembled by using Printed Circuit
Boards (PCB) or Integrated Circuits (IC's). Earlier relays were fixed wire relays having certain
functional circuits.

The recent generation of static relays are ‘Programmable Relays’. Programmable static relays
are ‘flexible’. Programmable static relays include ‘Microprocessors’ or ‘digital’ computers in their
circuits, Most recent advances include Combined Protection Monitoring Control Systems incor-
porating microprocessors or microcomputers,

With the developments in digital techniques and microprocessors, the static relays with
microprocessors have become commercially acceptable. The static relays are preferred for almost
all protective functions and the use of electromechanical relays is now rapidly reducing to very
simple protective functions and auxiliary relays.

38-B

Introduction to Analogue and
Digital Static Relays

Semi-conducting Material — Semi-conducting Devices — Diode — Transistor — Thyristor — Zener
Diode — Thermistors — Logic Circuits — Digital Systems — Analogue Systems — Operational
Amplifier and its Applications — Analogue/Digital Conversion — Auxiliary Voltage Supplies
Smoothing Circuits — Use of Zener — Timer Circuit — Transducers — Static Directional Units —
Logic Circuits — Negative Sequence Circuit — Summary

Section 1. SOLID STATE DEVICES

38.19. SEMICONDUCTING MATERIALS

The common semiconducting materials are germanium and silicon. The resistivity of semicon-
ductors lies between that of insulators and good conductors. The electrical resistivity of semicon-
ductors decreases with temperature, Both germanium and silicon belong to the 4th group of periodic
table, thereby they exhibit inertness. These materials have covalent bonds amongst their atoms.

If germanium or silicon crystals contain no impurities, the only current carries present are
those produced by the thermal breakdown of the covalent bonds.

They are called intrinsic semiconductors. In general however the germanium crystals contain
some trivalent (such as iridium) and some pentavalent (such as Arsenic) impurities of the materials.
The formation of covalent bonds with a pentavalent impurity still leaves an excess electron in the
outermost orbit of the atom thereby making the material behave as if it is an n-type material. It
means that the excess electron or negative change is available for conduction. Silicon is used in
semiconductor devices now.

In a similar way an addition of a trivalent impurity makes the material behave as if it is P-type.
This is because there are only three electrons in the outer-
most orbit of the impurity atom which has to form a bond

with the 4 electrons in the outermost orbit of the atom of the P N

material, thereby giving a deficiency (hole) of an electron for HOLES .

stable covalent bond. ELECTRONS
As a result pentavalent impurity in the semiconducting e

material makes it behave negatively (surplus electrons) and
trivalent impurity makes the materials positively (surplus
holes or unfilled electrons). For n-type materials, electrons
are called major carriers holes being minor carriers. For p-
type materials it is vice-versa. Semiconducting materials
added with such impurities are called Extrinsic semicondue-

tors, ._.__5_|| Jl ! [P_g___._...._._..
P.N. Junction

When there is no external connection made to p-n junc-
tion there is tendency due to diffusion for the electron of the e
nh-region to cross in the p-region and vice-versa. This creates D[Il
a potential barrier across the junction as if an external
source of e.m.f. is connected.

CATHODE

Fig. 38.2. Forward Bias of a p-n junction.
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Fig. 38.3. Current voltage characteristic of p-n junction Diode.

'I_‘he majority carriers are now able to cross the junction constituting considerable currents, The
relation between current and voltage is shown in Fig. 38.3 p-n junction has rectifying characteristic,

When alternating voltage is applied to the p-n junction, large current flows for half cycles during
which P is positive and N negative.

38.20. SOLID-STATE DEVICES : (BRIEF INTRODUCTION)

Several solid-state devices have been developed during the last thirty five years and several
new are being developed. A brief introduction to solid-state devices is given here for the sake of
familiarity.

38.20.1. Semiconductor Diode

A junction between n-type and p-type semiconducting materials is called p-n junction. Diode
consists of a p-n junction and has two terminals. There are several types of diodes. The manufac-
turing methods include grown junction method, alloy junction method, diffused-junction method,
combination method. Diodes are rated for peak inverse voltage (p.i.v.), i.e. maximum voltage be-
Fween anode and cathode which the diode can withstand in reverse direction. While employing diode
in a.c. cireuits, the peak voltage of alternating voltage should not exceed peak inverse voltage of
diode, Diode is used for rectification. Diode offers low resistance to current in forward direction and
high resistance in reverse direction. The parameters of a diode include the p.i.v. maximum power
dissipation, maximum voltage and current, operating temperature and storage temperature,
capacitance, recovery time, maximum forward and reverse current, time of application of voltage
surge, ete. Point contact diodes have high peak inverse voltage, high reverse resistance. They are
used in high frequency and fast switching applications. Current limiting diodes allow constant cur-
rent for a wide range of voltage across them. They are used in bias circuits, differential amplifiers,
ramp and stair generators, over-current protection within the circuits, ete. Planer diodes are
amongst the integrated circuits. They have high reliability, reduced capacitance stable perfor-
mance, high switching speeds. Zener diodes have constant voltage across them for wide range of
reverse current. They are used for voltage stabilization and voltage regulating circuits.

PN junction diodes can conduct only in one direction, i.e. in the direction of the arrow.

E 3

INTRODUCTION TO STATIC RELAYS 723

Semi-conductor Devices for Static Relays.

As regards, diodes and transistors, only silicon type are used today. Germanium is no more
used due to poor quality such as high temperature dependance. Avalanche type diodes are used in
circuits exposed to voltage transients. Avalanche diodes have better withstand against transient
overvoltages compared to other types. Regulating diodes (Zener diodes, current regulating diodes)
are used on static relays mainly to obtain stable reference voltage. In static relays circuits voltage
stability tends to be the best at 5-6 volts with very low temperature coefficient and hence zener
diodes with this zener voltage rating are widely used. Current regulating diodes are also called
upon to protect the sensitive components from voltage and current transients. Uni-junction tran-
sistors are mainly used in time circuits as voltage level sensor organs where they have proved to
be stable and have low temperature dependance. Thyristors are used in output stage in series with
trip coil or tripping relay. A sudden rise in anode-cathode voltage can unduly trigger the thyristor.
Hence triggering of transistor due to over-voltage transient should be prevented.

38.20.2. (B) Zener-Diodes (Voltage Regulating Diodes)

Zener diode is used for voltage stabilization.

Zener diodes have been developed in range of from a few volts to several hundred volts and for
power-handling ability of over 100 Watts,

Some reverse biased junction diodes exhibit breakdown at a very low reverse voltage (about 5
volts) due to spontaneous pairs within the junction region from inner electron shells.

Zener diode can operate in reverse breakdown mode continuously without damage. Fig. 38.4
illustrates the characteristic of a zener diode. Under reverse breakdown condition, for a wide range
of current the voltage across the zener diode remains constant. This property is used in voltage
regulator circuits.

Zener diodes are silicon diodes, having low reverse voltage and reverse current being very small,
at a certain reverse voltage however the current increases very rapidly and is limited by external
impedance. The voltage across the zener diode remains fairly constant over a wide range of reverse
currents. Hence, the voltage across the zener diode is held constant and the zener diode can be
used for stabilizing the voltage. The
reverse voltage at which the sudden-
ly increase current occurs is called 4
Zener voltage or breakdown voltage. ’ EE
No damage iz done by operating SYMBOL OF
zener diode in reverse current condi- ZENERDIODE
tion upto certain limit. Zener diodes
are available with zener voltages
from 3V to several hundred volts 50 |
volts being quite common, <= REVERSE VOLTS

The voltage of Zener diode chan- e ~J 1 2 3 4
ges with temperature. Zener diodes ¥ ';_,_._..._-/ (A R
below zener voltage above about 5 V FORWARD VOLTS
(called avalanche diodes) have posi-
tive temperature coefficient. Below
this value the Zener diodes (called
field effects diodes) have negative
temperature coefficient. A combina-
tion of forward connected diodes and
reverse connected zener diodes is T
used to overcome temperature ef-
fects.

—_—

BREAK-DOWN
VOLTAGE
FORWARD CURRENT (ma)

CURRENT (ma)

|
1
1
¥
-— REVERSE

CONSTANT VOLTAGE

| Zener diodes can be connected in
suitable series circuit along with volt-

Fig. 38.4. Characteristic of Zener diode.
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age grading parallel resistors for surge suppression.

38.20.2. (C) Junction Transistor (Bipolar Transistor)

Transistors are used in amplifiers, level detectors, switching circuits.

