SECTION IV

- STATIC RELAYS

. | AND

STATIC PROTECTION SCHEMES




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

— Introduction to Static Relays and Integrated programmable Protective monitoring and control
systems. Historical review — basic 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
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 etc. Static relays and combined protection and control systems form an
integral part of SCADA Systems. (Ch. 50)

are

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 ele

ctromechanical 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 rel

ays. 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 comparators,
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 corried 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 etc. is rectified and measured. .
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Fig. 38.1 (a). Block diagram of a static relay-simplified.
When the quantity to be measured reaches cer-

tain well defined value, the output device is = ,/%T\, y/74 =
triggered. Thereby current flows in the trip cir- vr ? I :

cuit of the circuit-breaker. Fig. 38.1 (b) gives a ' I TRIP
block diagram of a microprocessor based digi- !

: « INPU
tal, programmable static relay. Al A oy PROBESOR

Static relays can be arranged to respond to
electrical inputs. The other forms of inputs such,

as heat, light, magnetic field, travelling waves sermng pata |
etc. can be suitably converted into equivalent AR e Ay —
analogue or digital signals and then fed to the ,

static relay. A multi-input static relay can ac-
cept several inputs. The logic circuit in the DATA
multi-input digital static relay can determine LOGGER Q:
the conditions for relay response and sequence
of events in the response.

Fig. 38.1 (b). Block diagram of a simple Microprocessor
Based Digital Static Relay.

A ;.)rqgrafnm:?ble 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 and control system can perform several fun'ctions of data acquisition, data processing, data

transmzsszon, protection and control. Earlier, for each 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 cireuits 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.

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. '

A static relay may have one or more programmable units such as a microprocessor. Such relays
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Fig. 38.1 (¢). 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. I'ig. 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 Automatic 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 reom 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 nnits, 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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(CPMC) are preferred.

tinue to be used. For multifunction relays, hardwired or programmable static relays are being
preferred. For higher hierarchical levels at substation control rooms, power station control room ang
load control centres, the Combined Programmable Protection and Monitoring and Control Systems

Table 38.1. Evolution of Static Relays and Integrated
Protection and Control Systems

... |
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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

Type of Unit System

Remarks

common in static overcurrent relay. Whereas, an equivalent electromechanical relay can have con-

Single function relays with :
1 Analogue Circuits
2 Digital circuits
Multifunction relays with :

1 Analogue Circuits
2 Digital Circuits

Hardwired Digital or Analog Static
Protective System

Programmable Static Protective System

Integrated Protection Monitoring and

sumption 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'.

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.

— Perforims one or more Protective functions.
— Modular concept for subassemblies

— Required functional block is assembled to form the relay
unit,

-~ One or more inputs
— The relay unit may be hardwired or programmable,

— Several relay units required for protection of a machine or

" power system component are assembled to form one protective

system. e.g. Generator protection system, has overcurrent,
reverse power, under voltage relay units,

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

— It has additional logic circuit and programmable vessels, aircrafts etc.

MiCroprocessor.

Table 38.2. Reference Values of Burden of Static Ralays"
—- It has required functional subsystems such as data acquisition :

secti

The static relays com
and a few limitations. Th

— Overall cost,

~ &or simple protective
electromechanical relay
total predominantly sta

fions and for protection of costly,
be hard-wired or programmable.

static relays are preferred.

nology and digital control systems fibre-optics data trans
leap in the field of a digital static relays. The developme
and more compact. Furthermore, the microprocessor an
used in power system protection, and contro].

‘The static re}ays and static protection has grown into a special branch in its own right. This
on covers principles and applications of static relays and static protection systems in details.

38.2. STATIC VERSUS ELECTROMAGNETIC RELAYS

pared to the corresponding electromagnetic relay have many advantages
e choice between an electromagnetic relay and a static relay depends upon
— Technical requirements of characteristics and protective functions.

functions and for protection of simple low power equiprent,
s are preferred. Electromechanical units are also be used us components of.
tic relay e.g. for auxiliary relay functions, output functions.

For complex protective functions requiring

large equipment/ machine, static relays are preferred. These may

For integrated protection and monitoring systems programmable microprocessor controlled

Control System. (IPMC) unit, protective unit data transmission unit, control unit. The Item ' Conditions Burden per phase
microprocessor performs several functions. 1. Instantaneous Measuring Relay Measuring circuit at lowest setting| 7 to 100 mVA
é\lso l;:alle(eld : ~— The protective functions may be segregated (separated) from («) Current Relay currerntt ; 0.3 A to 20 continuous
sombined Protection Monitoring and control functions suitably. e.g. protective functions may deal )V ‘ e ety : .
’ ' ; L : tage Rel Me t at lowest setting| 20 mVA
Control Systems (CPMC) with tripping of breakers whereas the contro} functions may (b) Voltage Relay vo;f;er%ng 403/041[3 v/60 v‘\; Sd. c'e & o
[Fig. 38.1 ()] deal with monitoring data processing and control. ’ !
- 2. Time-lag Over-current Relay At rated curvent, given current,| 0.03 to 0.08 VA
With the developments in semiconductor technology, digital electronics, microprocessor tech-

setting current 1 t0 8 A

mission etc. there has been a tremendous
nt of integrated circuits are more reliable
d digital computers are being increasingly

3. Impedance Relay At rated current, ratéd voltage 0.2 to 0.3 VA |
(@) Curyent circuit 0.8t0 0.9 VA
(b) Voltage circuit

4.. Differential Relay for Transformer protection | (@) Normal current : 1 A 0.02 VA
’ (b) Normal current : 5 A 0.18 VA

5. Singie Relay for Several Functions. By combining various functional circuits, a single
static relay can replace several conventional relays,

For example for motor-protection, a single static relay can provide over current, under voltage,
single-phasing, short-circuit protection by incorporating respective functional biocks. 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 contro] 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. Buperior 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 QG eycle,

&
1 cycle) are available.,

accurate characteristics for various protective func-

* As there are wide ranges and applications of static relays, the above mentioned values just for famili
for application guidance.

arity, not
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ome 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.
Such voltage transients are
(T’s and PT’s, Serious over

8. Transducers. Several electrical or non-electrical quantities can be converted into electricg]
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 other 1 , o 0 2 the p '

conditions, the relay should remain stable; in such cases logic gates can be adopted. Voutzge i{‘e also Cci’ﬂlused bi’hbl‘ea Ing (c)if C(zntro Cllmlllt,tl‘ﬁlasc’1 Contalcts

. . L . . . mal duration can damage the semiconductor components and can also

. Dl"i’g alreﬁfjggzl(cfegenncéil;g:fp?gc:}fcz;?ﬁisfsswéﬁ;ﬁ}gﬁ% i‘ct:t:rtg gﬁéaaﬂii}éz dr ?(l)igcdeter- cause maloperation of relays. Several relay failures were recorded during 1960 due to the above
mines the res , .

) ) mentioned cause. The measurements showed that the voltage spikes in secondary circuits can at- -
e.g. Static distance relay can be given additional features of auto-recIosmg unit. The relay can tain an amplitude of 20 kV in rare cases and generally 12 kV,
determine whether to give reclosing command or not depending upon the impedance measurement;

Ine A Special measures are taken in static relays to overcome this difficulty. These include use of
synchronizing check, feature, etc. filter circuits in relays, screening the cable connected to the relays,
4. Temperature Dependance of Static

The static relays are sensitive to voltage spikes or voltage transients.
caused by operation of breaker and isolator in the primary circuit of

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 etc, 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 network monitoring.

In centrally monitored systems, the back-

atic 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 su
components does not affect the characteristic of t
— Temperature compensation is provided by mean
techniques, etc. Thus modern static
(-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,

ch a way that change in characteristic of
he complete relay.

s of thermistor circuits, digital measuring
relays are designed to suit wide limits of temperatures

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,
auxiliary relays in the output stage are rela
unwanted tripping is less with static relay
relays. This aspect makes the static relay
locomotives, aeroplanes etc.

16. Self-supervision (monitoring) of the Relay. Complex static relays have a tacility 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, periodic testing of the relay can be minimised. ’

17. Simplified testin
for self-monitoring,

Most of the components in static relays, including the
tively indifferent to vibrations and shocks. The risk of

8 as compared to the corresponding electromechanical
s suitable for earthquake prone areas, ships vehicles

38.4, RELIABILITY AND SECURITY OF STATIC RELAYS

Reliability is defined as
This includes (1) Security to
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 relayin

the likelyhood of that the device will perform as expected at all times.
not operate incorrectly and (2) Dependability to operate correctly when

g and servicing, The static relays are provided with integrated features
easy testing and servicing. Defective module can be replaced quickly.
18. Extension of application’ by adding suitable modules.

19. Several functions. A static
functions such as protection, monitor
communication etc.

protection control and monitoring system can perform several
ing, data-acquisition, measurement, memory, indication, data-

g is very important, Electromechanical relays have high
reliability, due to (1) precision, manufacture (2) few, reliable components in their construction (3)

éxperience gained in designing manufacturing 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

38.3. LIMITATIONS OF STATIC RELAYS

1. Auxiliary Voltage Requirement. This d
auxiliary voltage can be obtained from station batte
requirements.

2. Electrostatic Dischar
discharges (ESD). Electrostat

isadvantage is now not of any importance as
ry supply and conveniently changed to suit local

ges (ESD). Semiconductor components are sensitive to electro-static
ic charges are developed by rubbing of two insulating components,

1




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 oc-
curred in 1928 when carrier current protection system was introduced for the protection of
transmission lines. Earlier schemes were with vacuum tubes.

— 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 coms
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 etc. was started in 1950%.

_ INTRODUCTION TO STATIC RELAYS
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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 etc. 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 systerus.
~— Protection and control system for HVDC-Substations. ‘

Table 38.3

Electromagnetic Versus Static Relays

— The first generation of static relays were with discrete (independent, separately identifiable)

Communication. During 1980s, power system data communication systems with (1) car-

Function Conventional Static Relay
component fitted on printed circuit boards (PCB). Relays with PCBs are manufactured even Relay Without Thyristor With Thyristor
now.
— During the period 1958-1974, many leading manufacturers in the world have conducted re- 1. Input 1-3 W 10 mW 20 mW
- search and development in static relays technology. The static relays of second generation 2. Switching capacity 30 W 10w 100 W
empley Integrated Circuits (IC). The ICs may be small scale (3SIC), Medium Scale (MSIC) 3. Power gain 8-39 ' 1000 500
or large scale (LSIC)
— At present schemes of generator protection, bus-bar protection, transmission line protection - 4. Continuous current rating 5A 1A 1A
etc. employing static relays are being used. These are with IC’s and PCBs and ave very 5. Time 10 m sec 20 sec 50 sec
compact (1980’s). The ICs are available for Analogue and Digital Circuits, L . :
— Fibre optic relays (1980s) use fibre optic circuits for conduction of light pulses. Fibre-optic. 6. Bifect of vibration Bearing affected No effect No effect
relays and central circuit pilot wiring is gaining commercially success. (1990) 7. Ambient temperature range No effect 5 te 70°C | Needs compensation | Needs compensation
— Earlier generation of static relays (1970s) were with Analogue Circuits. Now Digital circuits =20°C to 100°C
are preferred. Such relays are called ‘Digital Relays’ or ‘Numerical Relays’. 8. Operations Above 10° No limit No limit
— Development of digital Electronics and Microprocessor (1980s) has resulted in program- .
mable multi-function systems. The functions include measurement, data transmission, 9. Effect of pollution Yes No No
protection and control. Microprocessor controlled relays have become popular. (1990’s) . Testing Easier Difficult Difficult

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,

be preferred. For com
38.3.

- 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
plex, multi-functions microprocessor based relays may be preferred Ref. Fig,
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Table 38.4. Historical 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, transformers,
busbars transmission lines etc.

Analog relays may have a PCB and IC.

1965-—70

Digital static relays

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

1968—75

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 etc. (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).

1963—75

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)

1975—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 microprocessor.
Becoming increasingly popular.

Ref. Ch. 43.B

1985—95

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.

19856—95

Introduction of SCADA systems AGC
Systems EMS system etc.

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 etc.

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

v
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COMIBINED

PROTECTION,CONTROL
& MONITORING )
SYSTEM

DIGITAL RELAYS

PROTECTION SYSTEM TYPE

" ELE. MECH.
Ny

1975 1980 1985 1990 1995
) YEARS ——e
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, KHV-line protection etc. 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 etc.
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 etc.)

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 electronics 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. 88.1 (e) and 38.1 () 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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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

measuripg 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
generally of plug-in-type. The required modules

d frames. The required plug-in-devices are selected

-nothing relays and other auxiliary devices are

commedate uptoe twenty relay modules with individual targets and 120 contacts. With plug-in type
modules, the time required for screwing is a

: ' voided. The wiring is also minimised. The required
electromechanical or static relay modules and other auxiliary devices are plugged in to form the
brotective 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 c_omponents are defined, standardised and each unit given certain index number. The index of
functions consists of over 300 identified and standard functions.

rI‘.he predominantly static relay is formed by combining required protective and
functions with one or more static réelay unit,

- The basis protective functions required for Drotection of Generators,
Lines, busbars etc. are identical with tho
teristics differ with each application, e,
generator protection, motor
further subclassified into :

— Instantaneous overcurrent
— Inverse time overcurrent
— Directional overcurrent

auxiliary relay

Motors, Transformers
se studied in earlier chapters. Only the range and charac-
8. consider overcurrent protective function which is used in
protection, transformer protection. The overcurrent protection may be

— Definite time overcurrént
~— Under current
— Phase fault, Ground fault functions.

are plugged into terminal base. The terminal base
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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 reloy unit. In static protective systems, several protective relay units can be combined
on one protection panel,

INTRODUCTION TO STATIC RELAYS

The principles of basic protective functions, 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, discrimination sensitivity, reliability, adequate-
ness, characteristic CT and VT connections etc. 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 applicabfe 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 (4) .
— The A condition is that condition which corresponds to the energized condition related to A
input circuit.
— 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 cperation 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 are 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 quanti.ty VYhi'Ch
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 microprocegsor or computer to perform
desired arithmetic and logical operations to perform specific tasks. Programmes form the software.

Programmable Relay : Flexible Relay, Microprocessor Based Relay.

INTRODUCTION TO STATIC RELAYS

used in Static Relays

IR
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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,
comparing and for obtaining more complex characteristics. Table
analogue circuits used in protective relays.

Table 38.6. Standard Analogue Electronic Circuits

for summing, for
38.6 gives summary of important

. ) ) Analogue circuit
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 functions 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 quantities 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, -

monitoring, 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 func-
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 (LSIg)**
— 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-

Remarks Reference
1. Operational Amplifiers — Basic element in analogue computation, Sec. 38.21
— Represented by a triangle. Fig. 38.29
— Used in circuits for addition, subtraction,
integration, differentiation, and other combinations.
— Available in the form of IC, L.S.C, Table 38.3
— Available in very wide range of specs.
— Has limitations. Table 38.13
2, Inverting Amplifiers R,
VO = E— Vl Sec. 38.24
1
3. Analogue Addition Summer. Vo=—(V1+Vy) Sec. 38.24
4. Analogue subtraction Vo=V,-V,
(subtractor) Sec. 38.24
5. Analogue Int t
gue Tnicgrator Vo=t [ v, a Sec. 38.24
RCJ s
6. Analogue Differentiator av.
i : Vo=-RC— t" Sec. 38.24
7. Analogue Level detector. V=2V, Sec. 38.24
8. Analogue Comparator V>V, output V; positive V, < V, output V, negative
Alternatively Output V;, V=0 for (Vg - V) Positive Sec. 38.24
Vo =V for (V, - V) Negative.
9. Function Generator 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
¢.g. a typical convertor may provide : Multiplication,
division, square, square root, exponential, roots, sines,
: cosine, tan™ 1 /%), x2 +y2 , log x ete.
11. Analogue computer. 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 V; proportional to the digital
Converters (DAC) input (V,).
13. Analogue to Digital Gives Digital output V; proportional to analogue input '
Convertor (DAC). V.. Sec. 31.25

14. Analogue Multiplexers.

*These are Digital type fixed programme or may be programmable.

Used for converting a number of Analogue signals to a
single ADC,

. 15. Hybrid circui
** These are either analog or digital. ybrid circuits

are combined to get Hyb.

By use of ADC and DAC the analogue and digital circuits
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38.13. LIMITATIONS OF ANALOGUE SYSTEMS

Analogue computation has lesser accuracy. The accuracy is lilcrilit:g bly reio(l;lllzigxzig;?navﬁn?};
b | i y be measured. Analogu s are,
the chosen analogue quantity (e.g. current) can . ' les ar
principle, continuous and the limits of resolution are physical effects such as wire-to-wire
spacing of potentiometers, randorm circuit noise etc.
— Operational amplifier have following limitations :

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 siuggish.