A junction transistor has two junctions and can be either PNP or NPN transistor as shown in
Fig. 38.5. In PNP transistor a N-type layer is sandwiched between two P-type layers [Fig. 38.5 (a)],

I
EMITTER COLLECTOR |EMITTER COLLECTOR

Iy
|
— PN [P =l N|P N |~
1
1
BASE ; BASE
]
1
|
EMITTER COLLECTOR | EMITTER COLLECTOR
|
]
I
]
|
|
BASE I BASE
I

Fig. 38.6 PNP and NPN Transistors,
In NPN transistor a p-type layer is sandwiched, between two N-type layers [Fig. 38.5 (5)].
Fig. 38.6 (a and b) illustrates the circuit, symbol and Fig. 38.7 represents the characteristic of

a FET. There are several other combinations of connections. When drain voltage is increased, the.

drain current increases. The slope of Iy - VpeVpe depends upon Vg (Gate to source voltage).

+ 6 D
[ T —
GATE I *
P TYPE
- [ GaTe
a s S = Source Terminal
SOURCE + 5 .
S {__H& ﬂ—‘[ 2 —oonA e Ves @ = Gate Terminal
N TYPE GHANMEL ‘v L D = Drain Terminal
b
=g Ves._o5 b—

Fig. 38.6 (a) Structure of FET, Fig. 38.6 Symbol of FET (Field Effect Transistor).

Vg =0

Vas = Vpld

Vas = Vo

W,

R

Fig. 38.7. Characteristics of FET.
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Fig. 38.8. Schematic diagram of

38.20.3. PNPN Devices and Thyristor Tripping Circuit
PNPN devices consist of four regions arranged as shown in Fig. 38.8. We will briefly discuss
about silicon-controlled rectifier Silicon-controlled rectifier has two stable states, one in which the
resistance is very low (the conducting state) and the other in which the resistance is very high
(non-conducting state). The device can be switched from non-conducting to conducting state very
rapidly, and very little power is required to bring about
this change. Thus PNPN device exhibits a property ﬂ__
similar to that of thyratron but is far more efficient. The
device is mainly used for switching and power control
e.g. controlled rectifier. In thyristor (SCR) a brief signal .. *__] Plwnle ’ N l -
(positive-charges or heles) into the base P-gate causes I
current to flow. The action is self-sustaining and even A
if the gate current is removed, the anode current con- lf G
tinues to flow. In other words the thyristor is on. A
reverse signal to the gate (negative) can make the PNPN, P-gate type.
thyristor off. Or if the circuit is interrupted by the
auxiliary switch of the circuit breaker, the original non-conducting state is reached,
Thyristor (Silicon Controlled Rectifier) is employed in the output stage of static relays as il-
lustrated in Fig. 38.9. The measuring circuit of relay sends a pulse to gate of thyristor when
threshold condition is reached. The thyristor triggers and the current from battery flows through
trip coil of the circuit breaker. The circuit breaker opens and the auxiliary switch also open as it
is interlocked with the circuit breaker and thereby the thyristor is turned off.

TRIF COIL
D g
THYRISTOR (SCR)
GATE
T—_ BATTERY ) A
SIGN:\L FROM

RELAY CIRCUIT
]
|
|
i

| Y .

Fig. 38.9. Schematic diagram of thyristor tripping eircuit,

There are several types of thyristors such as :

(1) Reverse blocking thyristor (2) Bidirectional thyristor (3) Turn off Thyristor (4) P-Gate
Thyristor, etc. The following discussion pertains to P-gate thyristor only.

1. Application of positive voltage to gate with respect to cathode terminal.

2, Setting up a displacement current in P-type region, by means of a pulse-positive with respect
to cathode, to the gate. The second method is used in the output stage of static relays.

Thyristor can be used in several applications such as controlled rectifiers, motor control circuits,
temperature control devices a.c./d.c. switch circuits, inverters ete.

In typical thyristors, the range of rated forward current covers a few amperes to several
hundred amperes. The thyristor can be triggered by a momentary pulse (4 i sec) of a few mil-
liamperes gate current. When used in a.c. circuits, the gate current pulse can be timed so as to fire
the SCR at the desired angle with each positive half cycle, thereby producing phase control,
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38.20.4. Power Switching Techniques with “Thyristors” . :

Conventional electromagnetic relays and contactors have numerous disadvantage?,‘tl}e molv.mg
parts wear out quickly when the rate of switching is high. There is ?!so a da_ngcr of arcing a:u?sS
the contacts which demands flame proof enclosure if the contactor is to be '1nstalled in explosive
atmosphere, Their efficiency can be adversely affected l‘)y dust and nt]ller air-born Cf)ntaml_l:l?.nts'
‘Thyristors’ have made possible solid state switching dev;ce:‘s, I'1“hese devices perform the operationg
performed by electro-mechanical units but with fow of their disadvantages.

A.C. and D.C. Switching. A thyristor can be regarded as a C:mvelntilﬂr'lal diode (rlecuﬁe‘r)
equipped with a third terminal through which a small pulse o% current in ;n‘yccted to tr igger it,
Unlike the conventional rectifier the thyristor blocks both negative and positive \Iralta_gus unl,f] the
trigger signal is applied. Once triggered, the thyristor will pass current in one d“emmh%l;}‘m t.:le
end of half a cycle when the current drops to zero. If a second pulse is Iapphferl at the next ei (‘:Ty(, e
the action is repeated. In other words, if the potential across the thyristor is suitable, the thyristor
triggers when a pulse is applied to the gate _ i
and it continuous to conduct till the poten- ﬁ
tial is suitable. Thyristors can be used for
a.c. and d.c. switching application with
high reliability, Fig. 38.10 gives diagram of
a single phase thyristor switch., ‘ OUTE

The thyristor conducts for half the e
cycle when forward biased, provided posi- g

INPUT

tive pulse is applied to its gate. At natural
current zero of the wave the thyristor auto-
matically turns off. The period of conduc-
tion in half cycle can be controlled by con- .
trolling the phase of the pulse applied to gate. Two thyristors are necessary to get _conductml? for
full-wave, In d.c. circuit, only a single thyristor of enough rating will be adequate instead of two
thyristors shown for a.c. eircuit in Fig. 38.10,

38.20.5. Triac

The output element of a static relay can be a Trige. Triac is a further _devuln}')mentlof SCR.
Thyristor (SCR) conducts only in one direction (DC) when a positive pulsel is applied to its gate;
and conducts until the DC supply is interrupted. Triac is bi-directional device and passes current
in either direction (A.C.) when triggered by either positive or negative gate signal. Once turn_ed on,
the triac conducts till the load current falls to zero. In D.C. circuit load current should be switched
off by an auxiliary 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 cycle. 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,

38.20.6. Thermistors

Thermistors are used for temperature measurement, temperature compensation cli 'rc.uits. The
types include negative-temperature coefficient thermistor and positive tem;?erature coefficient ther-
mistor. The resistance of an n.t.c. thermistor decreases with the increase in temperature.

38.20.7. Resistors

Variable resistors are frequently used in static delays for continuously setting the oplcra‘hlmg
values, time delays ete, Potentiometers are weakers links in relay circuits as 1'ega¥‘ds _rehahn!llt.y.
Hence care should be taken in choosing the type of potentiometer for particular applications. Wire-
wound type is most common. The reliability of this type is high upto a few kilu-ohms valule‘ Carb-
on-pofentiometers which are widely used in other electronic circuits are not suitable for static relays
as regards precision and stability,

Fig. 38.10. Single phase thyristor switch.
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A new type of potentiometer called cemeto potentiometer is being widely used in static relays,
It consists of a semiconducting material,

Carbon resistors are rarely used in static relays, Instead, metal-oxide resistors, metal film resis-
tors and wire-wound resistors are used. .

38.20.8. Capacitors

Capacitors are used in time circuits, integrating and differentiating circuits, filter circuits,
smoothing circuits, protective-cj reuits of static relays. The selection depends on desired quality,

In time circuits, high stability and low leakage currents are desired. Plastic dielectric capacitors
are, therefore, preferred,

Polycarbonate capacitors are generally used where high stability (better than 19%) is needed.
Electrolytic capacitors are rarely used in static relays except in uncritical circuits suc
circuits of feeding devices. Tantal electrolytic capacitors are better asre,
electrolytic capacitors.

Capacitor Units

Separate plug-in modules of capacitor units are used in static protection systems. The standard
units can be ordered and kept as spares. Capacitor units are available for
— Auxiliary relay pick-up and drop-out circuits
— For impulse lengthening or shortening
— For feeding trip coils upto 300 W, during interruption of auxiliary power. These units
capacitors of following type :
(1) Aluminium—EIectrulytic Capacitors (wet type)
— 16 V.220 uF to 63 V, 47 WF,
(2) Tantalum&Electrontic capacitors :
— 6V, 330 uF to 350 V, 47 uF.

38.21, PRINTED CIRCUIT BOARDS WITH DISCRETE COMPONENTS

The task of connecting the discrete ( e, separate, individually identifiable), components was
simplified by using Pre-printed Circuit Boards. Complete circuit is printed and etched on insulating
board, and conducting material is filled into eached portion to provide electrical connection between
the discrete components (resistors, capacitors, discrete components are inserted in the cavities
provided in the board and terminals are soldered. The PCB’s can be plugged into a frame in a
modular form to get a compact and simple standard assembly. The first generation of static relays
was with discrete components, The PBC circuits were much compact than the value circuits. The
manufacturing process was also more economical and faster. However the reliability was not en-
tirely satisfactory one to large number of discrete components,

The second generation of static relays was with integrated circuits (IC’s), The static relays with
IC’s are most compact and have higher reliability.

38.22, STATIC RELAYS WITH INTEGRATED CIRCUITS

The hybrid IC’s have resistance, capacitance, and R-C circuits formed by depositing conducting,
semi-conducting and insulating materials on a passive or a neutral base such as glass or ceramic,
by process of diffusion, printing/doping. These are not truly monolithic IC's, but a step towards
IC’s.

Truly monolithic IC has a basie electronic circuit (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 entire circuit is formed in a single manufacturing process,

A single silicon wafer of about 25mm diameter can accommodate about ten to hundred IC’s
size of individual circuits.

made simultaneously, the number depending upon the complexity and




e

728 SWITCHGEAR AND PROTECTION

The individual IC’s are then separated. To give an idea, a complete IC comprising about 12 tray.

; ; 2 i
sistors and associated resistors can be accommodated on a 1.3 mm?. The IC package contmmng
this circuit and terminals will be about 1.5 mm?2.

Such a circuit is known as Integrated Cireuit (I1C). Integrated Circuits for commoq functions ayp
manufactured on large scale as per international standards (IEC 147, 141). Standar(l IC's are commer-
cially available (Ref. Table 38.3). Integrated Circuits can be broadly divided in two categories.

— Analogue — Digital

Analogue IC’s operate on continuous signals and linear range. They are use'j. msllinly in. opera-
tional amplifiers, oscillators, regulators ete. (Ref. Table 38.3). They find ﬂpplicatlf)n in carrier cuy-
rent protection, and various static relay functional circuits. Digital IC’s are ‘prmmpally used ag
switching units which perform on/off function, These IC’s do not require precise con_\poner?ts 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. (Ref. Table 38.3).
Table 38.8. Integrated Circuits

Analogue (Linear)
‘Oﬁﬁé_raﬁbﬁél amplifiers
Flip-flops Peramplifiers

Monostable circuits AF. amplifiers

Pulse generators Z.P. amplifiers

Emitter-coupled circuits Power amplifiers

Schmitt triggers ete. Voltage regulators

NAND, NOR, AND, OR Gates Wideband amplifiers
Transistor-transistor circuits chgl detectors ete.

Digital

Inverters

The digital systems are based on pulse and pulse chain inputs. They are used in logic circuits.
Logic circuits are being increasingly used in protective relaying.

Monolithic techniques are used to make ICs (Integrated Circuits). A monolithic circuits is con-
tained within a single crystal. The advantages of integrated circuits compared with diserete cir-
cuits™® (*circuits where various separate components are connected to form the cireuit) include :

(a) Higher total reliability as number of soldered points is reduced.

(b) Smaller dimensions, () Generally, lower price,

(d) High stability due to uniform temperature in the monolithic cireuit.

(e) Design is simplified.

38.22.1. Reed Relays

(i) Application. Reed relays are not static devices, They are used in industrial control Circuits
and Switching Circuits. Reed relays are sometimes used in between conventional input device and
solid state logic circuits. Reed relays are used in low voltage, low current circuits.

Conventional electromagnetic relays are used in majority of application. However, reed relays
are used in logic circuits and where the contacts need the following :

— Sealed construction to overcome problems of dust, humidity, corrosive fumes.

— Faster switching, repeat accuracy,

— Large number of switching cycles.

(ii) Construction. (Ref. Fig. 38.11) The reed relays consists of a set of pairs contacts on two
long flat strips (Reeds) of ferromagnetic material. The other end of reeds are fused into glass tube
which is hermetically sealed and filled with inert gas like nitrogen. Contact tips are plated with
silver or gold for lowering contact resistance,

The tube is surrounded by a coil. When current flows through the coil, the magnetic field causes
magnetisation of the reeds. The contact ends get opposite polarity. Thereby the contact get closed.
On removal of the magnetic field the reeds reach the original open state.
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In Reed Relay with normally
closed contacts, a permanent biasing
magnet is placed near the tube. The
reads remain closed due to magnetic AEED

TERMINAL

field of the magnet. When the coil is =

energised, it gives a magnetic field
opposite to that of the permanent- Slass
biasing magnet. Thereby the total
field is zero and reeds open. When
the current in field coil is stopped, the
reeds come in closed position due to
the field of the permanent magnet.

Tuge

Fig. 38.11 (a) Reed relays operated by magnetic coil,
Coil energised — relay closes Coil de-energised -— relay opens.

FIELD OF MAGNET

b}
’
PERMA
\T = WAGNET | = ;
LSS
AT, When

S closed = C open
FIELD OF 4 S opened = C closed
COIL “MAGNETIC FIELD
OF MAGNET

Fig. 38.11 (b) Reed relay with permanent magnet and magnetic coil.

(iii) Typical Characteristic of a Reed Relay

38.23,

(&)

Continuous Current rating ¢ 0.1 A to a few amperes
(main contacts)

Operating time : 1 ms.

Switching capacity : Upto 50 W

(main contracts) (recently)

Number of operations : 106

Number of contact-pairs : Upto 6

STATIC DIRECTIONAL UNITS

Hall Generator. Hall generator consists of a semi-conductor flat erystals usually N-type

Germanium, placed in magnetic field created by voltage coils (Fig. 38.12). Current is passed th rough
the crystal, from one edge to the other, A d.ce.m.f. ‘E’ appears the mid-points of the other edges of
the crystal (Ref. Fig, 38.12).

The d.c.e.m.f.'E’ depends upon the phase angle between the flux produced by voltage coil and
the current. This property is used to obtain the measurement of phase angle between V and I for
directional relays (Ref. Fig. 38.12).

(it) Magneto-resistors. These devices have been recently developed. Their resistance depends
upon the surrounding magnetic field, This property is utilized in them in using directional units.

High repetition rate due to rapid response of the elements,

Unaffected by shock and vibration.

Require no maintenance of adjustment, space saving.

Can be used in dusty, humid or corrosive atmosphere,

Enables sequential control circuits to be arranged which memorize their information, even
in the case where the power supply is cut-off.

Complete eliminating of race condition due to non-simultaneity in the operation of closing,
opening and inversion of the different contacts of a relay.




Each input and output line must be in one of the two possible states at any given time. For
instance a line may be ‘on or off, i.e. ‘conducting, or ‘non-conducting’. The output of a logic circuit
is a function of its input. We will not bother about why the circuits behave that way, but only see
how they operate.

N-TYPE
GERMANIUM
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Py Switching circuits are made up of interconnection of basic ‘logic blocks’. Five common functions

731
are performed by logic blocks used in static relays and computers, these are

\ AND OR NOT NAND MEMORY. Logic units can be used in all fields of “
E They are particularly suitable for the following applications : (Ref. Sec. 44.14)

MAGNETIC FIELD —]
PRODUCED BY —
VOLTAGE COILS —

on and off” control.

— Installations requiring fairly complicated sequences of operation; the use of static logic ele-
ments is particularly interesting in complex problems or in those which involve a large num-
ber of variables, e.g., Auto-reclosing schemes.

The term logic variable is used for a
tinct values, conventionally designated
the terminals of a cireuit, a current in

1y

quantity which expressing these states, can only two dis-
0 or 1. This quantity can oceur in the form of a voltage of
the coil of a relay or electrovalve, illumination of a photo-

used for AND functions]. Consider two statements A and B.
38.24. LOGIC CIRCUITS'

The entire statement can now be written as ‘A and B* or ‘A A B’ where
Complex protective relays can be achieved by means of logic approach. A switching circuit may

electric cell, opening or closing of a relay contact or a limit switch stop etc.
11 o These functions will be explained here with the diagram-symbol and the truth-table of each.
| 38.25. AND FUNCTION (Ref. Table 44.2 a)
0 The function is equal to 1 when all the variables are equal to 1.
i The function is 0 when one or more varial is 0. Here ‘1’ and ‘0’ denote the two states such as
—_——— e Y — — —— %) conducting, non-condueting or positive and negative,
(a) Hall generator, Logic Truth Table
il 4 B C=AandB A
AMPLIFIER : —_— — — [ <
v " ouTPUT TRIP CIRCUIT 0 0 0 8 AND
———] HALL = - |
GENERATOR £ - 0 1 0
1 0 0 C=Aand D
(b) Directional relays unit employing Hall generator. : Fig, 48.14,
Fig. 38.12. Hall generator for Directional Protection. 1 1 1
i 3 s AND 0 PPLICATIONS Sl : .
Section I Dﬁl?’;IOg;}RCEI}‘%SREMJ&ZIR A AND function is represented by the symbol A e.g., x A ¥y means x and y. [Symbols A, + ~ are
i

Truth Table AND function
be though on in terms of the schematic Fig, 38,13, WA e 1 -_— e e e——_——n—
VARIABLES FUNOTION If A is false 0 Z 5 S5
» — 1 1 1
INPUTS e SWITCHING If B is true 1. i 0 0
CIRCUIT === OUTPUTS
PR 0 0 0
— = 0 1 0
Fig. 38.13. Schematic diagram of a logic cireuit.