3. Output impedance is low. . L

4. With feedback, operational instzbility may be introduced.
. ) . tained

5. Logic operations are difficult to be obtained. ’ .

— Digital and programmable operations are not possible. This presents a seniors liraitation in

| iive 1 ; are used f ss complex
complex protective functions, Hence, analogue protective relays are used for le p
functions.

— Digital techniques are being used increasingly and are replacing analogue techniques for
many protective functions and this trend with continue.
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38.14. DIGITAL AND PROGRAMMABLE ELECTRONIC STATIC RELAYS

Digital electronic circuits process the information by Processin.g descrete ele(}:ltrlc?l S}%r:‘ailss ;3
digital form. They can performn simple logic and arithmetlc opergtmns aqd can ‘ct ere ('Etlae &i s
to construct the basis functional circuits required for pr(}tectwte' reibaymg s;;sot;_r‘r;.wmory‘ gThe ;

ic cireui ‘ liscrete information by mean .
lectronic circuits can be used to hold and store discre : D g o
zl?i(;ity to s(’;;ore the information or data and to process the data by loglcal and ar 1}:hn:ia(t11_czl1i ;}155;?
is the inherent feature of digital data processing systems including microprocessor and digi .
puters. A ' . . '

The protective relaying functions require sequential operatlons‘ dependmg upon ;‘nformit;iz
being processed. The digital protective relaying has ability to dg’cermme the seque.n(_:e‘c; op‘eérral: on
which are performed on the basis of the information or da.ta bgmg pr(_)cessed. A dgglta syste
be classified by the wave in which the sequence of operation is to be implemented.

Presently three forms of digital systems have become commercial successful :

1. Hardwired logic is used extensively for performing combination and sequential logic opera-
tions.

2. Microprocessor _
3. Very laige scale Integrated devices (VLSI)

38.15. HARDWIRE DIGITAL SYSTEMS

A digital system is called hard-wired if the sequence of gper_ation is gqverne;ﬂ} by(}?;?’ilv(;il Plsn)-
terconnections of the digital processing elements by means of sohq conaucgmg pa; 13 Jardwi éhé
For example in a hard-wired logic system, physical’ interconz,]ectlons c{f € e:mtems, eciion e
route by which the data flow between processing_ elements. The physical in T?}I}‘COI]};IZ pon (hard,
wired) determine the sequence or processing operations performed on the data. Thus t

digital protection and control system has fixed sequence of digital computation process and fixed
sequence of operations.

This type of system is designed for specific protective or control function_ a'ndlis th?1;§f01~?g1?(;
flexible. If the processing function has changed and the sequence process of luglga ogel a1 tm;le db £
be charged the processing elements and their interconnections (wiring) also need to be altered.

dividual protected system,

38.18.INTEGRATION A CONTRO

Before 198
traditional elec

(3) Tripping cifcuit—breaker
tions and con
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38.16. PROGRAMMABLE DIGITAL PROTECTIVE AND CONTROL, SYSTEMS

A digital protective and control system is called

in the systems can follow a ‘Programme’ i.e. the se
(Sec. 43.28) :

‘Programmable’ if the data processing function
quential instructions to perform specific tasks

Programinable Digital system incorporates a
processor or Digital computer) to which a program
are fed. The programme has a purpose to implem

general purpose processing element (Micro-
me (instructions in particular required-fashion)
ent specific functions in predetermined way.

ormally stored in the memor
tem.

The coded instructions are n
forms an integral part of the sys

The ability to define the
the system. It also enables a
applications

'y part of the system and the program

digital functions by programrﬁing gives a significant
n identical programmable hardware to be used for s
by using appropriate programmes.

flexibility’ into
everal different

38.17. FORMSE OF DIGITAL ELECTRONIC CIRCUITS

1. For less complex functions,

hard-wired digital logic circuits are
several logical functions. The inte

grated circuits may be called
— 8mall Scale Integrated Circuits (SSTC)

— Medium Scale Integrated Circuits (MSIC)

— Large Scale Integrated Circuits (ISI)

— Very Large Scale Integrated Circuits (VLSI)

used extensively to perform

2. For complex functions where flexibility is required programmable devices are used.
The programmes may be of following types :

— Microprocessor 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

L AND PROTECTION FOR HIGH VOLTAGE
AC SUBSTATION

5, the protective functions were segregated (separated) from control functions, with
tromechanical relays and earljer generation of hard-wired static relays, the functions
were limited to (1) Sensing faults and abnormal conditions (2) Giving alarm

s (4) Autoreclosing of Circuit-breakers. The substation supervisory func-

trol functions were independent of the above protective functions,
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Fig. 38.1 (f) Concept of combined Protection, Monitoring and Control System Amplifier and its Applications — Analogue/Digital Conversion — Auxiliary Voltage Supplies —
(CPMC) with modern microprocessor-based Digital Relays. Smoothing Circuits — Use of Zener — Timer Circuit — Transducers — Static Directional Units —

Table 38.7. Functions of Combined Protection, Monitoring

Logic Circuits — Negative Sequence Circuit — Summary

and Control (CPML) in EHV-AC Substations

Protective Functions

. Section 1, SOLID STATE DEVICES
Busbar protection, Transformer protection, Transmission line protection.

Automatic functions

Synchronizing. 38.19. SEMICONDUCTING MATERIALS
Load switching, Sequential operations Tapchanging and voltage control. Load o8 ING

Shedding System restoration ‘ The common semiconducting materials are germanium and silicon. The resistivity of semicon-

Supervision and
Monitoring

Data collection ductors lies between that of insulators and good conductors. The electrical resistivity of semicon-
Data logging ‘ ductors decreases with temperature. Both germanium and silicon belong to the 4th group of periodic

Fault annunciation table, thereby they exhibit inertness. These materials have covalent bonds amongst their atoms.
Sequential event recording

Measurements _If germanium or silicon crystals contain no impurities, the only current carries present are
Disturbance recording . those produced by the thermal breakdown of the covalent bonds.
Remote control

Interlevel communications.

‘ N They are called intrinsic semiconductors. In general however the germanium crystals contain
Communication between two levels e.g. control centre and sub-station control some trivalent (such as iridium) and some pentavalent (such as Arsenic) impurities of the materials.

room. The formation of covalent bonds with a pentavalent impurity still leaves an excess electron in the

Manmachine Interface

Display, instructions etc. outermost orbit of the atom thereby making the material behave as if it is an n-type material. 1t

Construction Principle, Most of the functions are performed by the substation CPMC system by means that the excess electron or negative change is available for conduction. Silicon is used in
means of Microprocessor or microcomputer in accordance with the stored Software (programme). The sem1cond1.1ct.o r devices now. , ) . , . e
software in modularised to facilitate incorporation of new functions and to simplify future extension, _In a similar way an addition of a trivalent impurity makes the material behave as if it is P-type.
Building block principle is used. The total CPMC system is tailor-made with required plug-in modules This is because there are only three electrons in the outer-

inserted on a standard racks. Combined protection Control and Menitoring System prove economical for

most orbit of the impurity atom which has to form a bond

complex protective tasks such as those for EFHV-AC substations and HVDC substations. 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 ~——g—

Summary ) S ; stable covalent bond. . o ‘ ‘ ELECTRONS
. . e ) , As a result pentavalent impurity in the semiconducting B

In static relays the measurement is performed by static circuits. The static relays have following material makes it behave negatively (surplus electrons) and
types : . . ) . o trivalent impurity makes the materials positively (surplus

(1) Analogue relays (2) Digital Relays. The static relays are assembled by using Printed Circuit holes or unfilled electrons). For n-type materials, electrons
Boart?s (PC"B) or Integrated Circuits (IC’s). Earlier relays were fixed wire relays having certain are called major carriers holes being minor carri«;rs. For p-
functional circuits. ' type materials it is vice-versa. Semiconducting materials

The recent generation of static relays are ‘Programmable Relays’. Programmable static relays added with such impurities are called Extrinsic semiconduc-
are flexible’. Programmable static relays include ‘Microprocessors’ or ‘digital’ computers in their tors. o (111 ) [ e———
circuits, Most recent advances include Combined Protection Monitoring Control Systems incor- P.N. Junction J
porating microprocessors or microcomputers. v ~ o _ s i ,

With the developments in digital techniques and microprocessors, the static relays with i When there is no external connection made to p'n‘JUILC' |
microprocessors have become commercially acceptable. The static relays are preferred for almost ion there is tendency due to diffusion for the ele‘ft?‘”? of the  syope - CATHODE
all protective functions and the use of electromechanical relays is now rapidly reducing to very f-region to cross in the p-region and vice-versa. This creates Dﬂ

simple protective functions and auxiliary relays.

-7

a potential barrier across the junction as if an external
source of e.m.f. is connected. Fig. 38.2. Forward Bias of a p-n junction.



722 L SWITCHGEAR AND PROTECTION

-+

—_—

FORWARD
CURRENT mA

3,

——————————— 02V +V

REVERSE
VOLTAGE FORWARD

REVERSE VOLTAGE

BREAK-DOWN

REVERSE
CURRENT mA

[ S

Fig. 38.3. Current.voltage characteristic of p-n junction Diode.

The 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-
tween anode and cathode which the diode can withstand in reverse direction. While employing diode
in a.c. circuits, 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, etc. 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, etc. 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.
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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
Zener voltage or breakdown voltage.
No damage is done by operating
zener diode in reverse current condi-
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- =7 : -5 =3 -1 1 2 3 4
ges with temperature. Zener diodes S L A 1/ R bt
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 S
used to overcome temperature ef-
fects.

i

SYMBOL OF
ZENERDIODE

—

BREAK-DOWN
VOLTAGE
FORWARD CURRENT (ma)

CURRENT (ma)

|
i
i
¥
-— 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,
7 38.20.2. (C) Junction Transistor (Bipolar Transistor)

38.20.3. PNPN Devices and Thyristor Tripping Civcuit

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
 similar to that of thyratron but is far more efficient. The

Transistors are used in amplifiers, level detectors, switching circuits.
A junction transistor has two junctions and can be either PNP or NPN transistor as shownin
Fig. 38.5. In PNP transistor a N-type layer is sandwiched between two P-type layers [Fig. 38.5 (a)].

EMITTER COLLECTOR |EMITTER ‘COLLECTOR device is mainly used for switching and power control .
: N : y e.g. controlled rectifier. In thyristor (SCR) a brief signal. N PIN|P | Ni—s
—de|nlp i dNv]|r N | (positive-charges or holes) 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- ' : , Iz G
BASE I BASE tinues to flow. In other words the thyristor is on. A " Fig. 38.8. Schematic diagram of
N | reverse signal to the gate (negative) can make the PNPN, P-gate type.
| thyristor off. Or if the circuit is intervupted by the
EMITTER : EMITTER COLLECTOR 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
I trip coil of the circuit breaker. The circuit breaker opens and the auxiliary switch also open as it
i is interlocked with the circuit breaker and thereby the thyristor is turned off,
i BASE , TRIP COIL
| .
Fig. 38.5 PNP and NPN Transistors. I 03003
. ) . 0 AUXILIARY
In NPN transistor a p-type layer is sandwiched, between two N-type layers [Fig. 38.5 (b)). SWITCH THYRISTOR (SOR)
Fig. 38.6 (a and b) illustrates the circuit, symbol and Fig. 38.7 represents the ‘ch_aracteristic of _
a FET. There are several other combinations of connections. When drain voltage is mcreased, the GATE
drain current increases. The slope of Iy~ VpoVp depends upon Vs (Gate to source voltage). =_ BATTERY Y/ '%
o |
SIGNAL FROM
T 6 : Do + RELAY CIRCUIT
GATE ‘ o * 1
P TYPE |
-1 G - $ = Source Terminal '
N + : \ = Source Termina H
SOUSH(JEL RS l ©—oDRAIN G _Ii,. ;[-’S G = Gate Terminal L
N TYPE CHANNEL ‘v +° o | D = Drain Terminal Fig. 38.9. Schematic diagram of thyristor tripping circuit.
Ds
\ ’ There are several types of thyristors such as :
SN VGS —~——D ‘L_‘ )

(1) Reverse blocking thyristor (2) Bidirectional thyristor (3) Turn off Thyristor (4) P-Gate

Fig. 38.6 (@) Structure of FET. N Fig. 38.6 Symbol of FET (Field Effect Transistor). Thyristor, etc. The following discussion pertains to P-gate thyristor only.

v 1. Application of positive voltage to gate with respect to cathode terminal.
650

2. Setting up a displacement current in P-type region, by means of a pulse-positive with respect

Ve = Vs to cathode, to the gate. The second method is used in the output stage of static relays.
Gs = Vp

Thyristor can be used in severs! applications such as controlled rectifiers, motor control circuits,
temperature control devices a.c./d.c. switch circuits, inverters etc. :

In typical thyristors, the range of rated forward current covers a few amperes to several
dred amperes. The thyristor can be triggered by a momentary pulse (4 i sec) of a few mil-
mperes 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. ‘

hun
lia

Fig. 38.7. Chairacteristics of FET.

v
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38.20.4. Power Switching Techniques with “Thyvristors” _ ; A new type of pptentiometer callefi cemeto potentiometer is being widely used in static relays,
Co;lvennt:ional electromagnetic relays and contactors have numerous disadvantages, the moving It consists of a semiconducting material, | | |

parts wear out quickly when the rate of switching is high. There is glso a dgnger of arcing across ) ' , metal-oxide resistors, metal fil resic.

the contacts which demands flame proof enclosure if the contactor is to be ‘mstalled in explosxve tors and wire-wound resistors are used, )

atmosphere. Their efficiency can be adversely affected by dust and other air-born contamlna‘ntsL 38.20.8. Capacitors

‘Thyristors’ have made possible solid state switching dev1c§s. ’I.‘hese devices perform the operations Capacitors are used in time cireuits. int

performed by electro-mechanical units but with few of their disadvantages. :

A.C. and D.C. Switching. A thyristor can be regarded as a conve_nti‘oxllal diode (r‘ectiﬁe.r)‘
equipped with a third terminal through which a small pulse of current in injected to trlgg‘er it are, therefore, preferred.
UnlikAe the conventional rectifier the thyristor blocks both negative and QOSItlve ‘{oltages untlll the; eh stability (bottor than 19) is needed.
trigger signal is applied. Once triggered, the thyristor will pass current in one dlrectlonhUIlftll the 1c capacitors are rarely used in static relays except in uncritical circuits such as smoothing
end of half a cycle when the current drops to zero. If a second pulse is gpphgd a§ the next ‘1 cycle : feeding devices. Trun : ‘
the action is repeated. In other words, if the potential across the thyristor is suitable, the thyristy electrolytic capacitors.
triggers when a pulse is applied to the gate ‘ Capacitor Units
and it continuous to conduct till the poten- .
tial is suitable. Thyristors can be used for ‘ Separate plug-in modules of ca
a.c. and d.c. switching application with units can be ordered and kept as
high reliability. Fig. 38.10 gives diagram of ;

" a single phase thyristor switch. : OUTPUT ,

— Auxiliary relay pick-up and drop-out circuits
— For impulse lengthening or shortening
The thyristor conducts for half the A

— For feeding trip coils upto 300 W,
cycle when forward biased, provided posi- ~
INPUT

Carbon resistors are rarely used in static relays. Instead

pécitor units are used in static protection systems. The standard
spares. Capacitor units are available for

during interruption of auxiliary power. These units
capacitors of following type :
tive pulse is applied to its gate. At natural

(1) Aluminium-Electrolytic Capacitors (wet type)
current zero of the wave the thyristor auto-

. ‘ — 16 V.220 uF to 63 V, 47 pF.
- matically turns off. The period of conduc- Fig. 38.10. Single phase thyristor switch, @) Tantalum-Electrolytic capacitors :
tion in half cycle can be controlled by con-

trolling the phase of the pulse applied to gate. Two thyristors are necessary to get f:onduction fo ;’k — 6V, 330 uF to 350 V, 47 uF.
full-wave. In d.c. circuit, only a single thyristor of enough rating will be adequate instead of two
thyristors shown for a.c. circuit in Fig. 38.10.

38.20.5. Triac

The output element of a static rela
Thyristor (SCR) conducts only in one d
and conducts until the DC supply is int
in either direction (A.C.) when triggere
the triac conducts till the load current
off by an auxiliary switch. In A.C. cire

With signal continuously present on the gate, the triac automatically turns on and off at the tirely satisfacg process was also more ec
beginning and end of each half cycle. Thus the period of conduction is almost a complete cycle, '

tory one to large number o
) s The second eneration of static relays was with integrated circuits (IC’s). The static rel ith
i i - f switch over-voltages g y gr. 8). The static relays wi
dSlrclfe S%Rfa?dn’cl‘é‘lac cuts-off at current zero, there is no problem of swite ing ov g IC’s are most compact and have highos reliability.
and radio-interference.,
38.20.6. Thermistors

38.21. PRINTED CIRCUIT BOARDS WITH DISCRETE COMPONENTS

; The task of connecting the discrete ( /e, Separate
y can be a Triac. Triac is a further development of SCR. simplified by using Pre-printed Circuit Boards, Compl

irection (DC) when a positive pulse is applied to its gate; board', and conducting material is filled into eached po
errupted. Triac is bi-directional device and passes current the discrete components (resist

d by either positive or negative gate signal. Once turned on, provided in the board and ter
falls to zero. In D.C. circuit load current should be switched
uit load current reaches zero twice in a cycle.