If B is false 0.

AND Circuit, The output C is positive + if all the inputs are positive. Output is negative if
* Ref. Sec. 44.14, Table 44.2 for symbols, one or more in inputs are negative.
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Voltage Truth Table . .
A4 B | C=AAB
A = i = =
- + =
C -
+ =
B + + . : 3

Fig. 38.15

Fig. 38.16 illustrates a logic AND gate achieved by Diodes. It is calle.:d Dliode ‘Logic. This gate
can be achieved either by a discrete component circuit or by integrated circuit (IC).

+
AND Circuit
Truth Table (Ref. Fig. 33.16)
A B c
- =0 B A ¢ =
_ + s
’ . 8 f
L. S S S S '
s —

Fig. 38.16. AND circuit using diodes,
The input terminals have one of the two states called.

[ high | Tlow |
ol e
S
The output also has two states.
Consider the logic of the Fig. 38.16. When both V4 AND V,, are high (+, 1) the two diodes are

reverse biased. Hence the current does not flow through resistor and the output C is at high (+ or
1:);

Hence when V4 AND Vj are +, the output V, is +. This is AND function drops to low (-, 0)

Fig. 38.17 illustrates AND gate employing contact @, b and contactor X. When a AND b are
closed, contactor X closes contacts x.

- O = o R
- - o ol
i.ucuc:c|“’

Fx=a-b
Fig. 38.17. AND gate with conventional contacts a, b and contact X,

INTRODUCTION TO STATIC RELAYS
38.26. OR FUNCTION (Ref Table 44.2 b)

Consider the two statements A and B,

A = Mohan is an Engineer True = 1, False = 0
B = Mohan is a Doctor True = 1, False = 0
C = Mohan is an Engineer or a Doctor
A or B is written in AVB,AUB

A1 5 To-dwb_
2 15 oB

733

¢ 4
0 1 1 . C=AVE
1 0 1 8 C=A0RS
1 1 J 1 C=Aus8
Fig. 38.18.

The function equals 1 if one or more variables equal 1. Conver:
the variables are zero,

Or Circuit with Diode
In Fig. 38.19 the output C is positive if inputs A OR B is positive. Otherwise C is negative,
A

sely the function is zero if all

———__._H___

8 ¢ __ ‘TruthTable

; " . *i:__‘____Eff_Tﬂi:*_‘Fffﬁ
~ = [_ =

%

Fig. 38.19.
The OR operation is performed by cont

in Fig. 38.20 picks up and produces and ou
contacts @ OR b is closed,

acts in parallel in conventional relay

systems, Relay X
tput signal at its normally open cont:

et X when of the

: b 5 A T
& 0 0 ’“ 0
X 1 0 [ 1
X o
| 0 1 | 1
| |
¢ el |____]____J____1_
X
I
Fx=a+b

Fig. 38.20 OR circuit with co nventional contacts a, b and contactor X,

*
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TION (Ref. Table 44.2 ¢) 38.29. MEMORY FUNCTION (STORAGE FUNCTION)
x FUNCT el. Table 44.2 ¢ . 2 ; A ; ; : 3 .
S84 NOT g s . +hild. NOT function is signifies negation The memory unit retains the binary signal for a definite or indefinite period of time, In con-
This function is negative e.g., Mohan is not a child. ventional relays, a self-holding contactor retains its
— T =z contacts in closed position retains the memory for SIGNAL Q
_ A = ; a short duration of time and a magnetically latched
A A 0 1 NOT function contractor for an indefinite time. These are monos- -
| Vo7 1 0 table or single short funetions, Storage functions Q
T have two states : ‘set and cleared’. These states are R,
Fig. 38.21 either of definite time or indefinite time.
Statement A = Mohan is a child. — (i) Monostables. These have a single input
~ pulse. The ‘monostable multivibrator or ‘single
A means not A, shot’ (because it gives a single pulse). In conven- -
The function is equal to 1 when single variable is zero. / A ' tional relays, the definite time storage with a single e
The function equals zero when single variable is to 1. Hence ' pulse is achieved by RC element. A single can be (@) Monostable Circuit.
NOT function signifies that the incoming signal and out- H delaye(l_ by a RC netwmjk or a time-del-fay relay, If
put signal are inversed. In Fig. 33.22, when contact A of con- o ZEEC a pulse is app_lwd tol th_e mput‘uf'suc‘-h a time an out- f
ventional relay is closed, contact C of contactor C* is opened, 7 Putl pulse hﬂ_"lﬂg a llmllted period T'is produced, :Phe T l'_‘
When A is open, Cis closed. In other words C = A4, i.e, C = NOT \ period GF_T is determined by the RC elen_w_nt. The
2 ! output signal can be delayed by combining the ° — 1
' PR L timer with other basic functions, Fig. 38.24 (a) il-
5 : g : lustrates a typical circuit which generates a pulse
38.28, COMBINED FUNCTIONS (Table 44.2, k) . Fig. 38.22. NOT Function with convention : : ;
846 & . ) :Ela}. contact A and contactor contact C. in response to a tlr'lggf_-r pu]seg. T.hr: vy1dth Wofthe % !"Lo~— e N
About 75% logic operations can be achieved by logic gates output pulse is adjustable. This circuit can be called »
AND, NOT, OR. These are used on combinations : 3

as monostable or monostable multi-vibrator,

— 1
NAND = NOT AND NOR = NOR OR In Fig. 38,24, the output @ of the flip-flop is con- [}
‘NAND’ Function. NOT AND is shrinked to NAND. Its Boolean Symbol is |. For example nected to clear C through resistor Ry. ﬁ "'%
A|BorABor A +B. ; Because of this connection this cireuit has only o
Truth Table one stable state ¢ =1 and Q = 0. e
A B C If @ does becomes zero, the voltage V, decays '
- = | + ' towards zero until Vy, stage is reached [Fig. 38.24 % Fj
e, W
A - + + (b)l. At this instant, the flip-flop clears and @ goes
¢ % = + back to 1 and @ goes to zero, ——1
& + + = L Thus the state with @ = 1 and @ = 0 is unstable ®) “F:“_“;;“;"fsh;’: M”i";slt"‘h'“‘
- and persists for a pulse with Wwhich depends upon £rirete Monostable.
RCy time constant,
ig. 38.23 y 5 . 5
RES = In static relay circults, monostables are used for a variety of timing application such as produc-
A B C=AB=A+B tion of pulses of specified width, production of delayed waveforms etc. For example, the trigger T
giventoa triggering circuit (Ref. Fig. 38.24) could be used

0 0 1 to produce a pulse of width W required in a particular ap- 5

0 1 1 plication. ch

: ? cll (&) Flip-flop Bi-Stables. Two NAND gates can be

connected back-to-back in such a way that the output of

NOR’ Function. NOR is a combination of NOT OR. Boolean symbol is | eg. A J'_B‘ one element is connected to the other element and vice

A B B=1LB A B B=AlB . verse,
5 0 1 = 23 + In set-reset flip-flop (S-R flip flop). (Ref. Fig. 38.25)
7 = If both S and R are held at 1, the @ and @ continue
1 0 0 i - their respective earlier state. If S is kept 1 and R is set -
0 1 0 - : t0 0, @ will be forced to zero and @ will be forced to 1. If i e
1 1 ! % -

R is returned to 1, without changing § from 1, the output
state remains indefinitely @ = 1 and Q=0 Fig. 38.25. Set reset flip-flop using NAND gates,
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Similarly if R is kept 1 while S is set zero output is forced to 0 while @ becomes 1. If S is
returned to 1 and @ =0. @ = 1 persists. Thus by applying the correct pattern 1 - 0 to S-R inputs
the desired state can be achieved at Q. The circuit retains that state until an appropriate input is
changed.

In other words, the flip-flop circuit retains the binary signal and has a memory.

38.30. FAMILIES OF LOGIC CIRCUITS

The logic functions can be achieved by applying the following elements, Accordingly, the family
or logic circuit is named.

— Diode-Transistor Logic DTL

incorporates diodes and transistors to achieve the logic function

— Transistor-Transistor Logic (TTL)

incorporate Transistors.