, individually identifiable), components was
ete circuit is printed and etched on insulating
rtion to provide electrical connection between

, o 38.22. STATIC RELAYS WITH II\ITEGRATED CIRCUITS

e negative-temperature coefficient thermistor’and positive temperature coefficient ther- ; 'The féybrid IC’s hgve resi.stan

mistor. The resistance of an n.t.c. thermistor decreases with the increase in temperature. Semi-con uctmg and insulating

38.20.7. Resist ~ by process of diffu
8.20.7. Resistors

IC’s,
Variable resistors are frequent

i del Truly monolithic IC has a basic electronic
ues, time de

circuit (with its passive elements such as resistors
; - , N o capacitors and active elements such as diodes and transistors) in a single piece of silicon wafer
Hence care shou sing the type of potent;ometer for partlculfar applications. Wire (chip). The entire circuit is formed in o single man
wound type is most common, The reliability of this type is high upto a few kilo-ohms value. Carb-
on-potentiometers which are widel

facturing process,
¥y used in other electronic circuits are not suitable for static relays A single silicon wafer of
as regards precision and stability,

about 25mm diameter can
made simultaneously, the number depending upon the ¢

ce, capacitance, and R-C circu
materials on a passive or a ne
sion, printing/doping. These are not truly

its formed by depositing conducting,
utral base such as glass or ceramic,
monolithic IC’s, but a step towards

accommodate about ten to hundred ICs
omplexity and size of individual circuits.
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The individual IC’s are then separated. To give an idea, a complete IC comprising about 12 tran.
sistors and associated resistors can be accommodated on a 1.3 mm?. The IC package containing
this circuit and terminals will be about 1.5 mm?,

Such a circuit is known as Integrated Circuit (IC). Integrated Circuits for common functions are
manufactured on large scale as per international standards (IEC 147, 141). Standard 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 gseq mginly iq opera.
tional amplifiers, oscillators, regulators etc. (Ref. Table 38.3). They find apphca‘upn in carrier cur.
rent protection, and various static relay functional circuits. Digital IC’s are .pr1n01pally used as
switching units which perform on/off function. These IC’s do not require precise componex}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 38.3. Integrated Circuits

Digital Analogue (Linear)
Inverters Operational amplifiers
Flip-flops Peramplifiers

AF. amplifiers

Z.P. amplifiers
Power amplifiers
Voltage regulators
Wideband amplifiers
Level detectors ete.

Monostable circuits

Pulse generators

Emitter-coupled circuits

Schmitt triggers etc.

NAND, NOR, AND, OR Gates

Transistor-transistor circuits

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 discrete ci
cuits® (*circuits where various separate components are connected to form the circuit) include :

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

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

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

(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.

(i1) 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.

INTRODUCTION TO STATIC RELAYS 729

TERMINAL

In Reed Relay with normally
closed contacts, a permanent biasing
magnet is placed near the tube. The
reads remain closed due to magnetic
field of the magnet. When the coil is
energised, it gives a magnetic field
opposite to that of the permanent-
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.

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

FIELD OF MAGNET
. g - ZRX N
N - ~
e |
/
\ ]( Ot PERMANENT L
MAGNET . .
}J k |\ =/, o -1 Logic
S
\ N ’/// - When
oS _ S closed = C open
FIELD OF S opened = C closed
ColL MAGNETIC FIELD P
OF MAGNET

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

(@i) Typical Characteristic of a Reed Relay
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 : 108
Number of contact-pairs : Upto 6

38.23. STATIC DIRECTIONAL UNITS

(t) Hall Generator. Hall generator consists of a semi-conductor flat crystals usually N-type
Germanium, placed in magnetic field created by voltage coils (Fig. 38.12). Current is passed through
the crystal, from one edge to the other. A d.c.e.m.f, ‘B’ 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).

(i) 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.
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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
i F 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 ; Switching circuits are made up of interconnection of basic ‘logic blocks’. Five common functions
CRYSTAL . ' 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 “on and off’ control.
%\SBISEEDFI;E/LD — %@E - They are particularly suitable for the following applications : (Ref, Sec. 44.14)
VOLTAGE COILS —

— 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 quantity which expressing these states, can only two dis-
tinct values, conventionally designated 0 or 1. This quantity can occur in the form of a voltage of
the terminals of a circuit, a current in the coil of a relay or electrovalve, illumination of a photo-

s i, electric cell, opening or closing of a relay contact or a limit switch stop etc,

T 7 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)

o The function is equal to 1 when all the variables are equal to 1.
a The function is 0 when one or more varial is 0. Here ‘1’ and ‘0’ denote the two states such as
O e e e e W e conducting, non-conducting or positive and negative.
(@) Hall generator. Logic Truth Table
l I A | B C=AandB 4
AMPLIFIER ‘ ¢
v L ~ OuTPUT TRIP CIRCUIT 0 o 0 8 AND ey
—=> GENERATOR £ 0 1 0
. 1 0 0 C=Aand D
(b) Directional relays unit employing Hall generator. : Fig, 38.14.
Fig. 38.12. Hall generator for Directional Protection. 1 1 1 ; 7
i " APPLICATIONS | T
Section IL. Dﬁlgﬁgé%%%SRﬁgglgR AND function is represented by the symbol A e.g., x Ay means x and y. [Symbols A, +nN are
' ) 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 Truth Table AND function
be though on in terms of the schematic Fig. 88.13. ‘ IfA is true 1.
A B AAB
VARIABLES | FUNCTION If A is false 0.
3> I 1 1 1
INPUTS e SWITCHING If B is true 1. 1 0 0
CIRCUIT == om o= QUTPUTS
o 0 0 0
— > , 0 1 0
Fig. 38.13. Schematic diagram of a logic circuit. IfBis 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 '

B C=AAB

+ —_

Fig. 38.15

Fig. 38.16 illustrates a logic AND gate achieved by Diodes. It is callgd D‘iode 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

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

+

- + -

8
+ + +

Aa_

8

Fig. 38.16. AND circuit using diodes.

The input terminals have one of the two states called.

high low
+ —_—
1 0

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 no

t 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)
ate employing contact a, b and contactor X, When a AND b are

Fig. 38.17 illustrates AND g
closed, contactor X closes contacts x.

f—>C

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

Logic Truth Table

8 OR

Fig. 38.18.

The function equals 1 if one or
the variables are zero.

Or Circuit with Diode

A
-“”__‘.
8 ———
——— ]
A | or
8
Fig. 38.19.

The OR operation is
in Fig. 88.20 picks up and
contacts @ OR b is closed,

N b
LT, -

xm

@ - ¢

Fx=a+6

In Fig. 38.19 the output C is positive if inputs A OR B is positive, Otherwise

performed by contacts in parallel in conventional relav
produces and output signal at its normally open co

Fig. 38.20 OR cireuit with conventional contacts a, b and contactor X,

733

0
0

C=AVE
C=A0RS
C=AuUsB

more variables equal 1. Conversely the function is zero if all

C is negative.

Truth Table

¥ systems. Relay X
ntact X when of the
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38.27. NOT FUNCTION (Ref. Table 44.2 ¢)

38.29. MEMORY FUNCTION (STORAGE FUNCTION)

. . - - ion 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. NOT function is signifies neg ventional relays, a self-holding contactor retains its
: ~ contacts in closed position retains the memory for SIGNAL K Q Q
‘ 4 c=4 _ a short duration of time and a magnetically latched L J dr
A 0 NOT function contractor for an indefinite time. These are monos. ‘ . -
Nor 1 _ table or single short functions. Storage functions ¢ 9 Q
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. ({) Monostables. These have a single input G !
_ pulse. The ‘monostable multivibrator’ or ‘single
A means not A, shot’ (because it gives a single pulse). In conven- oy
The function is equal to 1 when single Va?iable is zero. | tional relays, the definite time storage with a single o
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- i delayed by a RC network or a time-delay relay, If
X : d. In Fig. 33.22, when contact A of con- C a pulse is applied to the input of such a time an out- ‘l‘
put signal are inversed. g ) ; ) L . ;
i i contact C of contactor C’ is opened. _
ventional relay is closed, f contactor € d ? put.pulse haymg a limited period T'is produced. The T
When A is open, C'is closed. In other words C = A, i.e, C = NOT ( period of T' is determined by the RC element. The
A pen, ! output signal can be delayed by combining the ° — 1
' U S timer with other basic functions. Fig. 38.24 (a) il-
38.28. COMBINED FUNCTIONS (Table 44.2 i k). Fig, 38.22. NOT Function with convention lustrates a typical circuit which generates a pulse

. relay contact A and contactor contact C. in response t.o a t'rigger pulsg. The Width W of the
About 75% logic operations can be achieved by logic gates output pulse is adjustable, This ciroutt gan Lo oalles
AND, NOT, OR. These are used on combinations : (

as monostable or monostable multi-vibrator.
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 R;.
A|BorABorA+B.

Because of this connection this circuit has only
Truth Table one stable state ¢ = 1 and =0

Y
If @ does becomes zero, the voltage V, decays f
- towards zero until V1o stage is reached [Fig. 3824 @
.o . — w
(B)]. At this instant, the flip-flop clears and @ goes
back to 1 and @ goes to zero. —=t
Thus the state with @ = 1 and @ =0 is unstable ®) gaveagogzlsl\ﬁ rll\ggimbs]table'
and persists for a pulse with W which depends upon § o524 aple.

ECy time constant,
Fig. 38.23

In static relay circuits, monostables are used for a variety of timing application such as produc-
tion of pulses of specified width, production of delayed waveforms etc, For example, the trigger 7'
given to a triggering circuit (Ref, Fig. 38.24) could be used

to produce a pulse of width W required in a particular ap-
plication.

o @
(it) Flip-flop Bi-Stables. Two NAND gates can be
connected back-to-back in such a way that the output of

one element is connected to the other element and vice
verse,

In set-reset flip-flop (S-R flip tlop). (Ref, Fig. 38.25)

If both S and R are held at 1, the @ and @ continue
their respective earlier state. If S is kept 1 and R is set
to 0, @ will be forced to zero and @ will be forced to 1. If

a
R is returned to 1, without changing § from 1, the output Ro
state remains indefinitely @ = 1 and @ = 0,

SO

‘NOR’ Function. NOR is a combination of NOT OR. Boolean symbol is 4 e.g. A | B.
A ' B B=1B B B=AlB

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 Q@ becomes 1. I.f S is
returned to 1 and @ =0. @ = 1 persists. Thus by applying the correct pattern 1-0to 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- , X+A(USXV.)SUPPLY
ductor (MOS) Logic employes i
MOS transistor and diodes in- .
stead of bipolar (junction) semi-  (INPUT) §2ka
conductors. Va = ‘
(i) DLT Logic (Diode Tran- 0y D,
sistor). Fig. 38.26 illustrates a ‘ NPN
basic NAND gate circuit. Transis- V5 |, .. '
tor NPN conducts when base has !
positive polarity with respect to 20 ko N
emitter when both inputs V,, and Ve
Vy, are (+) high, the current flows
through the circuit +V Dy, 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 : /

VX (QUTPUT)

0
Aux., Supply
Fig. 38.26. NAND gate with DTL.

Ve v, Ve

o

O = O
O o

0
0
1
1

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 Discrete 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 (+).

(i1) 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
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gate circuit 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+ .
(AUX.SUPPLY)
2k 2k
Q, Vx
Q
(INPUT) 2 (OUTPUT)
y NPN NPN
a @
v DOUBLE t\>
b EMITTER
TRANSISTOR

I]l

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

When either of V, and V}, is low (corresponding to 0) the transistor @1 will have a positive
current iy, This will drive the transistor Qg 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 Qg gets reserve biased. This results in reversed operation
of input transistor @;. The current i, is reversed and becomes negative. Output transistor Qy 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 correésponds to NAND operation.

Truth Table of Gate in Fig 38.27: ‘

, V. ) vV, V.
1 1 0
0 1 1
1 0 1
0 0 1

When V,, and V}, is high, V, is low
-V, and V} is not V, .
This is NAND function.
(tii) Metal Oxide 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-

af:teristics 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 needs 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.
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uitably form and satisfies the following basic condi-

sistors, registors and capacitors connected in S
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 o
range.

perates on continuous input and-in linear

~ v ’ Mode A basic operational amplifier is represented by a triangle having two input terminal and one
6S ) output terminal. (D.C. supply is not indicated in the symbol).

The basic operational amplifier (the trian
Vos V discrete or IC’s). Such modules can be conne

tical i :
(@) Symbol of MOS. (b) Characteristic of MOS ‘ ematical function such as
Fig. 38:28, Metal. Oxide Semiconductor (MOS). :

gle) circuit is available in readily built modules (either
0 Source

cted with appropriate feedback circuit to achieve math-

— addition, subtraction,
Pocket calculators with MOS-LSI circuit can perform computation, logic and control functions, — Integration,

COS/MOS logic gates (complementary symmetry MOS Logic) have both p-type and n-type chan- Opgrational Amplifiers are widely used in analogue circuits to instrumentation, control on
nels, COM/MOS logic gates are available in NAND, NOR and many complex functions. Unused prot‘ef:tlve relaying. While studying application of Operational Amplifiers it is not essential to be
inputs are connected to positive or negative supply. illustrate symbol and characteristic or a farplhar with the internal circuit of the same (triangle). But the function of the operational amplifier
COM/MOS inverter., . (triangle) with respect to the external terminals must be clearly

— differentiation,
—— combination of the above.

- MOS logic is used in recent digital circuits for static relays. understood for understanding the application. INVERTING
. ' o2 I™N
38.31. APPLICATIONS OF LOGIC CIRCUITS IN PROTECTIVE RELAYING | 38.33. SYMBOL OF OPERATIONAL AMPLIFIER INPUT oUTPUT
. Logic functions AND, NOT, OR MEMORY INVERT, NAND, NOR etc., can be conveniently Flg 38.29 giv'es the symbol of an opeljation_al ampl?ﬁers. Most
o operational amplifiers have several terminals in addition to those +
used for the following : . . e . NON~INV-
) , ireuit of relay. | shown in the basic symbol. The addition terminals are for con- ERTING
— In measuring circuit o relay, in comparators. . . . nection to external circuit to achieve near-ideal behaviour. Opeéra- Fig. 38.29. Symbol of an
— In auxiliary systems for interlocking and control functions (To replace auxiliary and all or ; tional amplifier has two input terminals, The negative terminal Op‘era.tiox.lalyampliﬁer.
nothing relays) . is called ‘Inverting Input’. The positive terminal is called ‘Output
— for starting and control of power consuming devices.

~ Terminal’. Supply terminals (usually not shown in bloc
— for control of power plant and generating systems. or regulated power supply. Usually only one output te
— in conjunction with digital com load being earth (ground).
of system components.

k diagrams) get d.c. supply from batteries

rminal is indicated, the other terminal of
puters for remote on-line monitoring of back-up protections

Some of these applications have been covered in section IV,
Consider auto-reclosure of a circuit-breaker.

38.34. CHARACTERISTICS OF IDEAL OPERATIONAL AMPLIFIER.

An ideal operational amplifier has infinite input resistance, a zero output resistance and voltage
(Ref. Sec. 44.14, Fig. 44.11).

characteristic illustrated in Fig. 38.33. Infinite input resistance results in zero input current. The
If fault has continued, open the circuit breaker. If fault has not continued, let it remain closed. _ 7ero oufput resistance means, the voltage drop in output stage is zero. The circuit model for ideal
So, the circuit breaker has two alternatives. (To REMAIN CLOSED) OR. (TO OPEN) ' operational amplifier can be represented by Fig. 38.30 (a).
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 V,=A(V,-V)
of the AND gate can b(’:} given to other c.ircuit cgmponents. (Ref. Ch. 39) where A = voltage gain usually 10,000
In complex protection schemes, various logic gates are used.

V. = inverting input

The sequence is as follows :

In linear range,

Section III. OPERATIONAL AMPLIFIERS AND ANALOGUE V_ = non-inverting input.
CIRCUITS - ‘

From Fig. 38.30 (b) it can be seen that in ideal operational amplifier a very small input voltage
38.32. DEFINITION AND APPLICATION _ brings a saturation. This draw-back is overcome by negative feedback.

The term ‘operational amplifier’ is used widely to denote a circuit containing a high gain d.c.