— MOS Transistor Logic :

Employ metal oxide-semicon- , V4 (5V)
ductor (MOS) Logic employes J ARz SURRLY:
MOS transistor and diodes in- d 2k
stead of bipolar (junction) semi-  (INPUT) 552“1 4 v
conductors. Va = * (QUTPUT)

(i) DLT Logic (Diode Tran- by D
sistor). Fig. 38.26 illustrates a PPt NPN

basic NAND gate circuit. Transis- Y o
tor NPN conduets when base has

positive polarity with respect to 20 kn
emitter when both inputs V,, and
V}, are (+) high, the current flows
through the circuit + VD, Dy
into base of transistor causing its
saturation. The transistor con-
ducts and voltage of terminal V, is then close to ground potential, Thus the gate acts according to
following logical function :

AAAMAAA
VAWV

V-
| Ve,

Awx. Supply
Fig. 88.26. NAND gate with DTL.

Vrr Vb Vx
0 0 T .
0 1 1
1 0 1
1 1 0

Where V, = 1 represents high potential or V, and V, = 0 represents ground potential of the
V.. This is a NAND logic function. Diode D and Dy do not conduct till the voltage V; does not
exceed 1.4 (0.7 + 0.7). This prevents wrong operation of the gate due to spurious signals. The
propagation delay time of a typical DTL gate is 30 nenoseconds. It is moderately slow, but quite
adequate for protective relaying applications. DTL logic gates family includes AND, OR, NAND,
NOR gates. These can be in form of Diserete Component Circuits or Integrated Circuits. Thereby
DTL family provides a vast scope to the designer of Logic circuit to design any logic sequence. Un-
used input are either connected to ground or to 5 V (+).

(ii) TTL Logic (Transistor-Transistor Logic). Transistor-Transistor Logic Circuit family is
exclusively of Integrated Circuits (IC's) and is not possible with discrete components. A basic TTL

Y——
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gate cireuit is shown in Fig. 38.27. The circuit contains a Multi-emitter input transistor (which is
possible only in Integrated Circuit and not in discrete component), in which the collector currents
is the sum of two emitter currents. The multi-emitter input transistor has behaviour similar to
single emitter transistor.

v+
O
(AUXSUPPLY)
2k . 2k
O.'| VK
(INPUT) (OUTPUT)
NPN
Vi o NPN
V. DOUBLE
b EMITTER
TRANSISTOR

Fig. 38.27. NAND gate with TTL (Transistor-Transistor Logic).

When either of V, and V}, is low (corresponding to 0) the transistor @ will have a positive
current i3. This will drive the transistor @, into cut-off state and input V. will rise to + 5 V (cor-
responding to state), '

When both V; and V;, are raised to 5 volts (i.e. 1 state) then the base collector part of @, gets
forward biased and base-emitter part of @, gets reserve biased. This results in reversed operation
of input transistor @,. The current i 1 is reversed and becomes negative. Output transistor Gy is
driven into saturation. (It conducts from collector to emitter much larger current and collector to
emitter impedance drops down to a low value). Thereby output V, drops to earth potential (state
0).

The truth table of this gate corresponds to NAND operation.

Truth Table of Gate in Fig 38.27:

hi Vi V,
1 1 0
0 1 1
1 0 1
0 0 | 1

When V, and Vj, is high, V, is low
V, and Vj, is not V,
This is NAND function.

(iii) Metal O_xide Semiconductor Logic (MOS). In this family of logic circuits, enhancement
mode MOS transistors are used instead of junction transistors. (Ref, Section 38.9 b)

MOS transistors can be used as ON-OFF switches. Low current part of MOS transistor char-

alcteristicls can be used as resistance. Thus it is possible to fabricate all resistor, switches and tran-
sistors with MOS family.

MOS logic is slower than other logic families (TTL/DTL),
However MOS logic has several advantages such as :
— it requires less power.

— it needls only a fraction of area required by other logic gates. This leads to large scale in-
tegration IC’s, (LSI-IC’s). In MOS-LSI integrated circuits a single chip may contain
thousands of transistors.

N
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DRAIN
LY + f L5 vg& >0

o

Ve5=0

Depleted Mode
Ves<0

Source Vo — =
(@) Symbol of MOS. (b) Characteristic of MOS
Fig. 38:28. Metal. Oxide Semiconductor (MOS).

Pocket calculators with MOS-LSI circuit can perform computation, logi¢ and control functions,

COS/MOS logic gates (complementary symmetry MOS Logic) have both p—typ? anc! n-type chan-
nels. COM/MOS logic gates are available in NAND, NOR and many complex functions. L_Inused
inputs are connected to positive or negative supply illustrate symbol and characteristic or a
COM/MOS inverter.

MOS logic is used in recent digital circuits for static relays.

38.31. APPLICATIONS OF LOGIC CIRCUITS IN PROTECTIVE RELAYING
Logic functions AND, NOT, OR MEMORY INVERT, NAND, NOR etc., can be conveniently
used for the following :
— in measuring cireuit of relay, in comparators, :
— in auxiliary systems for interlocking and control functions (To replace auxiliary and all or
nothing relays)
— for starting and control of power consuming devices.
— for control of power plant and generating systems.
— In conjunction with digital computers for remote on-line monitoring of back-up protections
of system components.
Some of these applications have been covered in section IV.
Consider auto-reclosure of a circuit-breaker. The sequence is as follows :
(Ref. Sec. 44.14, Fig. 44.11),
If fault has continued, open the circuit breaker. If fault has not continued, let it remain closed.
So, the circuit breaker has two alternatives. (To REMAIN CLOSED) OR (TO OPEN)

The static auto-reclosure system suitable for auto-reclosure scheme can incorporate an OR gate,
alongwith other components.

In static comparators, the two inputs to be compared can be fed into an NAND gate. The output
of the AND gate can be given to other eircuit components. (Ref. Ch. 39)

In complex protection schemes, various logic gates are used.

Section III. OPERATIONAL AMPLIFIERS AND ANALOGUE
CIRCUITS
38.32. DEFINITION AND APPLICATION

The term ‘operational amplifier’ is used widely to denote a circuit containing a high gain d.c.
amplifier with a feedback from output to input. The operational amplifier circuit comprises tran-
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sistors, registors and capacitors connected in suitably form and satisfies the following basic condi-
tions ;

— very large Thevenin’s Equivalent Input impedance (Ref. Sec. 19.13) and resistance.

— very small Thevenin’s Equivalent Output impedance and resistance.

— Operates linearly over its working range as high gain voltage amplifier.

Operational amplifier is an Analogue circuit which operates on continuous input and.in linear
range,

A basic operational amplifier is represented by a triangle having two input terminal and one
output terminal, (D.C. supply is not indicated in the symbol),

The basic operational amplifier (the triangle) circuit is available in readily built modules (either
discrete or IC’s). Such modules can be connected with appropriate feedback cireuit to achieve math-
ematical function such as :

— addition, subtraction,

— integration,

— differentiation,
— combination of the above.,

Operational Amplifiers are widely used in analogue circuits to instrumentation, control on
protective relaying, While studying application of Operational Amplifiers it is not essential to be
familiar with the internal circuit of the same (triangle). But the function of the operational amplifier
(triangle) with respect to the external terminals must be clearly
understood for understanding the application.

INVERTING

38.33. SYMBOL OF OPERATIONAL AMPLIFIER

Fig. 38.29 gives the symbol of an operational amplifiers. Most
operational amplifiers have several terminals in addition to those NON=TTo:
shown in the basic symbol. The addition terminals are for con- ERTING
nection to external circuit to achieve near-ideal behaviour. Opera-
tional amplifier has two input terminals, The negative terminal
is called ‘Inverting Input’, The positive terminal is called ‘Output
Terminal’. Supply terminals (usually not shown in block diagrams) get d.c. supply from batteries
or regulated power supply, Usually only one output terminal js indicated, the other terminal of
load being earth (ground).

INPUT QUTPUT

Fig. 38.29. Symbol of an
Operational amplifier.

38.34. CHARACTERISTICS OF IDEAL OPERATIONAL AMPLIFIER

An ideal operational amplifier has infinite input resistance, a zero output resistance and voltage
characteristic illustrated in Fig. 38.33. Infinite input resistance results in zero input current. The
zero output resistance means, the voltage drop in output stage is zero. The circuit model for ideal
operational amplifier can be represented by Fig. 38.30 (a).

In linear range,
Ve=A(V,.-V)
where A = voltage gain usually 10,000
V, = inverting input
V_=non.inverting input.

From Fig. 38,30 (b) it can be seen that in ideal operational amplifier a very small input voltage
brings a saturation. This draw-back is overcome by negative feedback,

"Ref. Fig. 38.52 (), when Vy+Vg#0
Negative sequence current output of the filter, I, = 0.

—*
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- (VOLTS)
£ Vo
2
o POSITIVE
E FRY e e
2 cc SATURATION
=
=
o

SLOFE A>10 000

(Ve =)
INPUT
(MILLIVOLTS)
NEGATIVE /| _y .
SATURATION <

(@) Circuit Representing ideal
Operational Amplifier.

(b) Typical Transfer Characteristic of an Operational
Amplifier. (Output saturates at supply voltage. Linear
range input voltage is very small).

Fig. 38.30

38.35. SOME APPLICATIONS OF OPERATIONAL AMPLIFIERS
(i) Inverting Amplifier. (Fig, 38.31)

R
Rs
_'lvﬂvﬂ*h'h"h . Vo V R’ V
S i
R,
+ i ) -
Vs OPERATIONAL o=V, for g =1

= AMPLIFIER %

Fig. 38.31. Use of Operational Amplifier as an inverter.
The output is fed back to negative input through a resistance Rp.
Rp
=Ly,
Vb RR 5
The effect of negative feedback is
— to reduce gain and make it independent of open circuit gain A.
— to permit relatively large
input voltage V, without
saturation.
— to produce an inverting
closed loop gain Rp/Rg.
(ti) Non-Inverting Amplifier.
(Fig. 38.32)
Feedback is applied to negative
terminal through R;. Input is sup-
ied t s =
;lwd 0 positive terminal through Fig. 38.32, Non-inverting Amplifier

5

-
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If Ry is infinite, V, tends to zero, If Ry is zero,
Vo tends to infinity,

(¢if) Follower. (Fig. 38.33)

Output terminal is connected to input nega- Vs
tive. Input is connected positive through R,.

The output voltage ‘follows’ input,
(iv) Analogue Addition. (Fig. 38.34)

Fig. 38.33. Follower.

The waveforms V; and V,, are added by
means of addition circuit. (I\N‘II'PUTSJ
If Ry, Ry, Ry equal !

Re

QUTPUT
VU =- (Vl + VZ) v
Ry Ry Vs 0
Vos|5 Vi+= V. - VYV
0 [R, 1¥ R, 2] Ry

IfRF, R]_, Rz equal. VQ e (V] + Vg)
(v) Analogue Subtraction. (Fig,
38.35)

The waveform V; and V, can be sub-

tracted by a suitable circuit of operational
amplifier,

- R1+R3 R’l Rz
VO‘[ R, ][R2+R4 Ve~ |k, |11

If Ry, Ry, Rg, R, are equal,
Vo=Vy-Vy,
(vi) Analogue Zero Detector. Opera- ’ R Vo=Vo-V,
tional amplifier can be used as zero detector for Ry=Ry=Ry=R, =R,
by a simple circuit illustrated in Fig. 38.36 () . :
when V; touches zero, output Vj, swings from s
positive saturation (+ V) value to negative Fig. 38.35. Analogue Substration,
saturation value (- Vee) or vice versa. [Ref, Fig. 38.31 (b) also].

Vo=—(V,+Vy)
for By =Ry =Ry

Fig. 38.34 Analogue Addition,
Ry

Vee Ve
v %o
Ve i i
2 N
: V=
~Vee

Vee | —
Hee
B |
g 1 —— L
=Vee

(a) Symbol (b) Characteristic
Fig. 38.36. Analogue zero detector.
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38.35.1. Analogue Level Detector or Comparator (Fig. 38.37) .
An analogue comparator can be arranged to compare the instantaneous value with preset
threshold value,

vﬁ
]

e

Vee

5 T

=2

T 1 —

e

3| L
"VCC

{a) Symbol (b) Characteristic
Fig. 38.37. Analogue level detector,
If V, is more than threshold value Vi, the output of comparator is positive (+ Vee). The output
Vo swings from + V. when the V, crosses V) and becomes less than V,. (Ref. Sec. 39.11).
(vii) Analogue Integrated by Operational Amplifier. An operational amp!iﬁer ﬂ}nlllg with
aresistor and capacitor can be arranged to integrate input voltage with respect to time (Fig, 38.38),

where { is the current flowing in capacitor. As flows through capacitor only (i = 0 due to infinite
input impedance),

: ._Y_*“ d ' _Ys_
"SR AR = R Reset Switeh

c
t———

t
Ve -1
Vs R VU:;:E JO V.\'dt
e MW——
Ie* 1 Vo

——0

Fig. 38.38. Analogue integrator,
Q@=CV

%
The charge on the capacitor C is given by J. idt

Total charge on capacitor

Q:fc %d:

- e

but Q=-CvV,

— ——
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; t
Hence CVy= _[ 5] dt
1 t
Vo=- RC e V, dt.

This is an integration of waveform, A switch is added to permit discharge of the capacitor reset-
ting the output to zero,

R

1
Vo VO__REI;VE&{!

o

b al

Fig. 38.39. Analogue differentiator.

(¢it) Analogue Differentiation by Operational Amplifier, Input current it does not flow
in input terminal, The input current is given by
C gY&
dt’
The circuit is an inverting amplifier (Sec. 38.15.4) with a differential function added in input.
Hence
v RC avy
== dt
This is a differentiation of input voltage,
38.35.2. Analogue/Digital Conversion
(i) Signals Processing systems, The static relay cireuits incorporate signal processing sys-
tems. A signal processing system is an interconnection of components and devices that can accept
an input signal or a group of input signals and act in such a way so as to extract or improve the
quality of the information and deliver the output information in the proper form at proper time.

Iig. 38.40 illustrates the basic blocks in Signal Processing System. The continuous signals
(derived from secondaries of OT's or PT's, transducers etc.) are called analogue signals as they are
similar or comparable to original entity. They are fed to the analogue signal processing block

The digital signals received from digital computer, from digital protective relay circuit ete. are
fed into the Dj gital Signal Processing block.

The analogue processing block and digital processing block are interconnected through A/D
and D/A conversion block, (A/D = Analogue to digital and D/A = Digital to analogue).

Consider a protective relaying system comprising analogue input derived from secondaries of
CT’s, PT’s or tranducers like thermocouple, pressure transducers, “Transducer” is a device which
converts physical variables (either electrical or mechanical) to any equivalent voltage or current
signal. Some transducers require same form of electrical supply for excitation,

In analogue system the signals (waveforms) are processed con tinuously. Output of Analogue
Pr‘occssing Block can be in many forms, It can be in analogue form such as measuring instrument,
tecorders, analogue black and with or coloured display on control boards, comparators/level detec-
tors of protective relays.

*
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ANALOGUE INPUTS —W
FROM CTg/PTg & FROM DIGITAL

TRANSDUCERS

COMPUTER, PRO-
TECTION/CONTROL
SYSTEM

ANALOGUE SIGNAL AD & DIA DIGITAL
PROCESSING CONVERSION  [4—b| SIGNAL
FPROCESSING

| Lt

ANALOGUE OUTPUTS
TO DISPLAY BOARDS
INSTRUMENTS,

DIGITAL OUTPUTS TO
DISPLAY BOARDS,
DIGITAL INSTRUMENTS,

PROTECTION/CONTROL RIGHAL SOMPUYER,
ity PROTECTION,
Bis CONTROL

Fig. 38.40. Interaction between analogue and digital systems
in power system protection and control.

Alternatively the analogue signals can be converted into representative digital sighals and then
fed to the digital computer, digital display devices, digital process control devices or Digital Protec-
tive Relaying Circuits.

In protective relaying systems, the input variables are compared in a ‘comparator’ the output
of comparator is given to ‘level detector’ the output of level detector is given to ‘Amplifiers’ and
finally, the output of amplifier is given to output (Tripping) stage. i

The protective relay system may be purely analogue system as in conventional electromagnetic
relays and many simple protection systems. However, in complex protective systems having several
input variables and functional requirements, it becomes necessary to use digital systems and digital
computers. In such cases the input analogue signals are converted into representative digital sig-
nals.

The representative digital signals are supplied tp digital measuring instruments, digital display
boards, digital control units, digital circuits of protective systems.

(zi) Analogue to Digital Conversion,
There are many methods of analogue to digi- ICLDCK |
tal conversion. The concept of a simple
scheme is illustrated in Fig, 38.41.

The input signals is given to + of opera-
tional amplifier, The output of the operation-
al amplifier is connected to a up/down
counter,

#Fulses

UP/DOWN
COUNTER

ANALOGUE
INPUT

This type of counter counts up when the
control line is high and counts down when ANALOGUE
control line is low. The up and down counter -w
receives continuous pulses from a clock when -
the counter undergoes a change. of one up or I gﬁ-ﬁ-ﬁ}} I
down count, the comparator (Ref, Ch. 39) out-
put reverses in sign and the output of the A/D
converter becomes stable.

DIGITAL TO

Fig. 38.41. An analogue to digital converter,
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38.35.3. Digital to Analogue Conversion

The output of D/A convertor gives analogue signal proportional to the digital input.

38.35.4. Digital Multiplexers

The primary function of combination logic is to produce an output which is combination function
of input, variables. If the system has ‘n’ inputs, there will 2" combination of inputs and each com-
bination will assign a specific value to the output. This type of operation is performed by digital
multiplexer,

Digital multiplexer is a multi-input, single output combination of logic circuit. In digital mul-
tiplexer, the logic signal from input is directed towards output as per the signal routing,

The signal routing action of the multiplexer is controlled by the external logic signals applied
to the selection control inputs which can be considered as the input variables for the device.