"Ref. Fig. 38.52 (a), when V,+ V= 0
‘amplifier with a feedback from output to input. The operational amplifier circuit comprises tran-

Negative sequence current output of the filter, I, # 0.
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- (VOLTS)
P Vol
-
\g’ POSITIVE
- AV | m -
2 cc SATURATION
=
>
© SLOPE A>10 000
Vo R (Vp =)
» —° INPUT
fF(Ve—V2) (MILLIVOLTS)
L NEGATIVE /| “Vee
1 - SATURATION
(a) Circuit Representing ideal (b) Typical Transfer Characteristic of an Operatipnal
Operational Amplifier. 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)

Rg
MV

Vs OPERATIONAL
- AMPUIFIER

Fig. 38.31. Use of Operational Amplifier as an inverter.
The output is fed back to negative input through a resistance Ry

Rp
V():E

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 Rs
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-

) " . }
ghed ‘to positive terminal through Fig. 38.32. Non-inverting Amplifier.
-

Vs

aj

INTRODUCTION TO STATIC RELAYS
If R, is infinite, V|, tends to zero. If R, is zero
Vo tends to infinity.

@i27) Follower. (Fig. 38.33)

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

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

»

The waveforms V; and V, are added by
means of addition circuit. (INPUTS)

741

Fig. 38.33. Follower.

R

If R, Ry, Ry equal ‘ v
ouTPUT
' Vo==(Vi+Vyp) v
Ry _I_EE V2 4 o
VO R"—l Vl + Rz VZ _
If Rp, Ry, Ry equal, Vg == (Vy + V.
F» ft1, fig equal, Vo = - ( 1 2) | Vo= (Vy+Vy

(v) Analogue Subtraction. (Fig. for Ry =Ry =Ry,
38.35) L

The waveform Vi and V;, can be sub- Fig. 38.34 Analogue Addition.
tracted by a suitable circuit of operational R
amplifier. ‘ VWA ———mr

Rl +R3 ,R4 R2
i B v Ry
Vo ( R, J(RQ v, |27 R W o———d— y
o
If Ry, Ry, Ry, Ry are equal, V. P———0
2 +
Vo=Vp-Vy, 2
(vi) Analogue Zero Detector. Opera- ' Ry, Vo=Vy-V,

tional amplifier can be used as zero detector
by a simple circuit illustrated in Fig. 38.36 ()
when V; touches zero, output Vy swings from

positive saturation (+ Veoe) value to negative

for RIZRZ:R3=RS=R4

=

Fig. 38.35, Analogue Substration,

saturation value (~ V() or vice versa. [Ref. Fig. 38.31 (b) also).

Vee Vs
V50 v i
Wi -
[
=
o
Zz
r
“Vee
Vee Jmae
e
i
9
5% 0
o

= I L

(a) Symbol

(b) Characteristic

Fig. 38.36. Analogue zero detector.




but

Vo swings from + V,, when the V, crosses V1 and becomes less than V,. (Ref. Sec. 39.11).

a resistor and capacitor can be arranged to integrate input voltage with respect to time (Fig. 38.38)..

input impedance),

* Total charge on capacitor
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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.

7

N/
WU,C—-»
[

L]

0 1 s

OUTPUT
<
o

(@) Symbol (b) Characteristic .
Fig. 38.37. Analogue level detector,

If V, is more than threshold value Vi, the output of comparator is positive (+ V..). The output

(vii) Analogue Integrated by Operational Amplifier. An operational amplifier along with

where i is the current flowing in capacitor. As flows through capacitor only (i = 0 due to infinite

vy,
TR and IF=Ep Reset Switeh

t
_:_1J.
Vo=gig ) vaa

Fig. 38.38. Analogue integrator,
Q@=CV

t
The charge on the capacitor C is given byj L dt

Q:jjm %dt

Q=-CV,

ting the output to zero.

Hence

_ tems. A signal processing system is an interconnection of co

(derived from secondaries of CT’s or PT
similar or comparable to original entity

fed into the Digital Signal Processing block.,

and D/A conversion block. (A/D = Analog

CT’s, PT’s or tranducers like

converts physical variables (either electrical or mechanical) to an
signal. Some transducers re

cessing Block can be in ma
recorders, analogue black and
tors of protective relays.
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/' -
Hence CVy = f 7
1 (¢t
Vo=-25 V, dt.

This is an integration of waveform. A switch is added to permit discharge of the capacitor reset-

R
—MWW——
C 1
Vs o |- - Vo VO“JTCJJoVsdt
s "]
+

r

Fig. 38.39. Analogue differentiator.

(iii) Analogue Differentiation by Operational Amplifier. Input current it does not flow

in input terminal. The input current is given by

dv,
' dt’
g amplifier (Sec, 88.15.4) with a differential function added in input.

CI

The circuit is an invertin

avy

dt

This is a differentiation of input voltage,

38.35.2. Analogue/Digital Conversion

(i) Signals Processing systems. The static relay

Vo=-RC

circuits incorporate signal processing sys-

Fig. 38.40 illustrates the basic blocks in Signal Processing System. The continuous signals

s, transducers etc.) are called analogue signals as they are

. They are fed to the analogue signal processing block.

The digital signals received from digital computer, from digital protective relay circuit ete. are

The analogue processing block and digital processing block are interconnected through A/D

ue to digital and D/A = Digital to analogue).

ying system comprising analogue input derived from secondaries of

thermocouple, pressure transducers. “Transducer” is a device which

Y equivalent voltage or current

quire same form of electrical supply for excitation.

In analogue system the signals (waveforms) are processed continuously. Output of Analogue
ny forms. It can be in analogue form such as measuring instrument,

with or coloured display on control boards, comparators/level detec-

Consider a protective rela
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PROCESSING

ANALOGUE INPUTS DIGITAL INPUTS
FROM CTo/PTg & FROM DIGITAL
TRANSDUCERS COMPUTER, PRO-
TECTION/CONTROL
SYSTEM
ANALOGUE SIGNAL AD & DIA DIGITAL

CONVERSION |4 SIGNAL

PROCESSING

'

£

l ‘P
ANALOGUE OUTPUTS
TO DISPLAY BOARDS

INSTRUMENTS,

PROTECTION/CONTROL
SYSTEM

tive Relaying Circuits.

rela

input variables and functional requirements

computers. In such cases the in
nals,

The representative di

(ii) Analogue to Digital Conversion,
There are many methods of analogue to digi-
tal conversion. The concept of a simple
scheme is illustrated in Fig. 88.41.

The input signals is given to + of opera-
tional amplifier. The output of the operation-

al amplifier is connected to a up/down
counter.,

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

Alternatively the analogue signals can be co

A

DIGITAL OUTPUTS TO
DISPLAY BOARDS,
DIGITAL INSTRUMENTS,
DIGITAL COMRUTER,
PROTECTION,
CONTROL

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

In protective relaying systems, the input variables are compared in a ‘comparator’ the output
of comparator is given to ‘level detector’ the output of le

finally, the output of amplifier is given to output (Tripping) stage.
The protective relay system may be purely analogue system as in conventional electljomagnetiq
ys and many simple protection systems. However, in complex protective systems having several |

» 1t becomes necessary to use digital systems and digital
put analogue signals are converted into representative digital sig-

gital signals are supplied to digital measuring instruments, digital display
boards, digital control units, digital circaits of protective systems.

v ;Pulses
ANALOGUE )
INPUT UP/ DOWN

COUNTER

DIGITAL TO
ANALOGUE
CONVERTER

DiGITAL
OUTPUT

Fig. 38.41. An analogue to digital converter.

nverted into representative digital sighals and then
fed to the digital computer, digital display devices, digital process control devices or Digital Protec

vel detector is given to ‘Amplifiers’ and

INTRODUCTION TO STATIC RELAYS

- 38.35.3. Digital to Analogue Conversion
The output of D/A convertor gives analogue signal pro
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 27
bination will assign a specific value to the output. This type

portional to the digital input,

combination of inputs and each com-
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 multi
to the selection control inputs which can

plexer is controlled by the external logic signals applied
be considered as the input variables for the device.

In practice the inputs are 2" numbers where 7 is limited to 2, 8 to 16. Multi
general signal routing and its funetion is controllable externally.

" Multiplexers are widel

plexer can be used to imp
mapping,

plexers provide

y used as general purpose combination logic devices. A 2" to 1 multi-
lement any logic function with n input variables using suitable direct

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

. Input Variables
Selection control Cy

Channel

Sum at output

X1 Xg

O| O bt | ot | pm

Wi~
p—a-r-ar-a»—noo
Hlololmklo
ol~lolojo

1 1 1
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 circuits via the communic i i

division multiplexing different classes of information along these bus s
38.35.5. Encoders and Decoders.

Combination of circuits are usuall
set of inputs variables.

ystems.

Y necessary to produce more than one output from the given

An encoder generates n outputs from 2" inputs.

A decoder generates 2" outputs for ‘»’ inputs.

Decoders are used extensively in programmable static relay
addressing a specific device or element in the system.

For example a microprocessor (Central Processing Unit) will com
device or element via bus structure with the help of address decoder.
38.35.6. Programmable System

A digital system processes signals or daté ac
data collection, data transfer, data stora

circuits and computers to enable

municate with a particular

cording to ‘program’. The various functions include
ge, data processing by arithmatic means, given output etc.
These functions are performed internall

y in the digital system. These functions are performed by .
appropriate configurations of combinational and sequential logic circuits including memory ele-
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Most static relays require various auxiliary d.c. voltage between 24 V and 240 d.c. The voltage

stabilizers are used in the circuit of relays. The disadvantages of using station battery system for
auxiliary d.c. voltage supply to static relays are the following :

— Voltage transients are introd

battery supply (trip circuit fo

Hence special precautions ar
(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 battery voltage is con-
_verted to a.c., then transformed and then rectified.

ments. In programmable systems, the configuration of the g(_aneral purpose logic is fLeXIble. The
hardware is controlled by a programme or sequence of instruction codes Whlch defines the setqufeg«:e
of operations of processing functiors. The instruction codes are sorted in the memor:y part 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_evelt‘)pm?lntd of
complete Central Pocessing Unit (CPU) of a computer on a sir}gle Ir'xtegrated Clrcult_(I(,) ca‘ ed a
chip. Such a CPU is called a microprocessor or processor apd is designated as Jup. Microprocessor
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 microprocessor. For example in a

uced by opening of inductive circuits connected to the same
r example). The voltage surges can damage the static relays,
e taken to design the static relays to absorb such transients

S ‘t micr i I -] e

Programmable Distance Relay for protection of transmission line, a 16 bit microprocessor operating ] s . 5 s R s < ,
at 10 MHz is used. ' ’ , | —
The microprocessor has a separately replaceable programme memory in the form of chips. The —

subsystems also include read and write memory for working storage and nonvolatll.e RlAM Alt;or1 stos-
ing settings and targets when the relay is de-energized. Inclufigd on the processor is the ]at og (;
Digital Conversion system and multiplexer. AC input quantities (4 currents and three vo .agfe‘zsd
are analogue multiplexed to single sample/hold circuit. The sample/hold subsystem output is fe

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 :

N Fig. 38.42. Block-diagram of auxiliary d.c. voltage supply scheme,
1 —1Input, 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 circuits,

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

Fig. 38.42 illustrates the principle.
The d.c/a.c. converters are self-c

ontained units. The voltages are converted generally from 220
_ Overcurrent suporvision — Loss of potential supervision ‘I‘i‘/;g{;&to about 50 Vd.c The converters are of enough ratings to supply the requirements of several
— Power swing blocks — TFault type ldentl'ficatlon In some cases, nickel-cadmium battery supplies are used for supplying static relays. These bat-
— Time delay — Distance protection, etc. 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

‘he digital ammable relays have several analogue, digital components and microproces- -in auxiliary transformers
The digital progr Y . . in the relays, the rectified, established and smoothed.

sor. Ref. Ch. 43-B for Microprocessor based Protectionr
38.35.9. Hybrid of Analogue and Digital Systemns

The static relay systems receive analogue signals from CTs, VTs and’other tranducersl. Also
from remote terminals (e.g. from other substation) digital signals are received. .Hen(.:e, the inputs
are digital and analogue. The functions within the relay include analogue multiplexing, analogue

comparison etc. 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.

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).

'hen A is positive with respect to B, current
ows through diodes 1 and 4. When B is posi- A:¢

' ) tive with respect to A current flows through 2 WUt
1. Continuous space, continuous time. 2. Discrete space, continuous time, nd 3. In both cases, C is positive with respect
3. Continuous space, discrete time. 4. Discrete space, discrete time, t% D and full wave rectification is achieved,
. i i 'sui igi i i € output containg ripple. To overcome this 5

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

T:chnigues 2 and 3 require digital and analogue hybrid system. The digital subsystem hand- V Opll;ft);lletm, smoothing circuit is gecessary in the
les discrete variables and analogue subsystem handles the continuous var;ablgi. . dicital . | TDP?/

Technique 4 works purely on discrete space and_discrete time. Therefore it requires a digita 1 . !
computer within the protective system. (Sec. 46.15. Fig. 46.7). 38.38. SMOOTHING CIRCUITS |

Smoothing circuit comprises reservoir Fig. 38.43. Full-wave bridge rectifier.
Section IV. ELECTRONIC CIRCUITS COMMONLY USED IN X :

STATIC RELAYS

ging the capacitors exponentially smooths
€ output waveform. The resistance determines the time-constant RC,

_ The voltage across the c
time to get charged or disc
Capacitor,

38.36. AUXILIARY VOLTAGE SUPPLY FOR STATIC RELAYS

The static relays require auxiliary d.c. supply; which is generally obtained ﬁ:om_ station k{a;ctetry
system. The station battery system is also used for other purposes such as tripping, control ete.

apacitor does not change instantaneously as capacitor requires finite
harged. Hence the voltage spikes or ripples get smoothened due to
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: Sl
o e OO + ~
‘[ ALY l o.C.
" " SUPRLY
) ¢ oUTPUT ‘ R
| | i b .
NPUT CONSTANT ’#A i
\ b ~ VOLTAGE Vi ¢ == %
RECTIFIER ; l ;
. o _ o ﬁl)
- . ; Fig. 38.47. Zener diode for voltage stabilization Fig. 38.48. Time circuit.
k ~ ‘ of input circuit, where T = Charging time of capacitor
. (From V, to V)
' , V, = Initial voltage across C
- . V; = Final voltage across C,
‘ ‘ input voltage.,
Fig. 38.44. Smoothing circuits in rectifier output side. Consider Fig. 38.48. The capacitor is charged by the voltage V;
38.39. VOLTAGE STABILIZATION (REGULATION) BY ZENER DIODES o V;
' e ‘The time is given by T'=RC log, AR
Zener diode is used for voltage stabilization. Fig. 38.45, 111ustrate_s thfe method of stablhzmgif = Vo ,
the output voltage of a rectifier bl_'idgfe by_ means of zener diode, zener dlpde is conne(zit'eci1 for reverse Delay Circuit )
current flow. An improved stabilization is obtained by cascade connection of zener diodes. ; _ ' o o
) , ‘ To achieve a very short delay of the order of a few micro-seconds delay line is used in Fig.
The voltage across the zener diode remains constant over a wide range of current. , 38.49,
The bias of the input circuit (base-emitter) should be held constant. Zener diodes can be used ‘ . »
for this purpose. . .
' s — i 1 oFLavED
& — ‘ R, n
Yy Sy Yy PO _ INPUT
CONSTANT |, CONSTANT Fig. 38.49, Equivalent diagram of delay circuit. o
0.C.VOLTAGE o D.C-VOLTAGE
e 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).
ZENER DIODE

\ o)

~ o 38.41. FREQUENCY FILTERS
Fig. 38.45. Voltage stabilization by Zener diodes. Fig. 38.46. Use of two zener diodes.

Filters are used for ‘blocking’ or attenuating certain frequencies and passing other frequencies.
38.40. TIME-DELAY CIRCUITS

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

Time delay circuits are necessary in electronic circuits of static protection. These employ Parallel Resonant LC Circuit. (Fig. 38.50). The circuit having L and C in parallel with supply
suitable combination of resistance and capacitance. The principle is as follows :

Q=CV bination approaches zero. Thereby the voltage Vy across output is reduced to zero. By judicious

V =Q/(Ref. sec 3.2) selection of L and C, the circuit can alternate/block frequencies from appearing across output
N D Vo). ‘
- -Cszt—RCJth. ,

has a Resonant Frequency wy at Vl%? At resonant frequency, the impedance of parallel LC com-
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(i) Negative Sequence Current Filter. Negative sequence current filter is quite complex. Its

design is complicated and expensive as it incorporates a trans-reactor (also called transactor). This
1s a special multi-winding CT having gapped core.

The secondary leads of main CT’s are connect
0, =

Resonant Frequency

ed 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 interchanged, the negative se-
quence filter becomes positive sequence filter). -

A simplified diagram of negative sequence filter is illustrated in Fig. 38.52 (a).