In practice the inputs are 2" numbers where n is limited to 2, 8 to 16, Multiplexers provide
general signal routing and its function is controllable externally.

Multiplexers are widely used as general purpose combination logic devices. A 2" to 1 multi-
plexer can be used to implement any logic function with n input variables using suitable direct
mapping.

The truth table of a 4 input-output Multiplexer is given below :

Input Variables -
Channel Selection control [ Sum at output

W - Xy xg N
0 0 ' 0 0o 1

1 0 1 0 1 o
2 1 0 0 1

1 1 B 0 1 0o
3 3 1 1 0 | 0

B 1 1 1 1 T

A multiplexer’s signal routing capability is an important feature in digital protection and con-
trol systems. The multiplexer’s signal routing is used in microprocessor-based and digital computer
based protection and control systems to route the date from data bus structure to relevant func-
tional cireuits via the communication bus, Multiplexers are commonly used in microprocessors and
digital computers to connect and route on common data highway or bus system and to apply time
division multiplexing different classes of information along these bus systems.

38.85.5. Encoders and Decoders,

Combination of circuits are usually necessary to produce more than one output from the given
set of inputs variables.

An encoder generates n outputs from 2" inputs,

A decoder generates 2" outputs for %’ inputs.

Decoders are used extensively in programmable static relay circuits and computers to enable
addressing a specific device or element in the system.

For example a microprocessor (Central Processing Unit) will communicate with a particular
device or element via bus structure with the help of address decoder.

38.35.6. Programmable System

A digital system processes signals or data according to ‘program’. The various functions include
data collection, data transfer, data storage, data processing by arithmatic means, given output ete.
These functions are performed internally in the digital system. These functions are performed by
appropriate configurations of combinational and sequential logic circuits including memory ele-
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ments. In programmable systems, the configuration of the gtlaneral purpose logic is f']liextb.le, The
hardware is controlled by a programme or sequence of instruction codes v_vhlch deﬁnes’t e t.z:tqu;znl:e
of operations of processing functiors. The instruction codes are sorted in the mc:lnor.y par : of the
system. The function of programmable system can be changed by changing the programme.

38.35.7. Microprocessor [Refer Ch. 43-B) .

The advances in digital electronics and computing systems have resulted in d_cv-a1{‘)1')11.:‘:':1111::1 of
complete Central Pocessing Unit (CPU) of a computer on a sirlnglu Irlutugrated Cu‘cuﬁ[‘l.(,} ca. ed a
chip. Such a CPU is called a microprocessor or processor and is designated as p ; icr upmw‘ssor
is an advanced programmable logic device. In static protection systems special microprocessor are
incorporated to perform specific functions.

38.35.8. Microprocessor Module [Ref. Ch. 43-B] .

The heart of a microprocessor-based protective relay is a miCl‘Ole‘UcesEiUr. For example in a
Programmable Distance Relay for protection of transmission line, a 16 bit microprocessor operating
at 10 MHz is used. A

The microprocessor has a separately replaceable programme memory in the fc?rm of (1h1p5f. The
subsystems also include read and write memory for working storage and nonvolatile RAM fm] stor-
ing seftings and targets when the relay is de-energized. Incluflf-l.'r] on the processor is t,he‘Au?t og tqo
Digital Conversion system and multiplexer, AC input quantities (4 currents and three vo _a‘gea-.)
are analogue multiplexed to single sample/hold circuit, The sumplef!'noid sybsystcm uutplut is fcd.
to an A/D subsystem which yields 15 bits dynamic range. Each ac input is sampled 8 times per
cycle (1/50 sec). .

The single Microprocessor based protective relay described above can perform several on-line
functions including ;

— Overcurrent supervision

— Power swing blocks

— Time delay

— Loss of potential supervision
— Fault type identification
— Distance protection, ete. .

The digital programmable relays have several analogue, digital components and microproces-
sor, Ref. Ch, 43-B for Microprocessor based Protection. :

38.35.9. Hybrid of Analogue and Digital Systems

The static relay systems receive analogue signals from CTs, VTs and other tranducers_, Also
from remote terminals (e.g. from other substation) digital signals are received. ‘cht_ze, the inputs
are digital and analogue. The funections within the relay include analogue Inuluple_xmg, analogue
comparison ete. as well as digital logic, digital processing etc. Hence the protective system are
‘hybrid’ systems of analogue and digital,

The Analogue/Digital hybrid Systems can perform the functions by four different techniques,

1. Continuous space, continuous time. 2. Discrete space, continuous time.

3. Continuous space, discrete time. 4. Discrete space, discrete time,

Technique 1 is not suitable for analogue, digital and hybrid computation.

Techniques 2 and 3 require digital and analogue hybrid system. The digital subsystem hand-
les discrete variables and analogue subsystem handles the continuous variables.

Technique 4 works purely on discrete space and discrete time. Therefore it requires a digital-

computer within the protective system. (Sec. 46.15. Fig, 46.7).

Section IV. ELECTRONIC CIRCUITS COMMONLY USED IN
STATIC RELAYS
38.36. AUXILIARY VOLTAGE SUPPLY FOR STATIC RELAYS

The static relays require auxiliary d.c. supply; which is generally obtained from station battery
system. The station battery system is also used for other purposes such as tripping, control etc.
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e voltage
battery system for

Most static relays require various auxiliary d.c. voltage between 24 V and 240 d.c. Tk
stabilizers are used in the circuit of relays. The disadvantages of usi ng station
auxiliary d.c. voltage supply to static relays are the following :

— Voltage transients are introduced by opening of inductive circuits connected to the same
battery supply (trip circuit for example). The voltage surges can damage the
Hence special precautions are taken to design the static relays to absorb su
(Ref. Ch, 43)

— The battery voltage is generally high, e.g. 250 V, this causes higher power loss in volt-ratio
boxes used in static relays to get the reduced voltage.

To avoid these difficulties, the d.c. to d.c. converter is used. The station batter
verted to a.c., then transformed and then rectified,

static relays.
ch transients

'y voltage is con-

T == -
—— 1 2 . 3 . O
o

- Fig, 38,42, Block-diagram of auxiliary d.c. voltage supply scheme,
1 —Input, d.c. voltage from station battery (d.c,)

1 — Inverted ; d.c. to a.c,
2 — Step-down transformer with required secondary voltages,
3 — Rectifiers, voltage regulators and smoothing eircuits.

0 — Output voltage for static relays (d.c.),

Fig. 38.42 illustrates the principle,

The d.c./a.c. converters are self-contained units, The voltages are converted g
Vd.c. to about 50 V d.c. The conver

relays,

enerally from 220
ters are of enough ratings to supply the requirements of several

In some cases, nickel-cadmium battery supplies are used for supplying static relays. These bat-
teries are tricle changed 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, the rectified, established and smoothed,

38.37. FULL-WAVE RECTIFIER
Fig. 38.43 illustrates the circuit of a full-

wave bridge rectifier having four diodes ( 1,2
3, 4) and input auxiliary transformer (5).
5

When A is positive with respect to B, current
flows through diodes 1 and 4. When B is posi- A€

tive with respect to 4 current flows through 2 WEUE
and 3, In both cases, C is positive with respect
to D and full wave rectification is achieved.
The output containg ripple. To overcome this

problem, smoothing circuit is necessary in the
output,

D.cC.

- QUT PUT

38.38. SMOOTHING CIRCUITS
Smoothing circuit comprises reservoir
apacitors, resistors, inductors, These are con-
Dected in output side of the rectifier. The process of charging the capacitors exponentially smooths
the output waveform, The resistance determines the time-constant RC.
The voltage across the capacitor does not change instantaneously as eapacitor requires finite

time to get charged or discharged. Hence the voltage spikes or ripples get smoothened due to
Capacitor,

+
Fig. 38.43. Full-wave bridge rectifier.

R
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S,
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_IMM\T—W +
== ¢ Cz_l_ ouTPUT
RECTIFIER

e
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1

Fig. 38.44. Smoothing circuits in rectifier output side.
38.39. VOLTAGE STABILIZATION (REGULATION) BY ZENER DIODES

Zener diode is used for voltage stabilization. Fig. 38.45, illustratgs thg method of stabilizing
the output voltage of a rectifier bridge by means of zener diode, zener chpde is connect_ed for reverse
current flow, An improved stabilization is obtained by cascade connection of zener diodes.

The voltage across the zener diode remains constant over a wide range of current.

The bias of the input circuit (base-emitter) should be held constant. Zener diodes can be used
for this purpose.

RECTIFIER R
VWA -2 &
L oy CONSTANT CONSTANT
—p— O.C.VOLTAGE ' D.C.VOLTAGE
ZENER DIODE i
Al

Fig. 38.45. Voltage stabilization by Zener diodes. Fig. 38.46. Use of two zener diodes.