N- :
R~ : SR
V mj 6 i bl N 5, lv
5““’%3%“- ls
(;) (HES?EZ? NOT
1 =4
Iig. 38.50. Paxgailel LC circuit blocks resonant frequency w, and passes other frequencies. ; T0 BE EARTHED) \w |
. . /la \ Y Ve
Series Resonant Circuit (Fig, 38.51). It - )
has series, R, L, C. At resonant frequency F ; 000 T
g = —%, the impedance of LC resonant circuit (Vs ey T A LLAR IR L L e
' C r R
y C. : Cy )
becomes zero. The resonant frequency 1s.passed Vi _ i
through the circuit. For other frequencies, the o—— F-MMWW— , | = AMAAAAAAAA !
circuit offers higher impedance. c Ve W |
Band Pass Filter [Fig. 38.51 (a) and (b)]l. 1;; . _
i i : lle
simple RLC filters discussed above are ca L | _ - ‘
assive filters. ’ i [ Iter with operational amplifier, Fig. 38.52 (a). Negative sequence current filter.
P Fig. 38.51 (a). Band pass filte P i
An active filter such as band pass filter con- and its frequency response.

~ Circuit Diagram (Ref. Fig, 33.19, Sec. 33.11).

Fig. 38.52 (b) shows vector diagram for ne
give vector diagram for condition when only po

The flux produced in the gapp
Ip-IgandIgz-~T v. The resultant

gative sequence condition (YRB) and Fig. 38.52 (¢)
sitive sequence condition (RYB) prevails.

ed-core of the transreactor due current Ig and Iy is proportional to
voltages depend upon the phase relations between V4 and Vy,

Vi , _wo Vo
Resonant Frequency O_—W__?nm_ci ——0

1
®=TLe

BRY S N . _
: y . - 'lB ) v\ l R A //}klv lB
, WL v L P4 0 A="Vg
4 G °5——>f'———5 ,

F For Lo=wo For w#wo

(D —tm

| / Iy RYB
b () . ,
Fig. 38.51. Series resonant circuit passes frequency o, and block other frequencies. |
tains active element like operational amplifier and attenuates freguencies b_eyond 51§s lt)\ﬁro limits
and passes the frequencies within its band limits without.attenuatlon [Ref. Fig. 38.51 (

120°

38.42. SYMMETRICAL COMPONENT FILTERS

A\
. v _ \
The three phase vectors of an unbalanced system can be derived by vector sum of three sets

of component balanced vector called positive sequence, negative sequence and zero sequence com \
ponents (Ref. Ch. 21), -

3 - . . -
. ive the symmetrical component (from output Fig. 38,52 (b). Vector diagram for positive sequence
Symmetrical compor}ent'ﬁlters are necessary to drive y tatic relay. For example in un condition of Ig, Iy, Iy, Vg is equal and opposite to Vy4,
of CT’s or VT's) for feeding into the comparator/level detector of sta 1;“1;'e ag. o exampe in 2 ‘
) . . nd su
balance currer&{ plf’otsectl(jo’ri, ’t71)1e negative phase sequence components is filtered a PP " Ref Fig. 9502 P,
current relay (Ref. Sec. 31.7).

Negative sequence current output of the filter, 1, # 0.

V ]R—Iv

-1 In

Fig. 38.52 (c). Vector diagram for negative phase
" sequence condition ofly. Ig. Ig, Va+ Vg 2 0.
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i d to the

(it) Negative Sequence Voltage Filter, Negative sequence voltage .ﬁlte.i fof:ax'xgr;e:g% rec;ects

ecoxitliary side of VI"s. It passes Negative Sequence Component (V) the mrcmt oo ot nogs
Isaositive sequence and zero sequence components, The relay connected to the outpu

sequence voltage filter respond to V5 only.

ati to line side
For simplicity, the three input terminals of negatlvg sequence ﬁlter are connected to
having no zero sequence component (Star connection without earthing)

i uence
There are many possible methods of connecting r, L, C to get the filtered negative seq
output. ‘

Comparators and Level Detectors

Static Relay — Functional Circuits — Comparators — Amplitude Com
Comiparators — Phage Comparators — Pulse and Squared Input

Comparators — Integrating Amplitude Comparator — Hybrid Comparator Level Detectors — NPN
Transistors — PNP Transistors —

parators — Rectifier Bridge
— Direct and Integrating Type

Operational Amplifier — Schmitt Trigger .
v 39.1. STATIC RELAY FUNCTIONAL CIRCUITS
LINE VTS . : : . o _
(N E%{-ﬁ ‘é"o )NOT The static relay unit comprises several functional circuits such as :
EA
Y

input circuit with main CT’s, Auxiliary CT’s
— rectifiers smoothing circuits, filters
— level detector

— timer circuit

— filter circuit

— directional unit

— comparator

— amplifiers

— setting device

— starting relay

— output stage, etc, -

The réquired 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.
,_f ,__..__mmm_ The input stage of a static relay comprise the following :
LVr F ve [ Vu_ S Vi | '

— CT’s and or PT%,
| — Auxiliary CT’s or PTs. -

Rectifier and Smoothing Circuit

-— Summation units,
- — Filter.

Va

s
Fig. 38.53. Negative sequence voltage filter. _ i

Consider Fig. 38.52 (a). For negative sequence condition of supply vpltage (phase \Srzilti?;cgl e

or when supply voltage contains negative sequence component) nega'tlve sequenceI o tnge ! Z >
pears across P, V. When negative sequence component in line voltage is zero, the voltage 2 :

i i inals.
The same circuit can be used as a positive sequence filter by interchanging supply terminals

In single actuating quantity relays, the quantities are rectified in a single rectifier bridge. The
output of the rectifier is smoothened to remove the ripple. T

he output is given to the level detector.
’ Single actuating quantity relays include overcurrent relay, under voltage relay ete,
In double actuating quantity rectifier

of these bridges is compared. The o
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 int
Level Detector or Measuring Unit

This unit comprises a multi-stage feedback a
unit above a certain level, the output power increases in
value, the level detec '

The measuring unit ¢ ¢! ircuits, amplifiers and level detector circuit, The logic ele-
ments determine the con.

egrating type.
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| e atuce
Amplifiers . .

E')I‘l'lle outputr of level detector is further amplified by amplifier. The amplifier strengthens the f @ I 1, POLARISED RELAY
weaker signal. The output of the amplifier is given to the starting relay or output device. o ) i
Time-delay Element

The time-delay element is introduced bptween level detector and the amplifier. The time-delay
can be adjusted by changing R-C combinations. r
Output Stage . ‘

The output stage of static relay may have one of the following :.

— electromagnetic relay such as permanent magnet moving coil relay.

— thyristor in series with trip coil and auxiliary switch.

i i - functional blocks. The manufac.
h ration of the complete relay is a team work_ of thesg ( . : e
turerfs :u(;)};)ely variety of relays of the same type but having certain modifications to suit particular -

OPERATE

applications by putting together required functional blocks. For example, a time-delay unit is added

i i i ion of auxiliary supply voltage; output
t time delay; volt-ratio box may be added to permit selection o outpy
g(gag:e nl]gly haveyan electromagnetic relay or a thyristorized trip. Hence, the relay assembly is built

up of various blocks, each serving certain specific function. Such blocks are called functional com-

ponents of static relays. The study of static relays is simplified by studying these functional com-

ponents first and then the block-diagram of various relays.

Fach functional component is built up from discrete components'such as 1‘e§15torT, dlofiiss, tr§n~ :’
sistors, capacitors, etc. Some of the components, are soldered on a prlpted c1rc1(111t _of g'is'&"i‘—hl ri;:tléld V
forced expoxi-laminate or the functional component is made up of an integrate c1rcu1t. f(tehp ; ::
circuit card (or integrated circuit with its connections) together with other components of the relay

such as transformers, switches potentiometers, etc. are mounted on a relay base plate.

Alternatively each functional component may be an IC or a group of functional components ﬁ

may be formed on a single IC.

PART I. COMPARATORS

39.2. COMPARATORS A \

In double actuating quantity relays, fwo quantities are compared. ) N
in ci i i i i h. 28) the current entering in
For example in circulating current differential protection (Ref. C _ '
the protectedpzone (I1) and current leaving the protected zone (I) are compared. In phase com

parison type carrier current protection type carrier current protection (Qh. 30) the phas$1 angltg b(;%
tween signals from sending end and receiving end are compared. In distance rela%s t ?. ratio
vector V and vector I are compared. These are some examples of comparison studied earlier.

Table 39.1
COMPARATORS

| |
AMPIiI TUDE HYBRID PHASE

parator.

R

INPUT Z

[ —

:

39.3. AMPLITUDE COMPARATORS

Amplitude comparator compares the ma,
phase angle between the two (or more) in

Consider two vectors A and B. It com
The comparator receives two in
nitudes, i.e. |A| - |B].

RESTRAIN

2000000

CLILLITR

AUXITARY
cr

Smm—)

INPUTE

Srll +

Multi-input comparators are either single phase or poly-phase
or phase comparison or both. In general case of multi
inputs, the operation is governed by an equation,

S()ll + ISO2| + 'SO3I e >
where left hand side gives total operating inpu

Hybrid type comparator combines the amplitude comparator and phase comparator,

lSrz +.

=

Fig. 39.1. Amplitude comparator circulating current circuit with two inputs.

, can employ either amplitude

ple operating inputs and multiple restraining

t and right hand side gives total restraining input.

gnitude of the two (or more) input,'quantities. The

The function of amplitude comparator is illustrated in Fig. 39.2.

Symbol |A| denotes the magnitude of complex function A,

puts is not recognised or noticed by the amplitude com-

pares the magnitude of these inputs i.e., |A| and | B].
puts and gives output is the algebraic difference between mag-

The output |A| - | B| of tor is : A B B
S i D
GRATION DIRECT — INTEGRATTON. ositive if > v
PIRECT — INTE Negative if |A] <|B| AMPLITUDE AMPLITUDE
l l Zero if |A| = |B| COMPARATOR COMPARATOR
DIRECT INTEGRATION 5 In some cases the comparator compares l4] - B lal /Bl
Comparator is a part of relays which receives two or more inputs to be compared and gives the two magnitudes by ‘Ratio’. The output of
output based on their comparison. arator the comparator |A l /|B|is: ouTeuT ouTePyT
Comparators can be broadly classified as — (1) Amplitude comparator (2) Phase compara greater than 1 if [A| > |B| |A|-[B| l4] / [B]
(3) Hybrid comparator. . . : i - less than 1 if IAI < lB, Fig. 39.2. Function of amplitude comparators.
Comparators are either direct (instantaneous) type or integrating type. In integrating type com zero 4] =0, g clion of amp o

parator the output of the comparator is integrated with respect to time. (Ref. Table 39.1.).
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The amplitude comparators are
genérally in the form of :

Rectifier Bridge Comparators. The
input quantities to static relays is either in
the form of sinusoidal current derived from
main CT or sinusoidal voltage derived from
PT. CT or PT give analogous output, faithful
to the main circuit quantity.

SWITCHGEAR AND PROTECTIO

1 o

O
O

Q

OUTPUT OF
COMPARATOR

-0

Each input quantity is given to one full-
wave rectifier bridge.

TN r[:]
L...._.v—_..-d
SMOOTHING
CIRCUIT

e Tk

o1

Two full-wave rectifier bridges are con-
nected in opposition and the output relay is
connected in parallel to the two rectifier
bridges. The output of the rectifier bridge
comparator is received by the output stage
continuously.

FULL WAVE
RECTIFIER

BRIDGE -1
TOTY IO

¥,
L] h{f& 7

Fig. 39.3. Amplitude comparator formed by rectifier bridges.

FULL WAVE
"RECTFIER
8RIDGE-1I

[ 151-1%1 |
}

Mol
Fig. 38.3 (a) illustrates the configura-
tion and Fig. 39.3 (b) illustrates the
waveforms. The output stage receives con-

tinuously a direct current equivalent to |I7| — |I5].

The output stage is rectifier bridge comparators can have one of the following devices :
— Permanent Magnet Moving Cost Relay

—- Sensitive Polarised Relay

— Static Integrator.

When |1, | - |I5]| exceeds the threshold value, the stage acts and the relay picks-up.

39.4. PHASE COMPARATORS

Phase comparators compare the two (or more) input quantities vectorially. The phase com-
parators recognised the vector (both magnitude/phase) relationship between the inputs. A vector
A has magnitude |A| and phase angle say, o. There are two kinds of phase comparators.

({).Phase comparator which recognises only phase angle between input waveforms.

If ¢ is phase angle between vector A and E, the output of phase comparator depends on angle
¢ and the relay responds to the phase angle ¢ between the two inputs.

(i) Phase comparator which recognises the vector product (or division) between two (or more)
input quantities.

Thus a phase comparator has output A, B or A/B.

39.5. PHASE COMPARATOR BASED ON RECTANGULAR (OR SQUARED) PULSES

Ref. Fig. 39.4. Suppose the sinusoidal analogous input waveforms A and B are converted into
rectangular waveforms [A] and [B] before feeding to Phase Comparator.

The magnitude of the input waveform may be disregarded and the comparator recognises only
phase angle ¢ in this type of phase comparator.

39.6

The rectangular waveform [A] is in phase with sinusoidal waveform A. Similarly [B]
with B.

The comparator receives the rectangular waveforms [A] and [B]. The resultant waveforms of
[A] + [B] and [A] - [B] are illustrated in Fig. 39.4 (¢) and (d)

in phase

OMPARATORS AND LEVEL DETECTORS

The vector
(e,) given by,
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DTN
[/h@‘/ Y\

1
() Input waveforms (Analogue) at phase angle ¢ =90°,
o I

- ¢ =

(b) Converted into equivalent rectangular waveforms.

\

N

|
[8]]

N

[[A)+

(c) Pulses of [A] + [B]

\

7

{tA1-[B1]

[}

\ t —

(d) Pulses of |[A] - [B]| for ¢ = 90°,
Fig. 39.4. Use of rectangular inputs in phase comparators.

For, =0 [{AI+(B]] = | [A] - [B]|
¢ <90° [{AI+[B]] > | [A] ~ [B]]
o >90° [{Al+[B]] < |[A] - [B]].

Thus, if the comparator circuit is arranged to measure the difference
[{A]l + (Bl - |[A] - [B]|;

the phase angle between A and B can be predicted.
The output of the phase comparator is in terms of magnitude.

’ The other possibilities of phase comparators adopting other techni
inputs, coincidance circuits) a

logic circuits and are useful in modern relays.

ques (such as phase split

re described later. Such comparators can bed readily adopted with

- PHASE COMPARATORS BASED ON VECTOR PRODUCT DEVICES

product devices (such as Hall Effect Generator Ref. Sec, 38.12

). Have an output
say, »

e,=ABsin ¢

Where A = r.m.s. value of input 1,

B =r.m.s, value of input 2 .
¢ = phase angle between 1, 2.
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This phase comparator is basically analogue device and cannot be readily adopted in logic cir-
cuits.

39.7. DIRECT (INSTANTANEOUS) AND INTEGRATING TYPE COMPARATORS

Comparators (Phase or Amplitude) can be either Direct Type of Integrating Type.

In Direct Comparator the ‘period’ or ‘time’ of comparison is not ?ecogmsed. Hence time aspect
is not international. (The comparator may have inherent response time).

The output of comparator corresponds to the comparison of inputs at every instant.

i i ntity (generally output) of the comparator is integrated
withh;égéiiatt;ngl;}ge\;izgaif}?etofr;tt:gerg;le%i ou{égt reach};s apthresh(ﬂd value the output device
operates.

Ref. Fig. 39.5. Two rectangular equivalent inputs are given to comparator. Comparator output
[(A) — (B)] is given to integrator.
INPUT ouTPUT

—_— ) . THRESHOLD
o OR ::_i WVALUE (See Fig. b)
%— A_v_a_v -
Ao———————3

S ouTPUT
INTEGRATOR DEVICE

COMPARATOR|

3

(@) Function of integrator.

T C L

| ) |

| | EINPUIT o INTEGRATOR
!

A | ;——-‘-—f————i—ﬁ——'r
1

IrhRESHOLD | 1 [ 1
llVALUE | :

ouTPUT
OUTPUT OF INTEGRATOR DEVICE

OPERATES

(b) Details of waveform of integrator input and cutput.
Fig. 39.5. Integrating Comparator.

(Ref. Sec. 38.24). The integrator generally has a capacitor which gets charged‘ as showr.l in Fig.
39.5 (b). The voltage across the capacitor increases with positive pulse and its duratlor.l ‘and
decreases with negative pulse and duration. The settings are such tha.t under normal condltlops
in main circuit, the positive pulses and negative pulses received by tbe integrator are sugh that its
output does not reach the threshold value. Hence output relay remains open. When the integrator
output reaches threshold value, the output device operates. . .

In Fig. 39.5, square inputs are illustrated. In some other comparators, input are be sinusoidal
or triangular,

39.8. INTEGRATING AMPLITUDE COMPARATOR

Fig. 39.6 illustrates the integrating type of amplitude comparator.

The two sinusoidal inputs A and B are given to the input of ‘compargtor (a). The output
"-|A - B| waveform (b) is supplied to the shaper. The shaper converts into equivalent square pulses

tegrator is gi
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4
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Lodowus B
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J, \»
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&
(e) K AT AT AT }j [ r‘“", mf_,
+t =t
4 4} o
ol
ol

D

Fig. 39.6.

(c). These pulses are given to integrator. The integrator output depends upon duration and mag-
nitude of

When A < B, the level detector does not give any output [I-e].
When A > B, the level detector gives output [II-e] and trip current flows.

39.9. CPERATING TIME

Suppose A =B as shown in Fig. 39.6-1, before fault in main circuit (not shown). At ¢ =0, fault
develops in main circuit and A > B (Fig. 39.6-II). The time required for trip current to start flowing
is indicated in Fig. 39.6-11 f by t,. It is the time required by integrator to charge its capacitor. It is
of the order of 5 ms. Further time of about 2 ms is required for operation of output stage. Hence
the relay time can be minimised to 10 ms + 3, i.e. -;— cycle.

39.10. COINCIDENCE TECHNIQUES IN PHASE COMPARATORS

Fig. 39.7 illustrates the principle of a phase comparator based on coincidence of sinusoidal in-
puts, Coincidence denotes overlapping of the two signals. Referring to Fig. 39.7 (@), the sinusoidal
inputs A and B overlap during the period ¢. The hatched portion in Fig. (@) indicates coincidence.
The coincidence circuit has output during this period ¢. This output is converted into squares in
the squaring circuit. The output of squaring circuit is supplied to integrator. The output of the in-
ven to level detector with setting L. The pulse are integrated in integrator. When the
output of integrator Fig. 39.7 (c) exceeds level detector setting L, the level detector gives signal to
output stage. The thyristor in output stage is thereby triggered.
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when both the rectangular block and the spike coincide.

COINCIDANCE
CIRCUIT

SQUARING
CIRCUIT

|

!

! - g Ny

1 (@) oUTPUT oF c¢uvcf/£mmc&I CIRCUIT
! |
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The spikes and blocks are supplied to an AND gate [Fig. 39.8 (¢)]. The AND gates gives output

9.12. PHASE COMPARATOR WITH PHASE SPLITTING TECHNIQUE

Fig. 39.9 illustrates this method in which both the inputs A and B are split into two components
,A and B, B £45°, Thus totally four input signals are received by the comparator. The comparator
s an AND gate which gives output when all the four inputs are simultaneously positive or negative.

A B
—@ﬁ%—‘ —000-

39.11. SPIKES AND BLOCK COINCIDENCE TECHNIQUE IN PHASE COMPARATOR

‘ By
L o S , 7 ' -7
TRIPPING l/NTEGRATOR, ¢
PULSES
l —e— BLOCKING - A45 Bus
i 1l PULSES LEVEL A Ala5° B B/45°
'thy ourpuz" OF 5QUARING cikcurr DETECTOR
| |
{
Output of integrator touches. ];L_;C'Z_;_P ’a
Level [, when p = 90 (balance) ‘ TRIP l COINCIDANCE . P4 COMPARATOR
ip oc =90°, A,Al45°, B,B[45 ’
Tip oceurs for ¢ =90 () UTPUT OF INTEGRATOR L2 pgaS/T/l;EL AND
Fig. 39.7. Phase comparator based on coincidence of sine inputs.
If period ¢ of coincidence between A and B is
(i) less than 90°, relay does not operate as the output of integrator always remains below L. A 1
(i) more than 90°, relay operates as the output of the integrator exceeds L. TRIGGER

Ref. Fig. 39.8. Inputs A and B are sinusoidal. Input A is converted into a spike in a pulsing

device. Input B is converted into rectangular blocks in squaring circuit. The converted pulses are
shown in Fig. 39.8 (). ‘

_ the condition,

90° > ¢ < - 90°

39.13. HYBRID COMPARATOR

CIRCUIT |

9
K
<
2
v
[y

_ (mixed version) of amplitude and phase types.

Is given to Amplitude Comparator. The output stage follows,

Ref. Fig. 39.10. The inputs are given to a phase comparator.

Fig. 39.9. Coincidence phase comparator with phase splitting technique.

The coincidence of all four signals is possible when the phase angle ¢ between A and B satisfies

Hybrid comparator compares both magnitude and phase of the input quantities. It is a Hybrid

The output of phase comparator

LEVEL \eouTryT]

(Spike and block not coincident, the output of AND is zero, relay does not operate)

Fig.’39.8. Coincidence phase comparator with spike and block technique.

COMPARATOR Vo—~" st -

== RECTIFIER

AND i COMPARATOR RECT]
. AMPLITUDE
4 B A} =5 : COMPARATOR | DETECTOR
== . ouTPUT ‘
t— i Fig. 39.10. Hybrid comparator (incorporating phase comparator
) . © and amplitude comparator) used in a distance relay.
' ¢

The static impedance relays which compare V and I are generally hybrid comparators. Variety
of impedance diagrams (rectangular elliptical) etc. are possible with Hybrid Comparators.
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Section II. LEVEL DETECTORS to emitter voltage (negative) should exceed the positive bias. When the base voltage V), reaches

Jevel L determined by the bias, the transistor is turned on. The current i, flows from battery B

through emitter, collector, auxiliary permanent magnet moving coil relay. When base to emitter
voltage Vj is below threshold level (0.6 V silicon transistor) current i, is zero.

39.14. LEVEL DETECTOR

A level detector is a functional circuit in a protective relay which determine the level of itg
inputs with reference to a predetermined setting. Ref. 39.11. When the inputs (I) exceed the leve]

(L) the output (O) of the level detector exceeds and the output stage of the relay gets a triggering

39.16. NPN TRANSISTOR AS LEVEL DETECTOR
signal via an amplifier.

Consider the common emitter connection of a NPN transistor (Fig. 39.13). When base to emitter

LEVEL ltage is negative or less than the threshold value no substantial emitter current can flow. When
: AMPLIFIER UTPUT voitag L

R DETECTOR| o 3 outP the base to emitter voltage is positive and exceeds the threshold value the transistor is turned on,

J_ —{>— ‘-\‘*— current z, flows through collector (and load). I, is of the order of milliamperes.

l AMPL/F/ER R auTPUT
I ——f - TRIP < p :
U |L(Lever) : ﬁ—'\/\/\/v\—}/zux%/[a‘i;
£ ‘ % INPUT I

Fig. 39.11. Explaining level detector (when input exceeds level
L, the output O increases).

o N

o—AMM % NPN

When input (I) is below a certain level, the output is negligibly small.
An Analogue Level detector with operational Amplifier has been described in Sec. 38.15.10.

Some other simple circuits are described here. Vi ..:+‘
39.15. LEVEL DETECTOR BY PNP TRANSISTOR
Referring to Fig. 39.12, the input to level detector V; should have desired level to make the s = [t

- PNP transistor conducting. The base should be negative with respect to emitter. Therefore, base Fig. 39.13. NPN Transistor as level detector.

39.17. SCHMITT TRIGGER WITH OPERATIONAL AMPLIFIER

Ref. Sec 38.24 for application of operational amplifier as a level detector. The circuits shown
in Figs. 38.36 and 38.37 are with negative feedback. (Feedback applied to negative terminal of
operational amplifier) Negative feedback is generally necessary in feedback control systems for

stabilization. However in protective relays negative feedback is generally not necessary and positive
feedback is preferred.

i R, AUXILIARY
€ —> AW RELAY
COLLECTOR

PNP

FMITTER In positive feedback, the output is applied to the positive terminal of the operational amplifier.

Vi ’ When the operational amplifier is turned into ON state, it remains in ON state till the operating
quantity is reduced to below reset level.

o ]lms Ref. Fig. 39.14, since feedback is positive, the output Vj is either equal to + Vee or = Ve

Fig. 39.12 (a). Simple level detector with PNP transistor.
(When Base of PNP transistor gets a negative voltage with respect
to collector, the transistor is turned on).

depending upon the history of the waveform (Hysteresis). Follow the waveform of input in Fig. 39.14
(¢). When input reaches + Vc/2, the output changes its state from + Vg to — Ve and remains
at that level till V; reaches — V¢/2.

Vin , A sinusoidal input V; gives a square wave output Vy Schmitt Trigger can be used as a level
LEVEL ,L- DETERMINED. inpt i
[y anS 0 . detector. When input reaches Ve, the output changes its state.
‘1?_ ey A Vo=Operating A V; Vifor (By=Ry)
R I="—"— T~~~ i -
' e N AN voZtage. 1% _Be V,< Vo2

. : t — ! Vp=Resetting +Vee Ve<Rm xR, cC $oUee
EN |

cf ! » voltage Ry

. _VCC Vs>m cc Vs>—VCC/2

Fig. 39.12 (). Operation of transistor in Fig. 39.12 (a).
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When V; reaches threshold value (High) and is positive, @ is turned ON. Current diverts to
@y @1 is saturated thereby potential of By is dropped below reset value.

Qg stops conducting. Thereby the output voltage V, increases to V.

When V; becomes low (0.6 V for silicon) @, stops conducting and @, starts conducting and driven
_into saturation. The voltage V; gets divided across Ry, Rj, and V|, reduces to low value.

QUESTIONS

1. State the various functional circuits in a static relay with the help of block diagrams. Explain the
function of various blocks.

2. Describe the functions of Amplitude Comparator and Phase Comparator. Explain the difference be-
tween Direct and Integrating type Amplitude Comparators with the aid of illustrated waveforms.

3. Explain the circuit of an integrating type of phase comparator by means of block diagram and
waveforms.

4. Explain the phase comparison technique based on (1) spike and block inputs (2) phase splitting. 11-
lustrate with the help of block diagrams and waveforms.

5. Explain the following :
~ phase splitting technique used in Integrating Type Phase Comparator.
— use of AND gate in phase comparators.

6. Explain the function of Rectifier Bridge comparator used as amplitude comparator.

7. Ilustrate block diagram of an integrating type amplitude comparator having two current inputs
having phase difference ¢.

8. State the function of level detector. Explain the use of Schmitt Trigger circuit as a level Detector.
What is the advantage of positive feedback? '
9. Write short notes on any two : .
1. Schmitt Trigger with Transistors Level Detector.
2. Integrating Type phase comparators.
3. PNP as Level Detector.

4. Schmitt Trigger with Operational Amplifiers as Level Detector.
5. Rectifier Bridge comparator Relay.

ouTPUT
%

1 s

i Vel

Fig. 39.14 (b). Schmitt Trigger with O.A. ) “Fig. 39.14 (c). Waveforms of V; and Vo for Ry = Rs.
39.18. SCHMITT TRIGGER WITH TWO NPN TRANSISTOR

Ref. Fig. 39.15. Transistor @, is normally not-conducting and @, conducting. The potential of
base By of transistor @ is determined by the supply voltage V, and values of resistors Ry, Ry, Rs,.

Because voltage V; across supply and ground gets divided across Ry, Ry, R3 in proportion to their
resistances.
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Fig. 39.15 (b). Waveform of (a).
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Static Overcurrent Relays

Fig. 40.1. Simplified block-diagram of a single actuating quantity.

The secondaries of CT’s are connected to a summation circuit (not shown). The output of the
summation circuit is given to the intermediate current transformer. The output of the current trans-
former is supplied to full wave rectifier bridge. The rectified output is given to measuring element
(level detector). The measuring element determines whether the quantity has reached the threshold

value or not. The measuring element detects the level of the input signal. The measuring element
can be one of the following three types :

Advantages — Single Actuating Quantity Relays, Double Actuating Quantity Relays — Instantaneous

Overcurrent Relays — Timing Circuit — Time Delay Overcurrent Relays — Directional Overcurrent
Relays — Block Diagrams — Summary.

40.1. INTRODUCTION TO STATIC OVERCURRENT RELAYS

The applications of conventional electromagnetic overcurrent relays have been discussqd in Ch,
27. The conventional electromagnetic overcurrent relays are at present commonly used in many
applications. However, static overcurrent relays offer several advantages such as :

— Reduced VA consumption (7 m VA to 100 m VA) as compared with electromagnetic relays

(1000 m VA to 3000 m VA). Therefore the performance of CT under short-circuit condition
is improved. The size of CT core is also reduced. - :

~—— Static relays are compact. The size of a single three phase overcurrent relay may be about
one-fourth of three electromagnetic relays,

— Static overcurrent relay is not affected by vibrations.

— The static relays can have more accurate time-current characteristic, for Ly <1y, Lous =0

— Static overcurrent relays can be of following types. for ' Ly > I, 1,,, = Present
Overcurrent relay without time lag. where, Z;, = Input to measuring unit

Overcurrent relay with time lag.

Directional overcurrent relay with time lag.

The applications of these relays have been discussed in Ch. 27.

The static overcurrent relay has generally the following functional blocks. (Ref. Sec. 391.1)
— input circuit comprising Main CT, auxiliary CT, current setting switch RC Filter.

— rectifier with smoothing circuit (Ref, Ch, 39)

— level detector (Ref. Ch. 39)

— amplifier (Ref. Ch, 38)

— tripping relay (Ref. Ch. 38)

In overcurrent time delay relays a time delay circuit is added between the rectifier and level
detector to achieve desired time characteristic,

The overcurrent relays without directional feature are as a rule single_ actuating quax}tity
relays. The directional overcurrent relays are as a rule double actuating quantity relays, the direc-
tion of power flow is sensed by sensing the phase angle between current and voltage.

The various functional blocks mentioned above are standardised by the manufacturer. Depend-
ing upon the type of relay, the required functional blocks are connected in the final assembly.

— moving coil permanent magnet relay . — polarised moving iron relay
— static relay

In some cases the output of the rectifier is amplified and fed to electromechanical relay.

The static measuring element comprises d.c. amplifiers with transistors. The amplifier is single
stage, two-stage or three stage and is usually feedback type. The feedback ensures progressive rise
of output power when the input to the measuring unit reaches a certain level.

When input to measuring unit is less than threshold input, the output of the level detector is
zero. For an overcurrent relay,

Ious = Output of measuring unit.
I, = Threshold value of input.

In an actual, relay, I, can be adjusted.

After operation of the measuring element (level detector) the output of the level-detector is
amplified by amplifier. .

The amplified output is
nected in the output stage.

given to the output device. The trip coil of the circuit-breaker is con-

If time-delay is desired, a timing circuit is introduced before the level detector.

Smoothing circuit (Ref, Sec. 34.13) and filters are introduced in the output of the rectifier.
The above mentioned description applies to a static overcurr
if I;;, > Iy, with a set time delay. Static overcurrent relay is mad

transistors, diodes, resistors, capacitors etc. are arran
epoxy resin,

ent relay. The protection operates
e in form of a single unit in which
ged on printed board and are bolted with

40.2. SINGLE ACTUATING QUANTITY RELAYS

A brief description of rectifier relays has been given in Seec, 26.14.

The protective relays at either single actuating quantity relays such as overcurrent, ugder-volt—
age, earth fault relay or double actuating quantity relays such as distance relay, differential relay.
Fig. 40.1 given a simplified block diagram of a single actuating quantity rectified current relay.

40.3. DOUBLE ACTUATING QUANTITY RELAYS (Ref. Sec. 26.14)

In distance relays, differential relays, directional relays, etc. two quantities are fed into the
measuring unit. Fig, 40.2 gives a block diagram of a double actuating quantity rectifier relay.

The outputs of CT/PT are fed.to summ
and fed to comparator. When
_ level detector is initiated.

ation units. The output of summation unit is rectified
the output of comparator increases to a certain value the output of
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COMPARATOR

SUMMATION
FILTER

Fig. 40.2. Block diagram of a double actuating quantity relay.
Level detector and amplifier not shown Refer (Fig. 40.1 above).

In Fig. 40.2, Level d
shown for simplicity,”

Figs. 40.1, and 40
overcurrent relays. The blocks diagrams of compl

Ref. Fig. 40.3. The secondary current of line CT is
generally not suitable for static relay operations. It is higher.

— Auxiliary CT (Ref. 35.15)
— Current detector

— Filter for suppressing harmonics (Ref. sec, 38.31)
— Spike suppressor for protecting static relays from

over-voltage spikes which are harmful to the relay
components, :

The desired current range can be selected by setting the
tap at desired position. The alternating current derived from

auxiliary CT may contain harmonics particularly under
short-circuit condition, The high voltage spikes in the

the input stage of the static relay,

The current rectified in fullwave rectifier and is

rectifier. The output of rectifier is proportional to the r.m.s.
value of input a.c, waveform, ‘

The output of rectifier is supplied to level detector (Ref.
Sec. 39.13 to Sec. 39.16), g

/

In instantaneous overcurrent relay without intentional
time delay. (Ref. Definition in Sec. 25.8) time delay function-
al block is not necessary. In instantaneoy
and then to amplifier (Route 2 Fig. 40.3),

ete relay are given in Fig. sec. 40.8 and 40.9.

s relays, the output of rectifier is given to level detector

769
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n time overcurrent relay, the rectifier output is supplied to level detector (I? ancz) % timing cir-
ait is added in between the level detector (I) and level detector (II). Route 1 Flg. 4' 3.
mt’;‘shz output of level detector is amplified in Amplifier. The output of amplifier is given to output
tage of static relay. The amplifier amplifies the signals from level .dete.ctor.
The output of static overcurrent relay may be any of the following :
— moving coil permanent magnef;lc:g. f1"eéay. 5575,
i i i ith trip coil (Ref. Sec. 38.7.5.). '
;‘—h: };Tll;fltzz;zsceglz;g; is nef:)essary for level detectors, amplifiers output stage of static relay.