38.40. TIME-DELAY CIRCUITS

Time delay circuits are necessary in electronic circuits of static protection. These employ
suitable combination of resistance and capacitance. The principle is as follows :

Q=CV
V=Q/(Ref. sec 3.2)

il &
=z :dt_RC_[th.

INTRODUCTION TO STATIC RELAYS 749

SUPPLY

wPuT CONSTANT
VOLTAGE

] | S

Fig. 38.48. Time circuit,
where T'= Charging time of capacitor
(From Vj to V))
Vy = Initial voltage across C
V; = Final voltage across C,
input voltage,

B
=L

<5

(21 ’

S8

Fig. 38.47. Zener diode for voltage stabilization
of input circuit,

Consider Fig. 38.48. The capacitor is charged by the voltage V;

The time is given by T= RC log, VoV
i~ Yo

Delay Circuit

To achieve a very short delay of the order of a few micro-seconds delay line is used in Fig.

38.49,
D.C I E :] : :] DELAYED

.C. ourePyr
INPUT l l | T

Fig. 38.49. Equivalent diagram of delay circuit.

Time Delay Relay. For achieving intentional time delay in protection system, time delay
relays are used. Time lags of 0.1 sec to several seconds can be adjusted in these (Details in Ch. 40).
38.41. FREQUENCY FILTERS

Filters are used for ‘blocking’ or attenuating certain frequencies and passing other frequencies.

Resonant circuits (turned circuits) are for passing of blocking the frequencies.

Parallel Resonant LC Circuit. (Fig. 38.50). The circuit having L and Cin parallel with supply
has a Resonant Frequency wy at ;'%E At resonant frequency, the impedance of parallel LC com-

bination approaches zero. Thereby the voltage V; across output is reduced to zero. By judicious

selection of L and C, the circuit can alternate/block frequencies from appearing across output
(Vo).
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Resonant Frequency

1
@ =LC
Vi Vo
Vi Vo
o ——
For ta=wo
For w# o

(c)
(b) N ,
Fig. 38.50. Parallel LC circuit blocks resonant frequency w, and passes other frequencies.

Series Resonant Circuit (Fig. 38.51). It
has series, R, L, C. At resonant frequency

Wy = ;,-Ll—-c—,-, the impedance of LC resonant circuit

becomes zero. The resonant frequency is passed
through the circuit, For other frequencies, the
circuit offers higher impedance.

Band Pass Filter [Fig. 38,51 (a) and (b)), A
simple RLC filters discussed above are called
passive filters.

Fig. 38.61 (a). Band pass filter with operational amplifier,

An active filter such as band pass filter con- and its frequency response.

Lo
Vi, ey Vo
v, Resonant Frequency D—M__l —
e 1 R C
Vi

=TT

1
! ! Vi : Vo V[ yd s Vo
i _IF_ &2 For wy=wo For wa#wo

Ll —

||
an
Fad

(b) (e) .
Fig. 38.51. Series resonant cireuit passes frequency e, and block other frequencies.

tains active element like operational amplifier and attenuates freguencics bf:yund its( ;x}\]m limits
and passes the frequencies within its band limits without attenuation [Ref. Fig. 38.51

38.42. SYMMETRICAL COMPONENT FILTERS

The three phase vectors of an unbalanced system can be derived by vector surr! of three s;:;s_t
of component balanced vector called positive sequence, negative sequence and zero sequence ¢
ponents (Ref. Ch. 21).

Symmetrical component filters are necessary to drive the symmetr‘ical component (frorln‘ qutp;%
of CT’s or VT's) for feeding into the comparator/level detector of static relay. For exarlr}pdt. in l:; :
balance current protection, the negative phase sequence components is filtered and supplied to ov
current relay (Ref. Sec. 31.7).

T
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quence current filter is quite complex. Its
s a trans-reactor (also called transactor). This

(i) Negative Sequence Current Filter. Negative se
design is complicated and expensive as it incorporate
13 a special multi-winding CT having gapped core, .

The secondary leads of main CT’s are connected to the various primary terminal of trans-reactor
(Transactor or Intermediate CT) is a required manner. The filtered output depends upon phase

sequence of input connections. (If two of the input connections are in terchanged, the negative se-
quence filter becomes positive sequence filter).

A simplified diagram of negative sequence filter is illustrated in Fig. 38.52 (a).
M-
R —Lr— - UE

Vi

Iy

B —
LINE-CTS
{NEUTRAT NOT
TO BE EARTHED)

i

[2

Fig. 38.52 (a). Negative sequence current filter,
~ Circuit Diagram (Ref, Fig, 33.19, Sec. 33.11).

_ Fig. 38.52 (b) shows vector diagram for negative sequence condition (YRB) and Fig, 38.52 (c)
give vector diagram for condition when only positive sequence condition (RYB) prevails.
The flux produced in the gapped-core of the transreactor due current Iy and Iy is proportional to
Iy -Igand Iy - Iy, Th

e resultant voltages depend upon the phase relations between Va

BRY -
Is. ™ In~7

Va=—Vg

and Vg,

\ Ta-l
. R=ly
q L=1
‘Fjg. 38.52 (b). Vector diagram for positive sequence
condition of Ig, Iy, Iy, Vg is equal and opposite to V.

IB

Fig. 38,52 (c). Vector diagram for negative phase
sequence condition ofly. I Ig, Vi + Va0,

%

Ref. Fig. 38.52 (a), when Va+ Vg0,
Negative sequence current output of the filter, I, # 0.




SWITCHGEAR AND PROTECTION
752 |
i g ted to the
(ii) Negative Sequence Voltage Filter, Negative sequence voltage _f“tltellt :s ;:tc;mle;nl; e
i;iar side of VT"s. It passes Negative Sequence Component (V) the circui ot ﬁ s
20T . ; .
:Z:li]tive s);quence and zero sequence components. The relay connected to the output side
d to Vy only. .
sequence voltage filter respon ’ . . .
For simplicity, the three input terminals of negative sequence ﬁlte)l are connected
having no zero sequence component (Star connection without earthing ; e
There are many possible methods of connecting r, L, C to get the filtered neg:

output.

R
b |
8
|~
¥ LINE VTS
(NEUTRAL NOT
v EARTHED)

C
|" Vr g Ve Mu_ Qvul

Vz
Fig. 38.53. Negative sequence voltage filter.

Consider Fig. 38,52 (a). For negative sequence condition of Sl;ppi}" \;-I:)ltag: q( ph:cs: :Eiz{;r;c; ;{ff

i i mponent) negative seque
r when supply voltage contains negative sequence col ; o : :
Eears across P, V. When negative sequence component in line voltage is zero, the voltage Vs is zero

i i 'minals.
The same circuit can be used as a positive sequence filter by interchanging supply termina
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Comparators and Level Detectors

Static Relay — Functional Circuits — Comparators — Amplitude Comparators — Rectifier Bridge
Comparators — Phase Comparators — Pulse and Squared Input — Direct and Integrating Type
Comparators — Integrating Amplitude Comparator — Hybrid Comparator Level Detectors — NPN
Transistors — PNP Tra nsistors — Operational Amplifier — Schmitt Trigger .

39.1. STATIC RELAY FUNCTIONAL CIRCUITS
The static relay unit comprises several functional circujts such as :
— input eircuit with main CT’s, Auxiliary CT’s
— rectifiers smoothing ci reuits, filters — comparator
— level detector — amplifiers

— timer circuit — setting device
— filter circuit — starting relay
— directional unit — output stage, etc,

The required functional circuits or units are connected in the final assembly.
Input stage

The input is derived from CT/PT. The output of CT/PT is connected to the auxiliary CT/PT.
The input stage of a static relay comprise the following :

— CT's and or PT's, — Summation units,

— Auxiliary CT’s or PT's. — Filter,
Rectifier and Smoothing Circuit

In single actuating quantity relays, the quantities are rectified in a single rectifier bridge. The
output of the rectifier is smoothened to remove the ri pple. The output is given to the level detector.
Single actuating quantity relays include overcurrent relay, under voltage relay ete,

In double actuating quantity rectifier relay there are generally two rectifier bridges. The output

of these bridges is compared. The output of the comparator is given to the measuring unit (level
detector) after smoothing,

Comparator

Comparators receive the rectified inputs. After comparison the comparator output is given to
the measuring unit,

There are several types of comparators such as amplitude comparator, phase comparator,
hybrid comparators,

These are either direct (instantaneous) or integrating type,
Level Detector or Measuring Unit

This unit comprises a multi-stage feedback amplifier. The feedback ensure that for values of
unit above a certain level, the output power increases in a step. Hence for input below threshold
value, the level detector has no output, For input above threshold value, the output is obtained.

The measuring unit comprises logic circuits, amplifiers and level detector circuit. The logic ele-
Ments determine the conditions of various input quantities for which output is obtained.