In single actuating quantity relay, comparators are generally not necessary.
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40.56. TIME CHARACTERISTIC | |
;4 We will recall that the time characteristic o_f a p.rotectiveroyerzxj;rrferéte 5812?7y4lsF}j);0t§?7é2)w€}?;
operating quantity (current) on x-axis and operating time on y-axis. (Ref. . 274, .

details described in this section may please be re.ferr.ed).

_ The general equation for time characteristic is given by

I't=K

I = Current sensed by relay

k = Constant

t = Time of operation _

n = Characteristic index of relay

v i \ . Let us consider three pos-
CU'QJE)S?QEZ&]}OR‘ In conventional electromagnetlc relays, n can vary from 2 to 8 u nsid h
FILTERS, SPIKE .

SUPPRESSORS Slblhtles on n.

() With

RECTIFIER,
SMOOTHER

AUXILIARY

D.C. SUPBLY The characteristic is a straight line parallel to current axis.

It is known as definite characteristic.
(i1) With n=1
It=K

The characteristic is called inverse characteristic.

TIME CIRCUIT

[

APPLIED CHARGING
: VOLTAGE CHARACC&/‘R/ST/C
. HARACTER
EXTREMELY INVERSE I't=k T ; L ig_ﬁ_:gi_c_)
LEVEL DETECTOR }/NVERESE ook g
: i P\ o S -
| o0y R T
i DEFINITE TIME Itk 5 ! ine veloy
: > ! Duce,toT_/tmmg
o ! INVERSE DEFINITET) ! ircui
M TIME (10M :
L e : ‘ t=0 $=T; TIME ——2~
------ +
—— LEVEL LEVEL
J 5 ‘ DETECTOR () DETECTOR (N)
—;}U*TPUT In LOG T — ACTS Acts. S
Fig. 40.5. Characteristics of time circuit.

Fig. 40.4. Time characteristics of overcurrent relays.
(iti) With n = 8, the characteristic becomes extremely inverse.

i i roximate
Instantaneous characteristic with conventional electromagnetic relfays caél havssaf\i oximate
time of the order of 0.1 second. However in static overcurrent relays instantaneo

relays can be with half cycle or one cycle operating time. (10 to 20 ms).

Fig. 40.3. Block diagram of static
overcurrent relay (1) with time delay.
(2) without time delay block.
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. ‘ ' ! 2 3 4
The general expression for operating time of a time-circuit relays can also be expressed as, RECTIFIER LEVEL TIMING LEVEL
KM . ‘ FROM v DETE;?)TOR CIRCUIT DET(E;IC;TDR -
‘= A ACU%(' Z">_ 1 J‘ TR "AMPLIFIER
| ; | | T 1]
I = Tap current multiplier , ’ i
where I, = Multiple of tap current at which pick-occurs. ; (@) Block Diagram 2 %,J
K = Design constant of the relay. ; ‘ + AMAM A +
M = Time Multiple setting. ; ’ . ’ s <o g0 T
" In the above expression if the relay picks up at tap-current, i.e. I » =1, then 4

420.F ¢ V=£(1-e )
__KM | 2 [ T [
-1 3 B

) (b) Timing circuit of Block 3.
The static overcurrent time relays can have the following typical characteristics : Fig. 40.6. Function of timing circuit in overcurrent time relay.

IDMT standard inverse : : ; » ' (Ref. Fig. 40.5).

Hence time delay given by the time delay circuit is given by the above expression. By varying
values of R, C the time can be varied without difficulties. The basic R, C circuit can be also arranged
in several series parallel combinations to charge equivalent value R and 1.

Vary inverse : : . ~ Non-linear resistors are used to get other time characteristics (Ref. Fig. 40.7).

Extremely inverse : NON LINEAR RESISTOR L

» + + +
The same relay can be given different characteristics by changing its components. i
Ve ve
40.6. TIMING CIRCUIT ; _ T J}
When d.c. em.f. (E) is applied to a capacitor, the voltage across the capacitor (V) does not in- " “o— - To— - N
crease instantaneously. Initially it is zero. The voltage increases exponentially, given by . (@) Timing circuit with non-linear resistor, (b) Timing circuit with diode.
v, :.E (1 e ﬁ) ) . .(40.3) . Fig. 40.7, Some forms of timing circujts.

where E=d.cemf

Instantaneous Characteristic
V. = Voltage across capacitor

The time delay circuit containing C is omitted from the block diagram. Such a circuit would
- RC =1 = Time constant of RC circuit where R is Thevenins equivalent resistance - ‘ gzeiﬁﬁg e?ienh;z:‘l;ig?:go: As there is no moving parts op erating times of the order of 1 cycle can
viewed from capacitance. (Ref. Fig. 40.6) Applications e
£=0, when :.m.f. is applied. Time delay overcurrent relays afe used in overcurrent protection of utility equipfrient, distribu-
V.=E(1-e ") =0 ‘ . tion circuits, protection of generators, motors, transformers etc. Instantaneous overcurrent relays
¢ =7, time constant o , ' are used for short circuit protection of large equipment. :

V,=E (1=} Instantaneous overcurrent relays are also useful in other protective rélay systems. (Ref. Ch. 27).
¢ = —e . : .

e—-1

, e

The charging time from¢t=0at V,=0tot="T, at V, = V, is given by

=K 40.7. DIRECTIONAL OVERCURRENT RELAY

(Please Ref. Sec. 27.11 -Directional overcurrent protection.)

» Directional relay senses direction of power flow by means of phase angle between V and I. When
T, =RC log, [_E_} ..(40.4) this angle exceeds certain predetermined value, the directional relay operates with a condition that

) E-V, _ the current is above in pick-up valie. Hence directional relay is a double actuating quantity relay

Consider timing circuit (Fig. 40.6). When the output of rectifier reaches a threshold value, the (Fig. 40.2) with one input as current I from CT and the other input as voltage V from VT.

level detector () gives output ray E - (at ¢ = 0). Before ¢ = 0, the output of level detector (1) zero and With the electromagnetic directional overcurrent relays, discrimination is affected when voltage
there is no input to timer. As the level detector (2) acts voltage E is applied to timer. The capacitor

. / ¢ ( drops down (under fault condition) for faults very close to the location of VT. With static directional
starts getting charged. The voltage V, increases exponentially. Suppose Vi is the threshold value overcurrent relays, this voltage drop does not cause a problem.
22;231'1;13 eé g;avt:gtg; (4). Time required to reach this voltage depends upon time for charging the ; Because the static comparators used in directional overcurrent relay can be made sensitive to

» ' o ) voltage and static directional overcurrent relays can give reliable performance upto 1% of system
E . . ) -~
Tc =RC loge [m:l (405) Voltage.
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Block Diagram : , ) 40.8. STATIC INSTANTANEOUS A.C. MEASURING RELAYS
Ref. Fig. 40.8. The directional overcurrent relay has two inputs (I and V). The inputs are sup-

plied to phase comparator. A phase shifter is added in voltage input circuit before supplying it to ~ Courtesy : ASEA, Sweden.

phase comparator to achieve maximum output of phase comparators under phase faults/earth fault (A) General
condition,

instan-

voltage relay.
current protection of motors, transformers,

Static instantaneous a.c. measuring relays include instantaneous overcurrent relay,
The output of phase comparator is given to level detector and then to amplifier. taneous under-current, instantaneous over-voltage relay and instantaneous under-

. e application include high-set instantaneous over-
If time delay is necessary, a timer is added in the block diagram. g:aderls),pdistribution lines; Ender-voltage protection of busbars feeding several motors, etc. Instan-
LINE CT ~ taneous protection is provided where time-lag is not desirable and differential protection is not jus-
rouT _tified economically. Static instantaneous a.c. relays have the following important features :
l @ — Measuring circuits built-up of static components.
INPUT 1 INPUT v — Setting of maximum and minimum values (over/under) in the same relay.
AUX, CT, PHASE SHIFT ' ‘ — Wide scale range, with ratio 1 : 3
SELECTOR AUX. VT ' — Stepless setting of operating values
— High resetting ratio.
‘ 2 95% for maximum operation
'comi%%/e — 2 105% for minimum operation
1/ Veosg — Low power consumption, current relay : 0.3 m VA
Voltage relay : 20 m VA
‘ ‘ — Standard current relay completely insensitive to d.c. components.
T

 — High resistance of shocks and vibrations d
DETECTOR,
AMPLIFIER

LINE VT

AUXILIARY
D.C. %UPPLY

ue to absence of moving parts.
— Augxiliary voltage stabilization provided with the relay.
— Compact,

(B) Principle of Operation
The block-diagram Fig. 40.9 explains the functional arrangement in a static current-under-cur-

— jI! A rent relay, The auxiliary-input transformer shown in the figure, i
' ~_ main current transformer (not shown). The input transformer h

ouTPUT

Fig. 40.8. Simplified block diagram of static directional overcurrent relay.

Directional Units for Directional Overcurrent Relays

, Resistor ratio box is provided internally. .
The choice of directional unit depends upon the type of comparator. (Ref. Ch. 39). The com- ‘
parator used in directional overcurrent relay may be one of the following : : r’-w; ''''''''''''''''' :E-V;-_‘—'—~~-—---~-~;—-—-—-—P
1. Hall Effect generator (Ref. Sec. 38.12). ; D lrewsrormes| | recricien oerecror | | amouicien weia” '
2. Rectifier bridge comparator (Ref. Sec. 38.12, 39.2), ; »-l_ ] [ - J— D W H
3. Instantaneous coincidence comparator (Ref. Sec. 39.9). ‘ ' ; L II
4. Integrating coincidence phase comparator (Ref, Sec. 39.10). l l
Block Diagram Development : , ] P YT i
. . T : DEVKICE VOLTAGE !
With the earlier background we can develop the Block Diagram for the following. It will be an i : At wise ,l
interesting and useful exercise. ‘ » A - .'§ -i;ﬁ— —Jgq— lfﬁr
Example 40.1. Develop Block Diagrams of following relays indicating t@e fynctiqr?al l?locl?s { STABILIZER |
from input to output stages. Describe the function of each block and the basic principle of its circuit. e T T ]
Indicate the auxiliary d.c. supply, line CT a)'zd VI ‘ ' Fig. 40.9. Block diagram of static instantaneous
1. Static overcurrent relay overcurrent/under-current relay.
2. Static overcurrent timé delay relay. ;

3. Static directional overcurrent relayWithout time delay.

The rectified input is compared with a quantity derived from stabilized auxiliary reference volt-
4. Static directional overcurrent relay with time delay.

_ age. The difference is fed to the level detector. When the input quantity reaches a certain threshold

__ ¢ondition, the level detector detects the condition and gives output. The same is amplified so as to
The student may compare his block diagrams with some of the following diagrams. ; Oper aﬁe the auxiliary relay in the output stage.




(C) Technical Data on Static Instantaneous Current Relay and
. Instantaneous Voltage Relay

~- Maximum voltage between line 500 V a.c.
— Rated frequency : 50 to 60 Hz

— Power consumption at lowest setting ~,
Current relay : Measuring circuit : 7 m VA to 100 mVA auxiliary voltage circuit : 2 to 4 W
Voltage relay : Measuring circuit : 20 m VA auxiliary voltage circuit : 2 to 4 W
— Temperatures permitted : - 5°C to + 50°C

— Impules test ; according to BEAMA 219

— Power frequency test : 2000 V, 50 Hz, 1 sec.

— Operating time : 30 to 55 m sec.

40.9. STATIC TIME-LAG OVER-CURRENT RELAYS

(A) Applications

Static over-current time-lag relays can be used for
short circuit protection of generators, transformers,
motors and also in simple supply networks at medium-
distribution voltages. When combined with directional
relays the over-current relays can be used for directional
overcurrent protection of simple inter-connected systems.
They can also be used as starting elements, in conjunc-
tion with longitudinal differential relays for protection of
lines, The designs, include both inverse time-lag and in-
dependent time lag design, for use in single phase of
three phase systems.

(B) Design and Principle of Operation
[Courtesy : ASEA, Sweden]

The block diagram (Fig. 40.11) explains the circuit of
a time-lag overcurrent relay developed and marketed by
ASEA, Sweden. The applications of the relay are men-
tioned above. The relay has a built-in input current-
transformer with several taps on secondary. Current
setting can be obtained by selecting the tap.

From the switch for setting the operating current, a !
voltage connection is taken across resistor. The voltage
is rectified, smoothed and compared with reference volt-
age. When the former voltage exceeds the reference volt- e
age, the starting relay picks-up. At the same time, the Fig. 40.10. Time-lag-over current relay.
RC circuit starts charging up.

' The method of chai'ging depends upon the type of relay. The charging in case of independent
time lag relay is done from stabilized voltage. For a relay with inverse time lag characteristics, the
charging is done by voltage proportional to current,

The inverse characteristics, in case of inverse-time-lag relays are obtained through combination
of zener diodes, resistor employed in RC circuits. '

When the capacitor in RC circuit charges up to a certain voltage level, the tripping relay pick-
up. :

‘In three phase design, the measuring circuit acquires voltage proportional to the largest of the
three-currents. \
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STABI- TIME
LIZING SETTING
AUXILARY VOLTAGE SUPPLY
INPUT CURRENT RECTIFIER] RECTIFIER LEVEL TIME LEVEL TRIPPING
SETTING [ DETECTOR| CIRCUIT DETECTOR| AMPLIFIER RELAY
TRANS- -
FORMER
INSTANTANE LEVEL
-0Us DETECTOR]
SETTING
]
AMPLIFIER STARTING

Fig. 40.11. Block diagram of static-time lag-overcurrent relay.
. [Courtesy : ASEA, Sweden.]
Instantaneous operation is obtained through part of the voltage rectified from the transformer, .
being compared with reference voltage and when the latter is exceeded, an operational impulse is
given to the tripping relay. Inductor flags are provided for both starting and tripping relays and
are actuated by armature on corresponding output relay. o

(C) Current Setting

The current setting is selected by turning a knob in the front of the relays thereby selecting
the tap on secondary of input transformer. Typical example : Current scale for current setting
graduated at 0.5, 0.6, 0.75, 1, 1.25, 1.5, 2, which multiplied by scale constant 1, 2, 4 or 8 A gives
four current ranges 0.5 — 2,1 — 4,2 — 8,4 — 16 A.

(D) Time Setting

The knob for time setting gives time multipliers. Thus if the time required from the graph or

table is say 4 seconds for time multiplier of 1, then time will be 0.8 x 4 = 3.2 seconds for time setting
of0.8. '

(E) Instantaneous Operation v
- Instantaneous operation is independent of d.c. component in short circuit current.
' (F) Starting Operation
The contacts of starting relay can be utilized for :
Instantaneous tripping following by high speed auto-reclosure and delayed tripping.
Blocking of other relays in the event of overcurrents. :
Blocking protection of radial fed busbars, transformers, cables. .
- Operating counters for recording number of faults which have not led to tripping.
Actuating separate i‘ndicéting devices.
(G) Maintenance ‘

Under normal condition, the relay requires no special maintenance. Burnt contacts on output
relay should be carefully dressed with diamond file or extremely fine file.
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Abbreviations
U -=D.C. voltage
U. = AC. voltage
U, = Rated voltage
I = Set current
I = Current supplied to the relay
o = Characteristic angle of the relay
¢ = Angle between current and voltage to the relay

B = Angle between the phase voltage to which the current is related and that voltage
supplied to the relay. .

®r = Angle between current and voltage to the relay at short-circuits.
P.F. = Power factor

P = Active power
; @ = Reactive power.
‘ Fuhctional Circuit of a Directional Relay

Characteristics

The basic relay types offer variety of characteristics mentioned below :

— Extremely Inverse : BS 142 ; 1966
— Very Inverse : ”
— Normally Inverse :
~— Independent time lag : 0.2 — 2 s,
— Independent time lag : 0.6 — 6 s.
Voltage Ratings ,
Auxiliary d.c. voltages for various types : 24 V, 36, 48-55, 110, 125, 220, 250 V d.c.
Current Ratings '
1 A in scale 0.2 02A
2Ainscalel —4 A
5Ainscale2 — 8 A
Frequency : 50-60 Hz.,

Some Technical Data

»

The relay mainly comprised one current and one voltage transformer, a potentiometer, a con-
verter, a smoothing circuit, a level detector with an amplifier and an electro-magnetic output relay,
see Fig. 40.12. The current and voltage transformers, the potentiometer and the output relay are
mounted individually, whilst the other components are on a printed-circuit board. The components
together form a plug-in unit which occupies four relay seats in the plug-in system. The characteristic
angles — 30° and — 90° are obtained by a capacitor in the voltage circuit, the angle + 65° being ob-

Instantaneous operation, time ; 50ms.
Starting operation, time : 20 ms.
Overshoot time : < 60 ms.

Power Consumption of Measuring Circuit

: tained by a capacitor in both the voltage and the current circuit.
Rated current . : Power consump fion at rated current As is apparent from Fig. 40.12 the current and voltage are fed via a phase shifting capacitor
1A 0.02 — 0.07 VA and transformers to a converter. The converter consists of two rectifier bridges and a resistor across
2 ‘ 0.03 — 0.0 VA which an average voltage value is extracted and supplied to the smoothing capacitor and the level
’ : detector. ‘
5 0.05 —0.13 VA

The rectifier bridges are connected to the voltage transformer and the current transformer in
_ such a manner that they pass conductive alternatively. In this way, a current is allowed to form
the centre tapping of the current transformer through the resistor and rectifier bridge which is
conductive at the time. ‘

40.10. STATIC DIRECTIONAL RELAY

[Courtesy : ASEA, Sweden)
(A) General

Directional relay is double actuating quantity relay and senses phase angle between the two ; U~ i E AUXILARY
actuating quantities. — "t — ][ @ - % —
Let the phase angle between the current and voltage supplied to the relay be ¢ whilst the char- E PHASE | | VOLTAGE ' sermno | | s | VOTTAGE U=
acteristic angle be o. When ¢ is equal to o, the relay has maximum sensitivity. This means that A v pRVICE HENe
the relay operates when the supplied current [ is as large as the set value I, on the scale. For other ' Cme '
values of I the relay operates when I, cos (0 - o) > I, The angles are used in the formula with' their
signs and accordingly the angle ¢ is then negative for a capacitive phase displacement.
In three-phase systems, the operation of the relay is also determined by an angle B which is ‘ it '
that angle bgtween the phase voltage to which the current is related and that voltage supplied to ~ - ' E : ( o
the relay. Since the angle is positive when the current lags the phase voltage, the relay operates ] 1 {Sos37] . N J— - > W— ——
when I cos (¢ — o+ B) 2 I,. » ‘ ][ ] IRl |
When the relay is connected for 60° and 90° angles of phase displacement connection will mean | T,i%g;‘?; T [N E " E oerecr.| | Mew | | Ge
that cos (¢ 0.+ B) = 1 when the angle = 60° or 90°, the relay thus obtaining maximum sensitivity. L 9'15:3?35_! - "CATION.
The reactive power @ has a phase-displacement of 90° in relationship to the active power P. It ' Fig. 40.12. Block diagram of a static directional relay.

leads P when the phase displacement is inductive and is, therefore, positive. ' ‘ : [Courtesy : ASEA, Sweden )
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When ¢ = o at the current flows through the resistor in the same direction the whole time and

the average value of the Voltage across the resistor, which is proportional to I cos (¢ ~ ), thus

provides maximum sensitivity, i.e. the relay operates for a current of the same value as the set
value I, A

The larger the difference between ¢ and o the smaller the average value of the voltage through
the resistance will be at a constant current I. For a 0° difference, the average value will be zerg
irrespective of the value of the current.

The voltage over the resistor is smoothed fed to a transistorized level detector provided with
an amplifier. By increasing the time constant in the smoothing circuit, it is possible to obtain a
delayed operation with an inverse characteristic. The auxiliary voltage for the level detector and
thus the operating value of the relay set by means of a potentiometer at the front of the relay,

When operating, the amplifier feeds a voltage to the output relay which pick up, the indicating flag
then becomes visible.

Summary

Static overcurrent relays have less burden compared electromagnet relays. They are compact
and can give wide range of characteristics.

Basic static overcurrent relay has following functional blocks :
Input, Rectifier, Level detector, Amplifier, Output (Tripping)
In case of time lag overcurrent relay, an additional T1me Delay Block 1s necessary.

Directional overcurrent relay, is basically double actuating quantity relay. It receives current
input from CT and voltage input from VT, The rectified inputs are supplied to comparator. The
comparator output is given to integrator or time delay circuit. The dlrectlonal overcurrent relay
can be instantaneous type of integrating type. .

Static overcurrent relay circuit comprises the required functional blocks. '

QUESTIONS
1. With the help of neat block diagram, explain the functioning of a statlc overcurrent relay without
time delay. Explain function of each block:
2. Describe the circuit of a Directional Overcurrent Relay. Explam with the help of waveforms and block
diagrams the use of integrating type coincidénce phase comparator for directional overcurrent relay.
3. (a) Explain the principle of RC time delay circuit.

Describe the use of such tlme delay circuit in a overcurrent time delay relay with the help of block

diagram.
(b) Explain the terms Inverse IDMT, Instantaneous overcurrent characteristics.

4. In a static relay, when the level detector operates, a voltage of 100 V DC applied across RC circuit
having R'= 12 kQ, C =1 pF. Calculate time taken for the voltage across capac1tor to reach threshold
value of 60 V after operation of the level-detector.

(Hint. Ref. Eqn. 39.5)

5. With the help of neat block diagram, explain the functioning of static evercurrent directional time :

delay relay.
6. Write short notes on any three :

— Directional overcurrent relay
. — Instantaneous overcurrent relay.

— Time delay circuits in static relay
— Time characteristics of static relays

7. Write short note on merits of statlc overcurrent relay compared with electromagnetic overcurrent ;

relay

-rush currents. This principle is applicable

41

Static Differential Protection
of Power Transformers

Introduction — Merits — Differential Protection of two winding Transformers — Three Winding
Transformer — Inrush Proof Quantities — Technical Data — Summary

41.1. INTRODUCTION

The principle of differential protection was described in Ch. 28. Their application to protection
of power transformer generator and station bus was covered in Ch. 32, 33 and 34. We will recall
that the differential protection responds to vector difference between two or more similar electrical
quantities. In differential protection, current
transformer secondaries are connected in ﬂﬂ[’_____,l comparaTor  |d— Tl
such a way that under internal fault condi- .
tion, the out of balance secondary current
flows through the operating coil of the relay.
‘Bias’or ‘Restraint’ is provided to prevent
maloperation during external faults and in-

v VECTOR DIFFERANCE
-

AMPLIFIER

even for static differential relays. In static
differential relays the two (or more) similar
input quantities are compared in static com-
parators, usually the rectifier bridge com-
parators. This gives wider flexibility in relay TRIP DEVICE
design regarding characteristic and range.

This differential relay measures the vec- s TRIP COIL
tor difference between two similar electrical

quantities say voltage/voltage or cur-
rent/current.

Fig. 41.1. Static differential relays principle.
(Simplified block diagram)

Rectifier bridge comparator can be used

conveniently in static differential relay. Block diagram is such a relay is given in Fig. 41.1.

Merits of Static Differential Protection
{Courtesy : Brown Boveri, Switzerland)

— Three phase relay set with small dimensions.

— Absolute stability for heavy through faults, hence ideally preferred for large transformers,
generators, -

— High sensitivity for internal fau'ts. '
— Extremely short tripping times regardless of magnitude of auxiliary voltage (e.g. 20-50 ms).

— Accurate and absolutely stable tripping characteristic even for asymmetrical faults as each
phase can have its own relay.

— Inrush-proof, even during high-starting currents, inrush currents.
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— Low consumption (VA burden on CT’s , VT’s)
— Easy selection of auxiliary voltage.
Applications

~— Protection of generators.

— Protection of generators-transformer units.
— Protection of two winding transformers.

— Protection of three winding transformers.
For

— Two and three phase faults.

— Earth faults in transformers with solidly grounded neutral or low resistance grounded
neutral.

— Earth faults in generators with solidly grounded neutral or low resistance grounded neutral,
— Inter-turn faults.

41.2. DIFFERENTIAL PROTECTION OF TWO-WINDING TRANSFORMER
(Please Ref. Sec. 28.3, 32.5, 33.3)

Refer Fig. 41.2, which illustrates static differential protection of a two winding power trans-
former.

The differential relay is connécted to
the current transformers on either sides of

A,
_—.
the object (generator/transformer) to be l :
—

|

protected. The incoming and outgoing cur-
rents are compared by the differential cir-
cultt,

When there is an internal fault in the
protected zone, the differential current
(I4) increases. When the differential cur-

rent (I;) exceeds the picking level (usually
0.5 Iy) the relay operates.

D
b,
I =" L
ELO RO

I, = Operating (differential current)

L+
The pick-up value depends on ratio of [—1% = Restraining current
differential current (I;) and through cur-

= Tripping Relay )
Wq = Auxiliary CT for operating current I,
W}, = Auxiliary CT for restraining current (I 1+15)/2.

A = Rectifier for forward (operating) current
H = Rectifier for restraining current,.

2

compensated to take care of through fault
currents.

I 1+ I 2 , .
rent The relay is thus biaged or

Fig. 4.2. Differential protection of two winding transformer

In static differential relay circuit, an by static differential relay.

auxiliary CT (W) is connected in operat-

ing current (I;) circuit and another auxiliary CT (W) is connected in restraining (bias) circuit. (Ref.
Fig. 41.2) The secondaries of these auxiliary CT’s are connected to rectifier bridge comparator (Ref.
Ch. 39)

The oﬁtput of operating auxiliary CT W, is given to rectifier bridge A, whose output gives for-
ward current to the tripping device Q.

The output of restraining auxiliary CT is given to rectifier bridge H, whose output gives

restraining current to the tripping device . The tripping device receives the forward current which
is a difference of I, and I. '

I=I4-Iy
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here I, = Operating current in forward direction in tripping device.
I4 = Output of rectifier A in the forward direction.
I = Output of rectifier B in reverse directional.
hen I, exceeds the pick-up value, the relay operates.
The tripping relay is generally permanent magnet moving coil relay.

41.3. DIFFERENTIAL PROTECTION OF THREE WINDING TRANSFORMER

The principle of the differential protection of three winding transformer is the same as described

: for two-winding transformers,

To protect three-winding transformer additional components are needed. A reliable differential
measurement is only guaranteed under all possible operating conditions when a separate restraint
circuit is also provided for the third winding. The circuitry is illustrated in Fig. 41.3, and Fig. 41.4.

A
LA [§
Lt
JI W
R N
N ( A T e
N e B ="
1
HK
Iy '
T Transformer protected
Wy Restraining current transformer (Ref. Fig. 41.2)
Wr Additional restraining current transformer
Wg Blocking transformer for stabilisation circuit
W, Differential current transformer

— I, I I Currents during normal service.
-1 I, I3 Currents during fault inside the protected zone.

1, Differential current
Iy ~ Restraining current
HK Restraining circuit.

Fig. 41.3. Principle of measurement of differential protection
for a three winding transformer.
By connecting the two restraint circuits Wy and Wy in parallel on the d.c. side, restraint is

assured in the event of a through fault, even if it flows through the third transformer winding into
the part of the system connected to it. ' ’

The restraining action of two circuits Wy and Wy is equally strong when the through currents
are equal (I; =1, = I), as the circuits are so designed that I H =% (I + I) through Wx produces the
same restraining effect in the relay as Iy =1I3 through Wy. When the currents are different
(y# Iy #I3), restraint in the relay is governed by the highest value, i.e. either I H=% ({1 +1y) or
Iy =13, depending on which is larger. The smaller is not taken into accounts.
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ﬁ

R

220v
+

PPN A s s sy  MTO ]

y 17T

. Restraining current transformer Wy

s

(=Y

z
—0—<¢
1 2. Tripping current transformer Wy
3. Blocking transformer Wy (Air gap transformer)
x: 4. Restraining current rectifier bridge.
6. Blocking current rectifier bridge.
8. Zener’ diode
10. Blocking current limiting diodes.
12. Plug-in blocking element
14. Moving coil-relay-
16. Reset button .
18. Automatic shorting links ,
R, Ry Input terminals of the phase R
" N Neutral of current transformer sets.

b, Difference current rectifier bridge.
7. Resistance for bias setting.
9. Non-linear resistance
11. Diodes
13. Resistance for basic setting
15, Annunciator
17. Tripping contractor .
19. Restraining circuit resistance

Fig.k41.4. Circuit diagram of three-phase differential relay in Fig. 41.3
i ’ (Courtesy : Brown Boveri, Switzerland) '

The circuit diégram of the R phase 'o‘f three phase differential relay is illustraﬁed in Fig. 41.4.
The auxiliary tripping c.t. W A, restraining c.t. Wy and blocking transformer W, correspond to those
shown in Fig. 41.3. . ‘ \

41.4. INRUSH-PROOF QUALITIES. .

When a transformer is switched on; a cuSrent surge is produced which eventually reverts. to
the charging current of the transformer. It énly occurs on the closed side and is therefore ex-
perienced by the relay as a difference current. Difference currents of similar shape but shorter dura-
tion can also be produced in the differential protection of generators by current surges resulting
from momentary différences in the behaviour of the current transformers.

The oscillogram in Fig. 41.5 shows the inrush current with severely distorted waveforms
produced when a transformer is switched on. Analysis of this curve indicates the presence of a large
amount of the second harmonic. To make the relay inrush proof this 2nd harmonic component of
the difference current is employed, in that this current, after resonance amplification is fed to the
moving-coil relay in the blocking direction. The resonance amplification is performed by a filter in

at the maximum fault current experienced. It has proved advantageous in practice to allow for an
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P
AN

50 100 150H,
S SN
Fig. 41.6. Frequency characteristic of harmonic filter
for three magnitudes of inrush current.

the secondary circuit of the blocking transformer W;. (Ref. Fig. 41.3). The frequency characteristics
of the filter are shown in Fig. 41.6 for three different currents.
Since this blocking action is only sensitive to the second harmonic which of course is charac-

teristics for inrush surge of power transformers the relay is certain to distinguish between an inrush
and a short circuit in the protected object. ‘

Ref. Fig. 41.4. The blocking current is diverted through diode 11 so that it does not have to

flow through the resistor 7 used for setting the bias or the rectifier bridge 4 for the restraining
current. By this means the blocking properties are quite independent of the bias.

_ JW\ /ﬂvﬂuﬂvﬂuﬂm -

Fig. 41.5. Oscillogram on inrush current
of transformer.

41.5. REQUIREMENTS TO BE FULFILLED BY THE MAIN CT

Although“the relay, oh account of the restraining action described is fairly insénsitive to C.T.
saturation, the main C,T. used should not reach the saturation point at the connected burden and

overcurrent factor of at least 10. The corresponding C.T. class is 5P10, i.e. between 0.33 and 10
Iy the current error is less than 5% and the angular error less than 300. The C.T. load in this case
consists of all connected loads, such as the leads, auxiliary C.T., the differential relay and any other
elements connected, the consumption being referred to the rated current of the C.T. If the C.T. is
loaded below its rated burden, the overcurrent factor rises in the ratio of the actual load plus C.T.
consumption to the rated output plus C.T. consumption. . ) :

_ On account of the very short tripping time of the relay, allowance has to be made for dynamic-
phenomena in the transformation of the short circuit. It is therefore advisable to make the secon-
dary time constants of the circuits on either side of the relay nearly equal as possible, e.g., by using
auxiliary transformers on either side of the relay. In the case of three-winding transformers or unit-
connected generators and transformer with feeders to the units auxiliaries, C.T. ratios which relate
to very different powers should be avoided. In other words, the ratios of the differential protection
cores of all main C.T. should be based on the same power i.e. the highest.

41.6. AUXILIARY C.T.

These C.T. have to performvarious dutiés, including :

1. Restoration of the phase shift between the currents on the primary and secondary sides of
a power transformer, caused by the connection of the windings. :
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2. Ensuring that when the same power is being carried by the two transformer windings, the
same flows to the relay from both sides and that, at the full power of the winding, the current
flowing to the relay is at least 0.7 times the relay current.

3. Filtration of zero-sequence currents when the transformer neutral is earthed, or in auto-
transformers, For this purpose the auxiliary C.T. shall be connected in star/delta on that side of
the transformer which has its neutral earthed.

4. Auxiliary C.T. should never be employed on only one side. With an asymmetrical arrange-
ment the different transient response of the two circuits in the event of through short circuits can
give rise to considerable difference currents which could cause the extremely rapid relay to operate,

In order to keep the burden on the auxiliary C.T. as small as possible, they should be mounted
as close to the relay as can be permitted.

Apart from individually matched auxiliary c.t., it is also possible to supply universal c.t. which
are suitable for use in the majority of cases. ' '

- Summary
Static differential relays are preferred for protection of large generators and transformers. The
principle is similar to that of conventional differential protection. Additional auxiliary transformers
are used in secondary circuit of main CT’s. The output of operating auxiliary CT and restraining
auxiliary CT is supplied to rectifier bridge comparator. A permanent magnet moving coil relay is
used as tripping device.

QUESTIONS
1. Describe the circuit of static differential relay for protection of two winding transformer.
. Describe the circuit of a static differential relay for three winding transformer.,
3. Write short notes on any two :

[

— use of rectifier comparator in static differential protection of two winding transformers
— advantages of static differential protection
— inrush proofing in static differential protection of power transformers.
4. Describe the difficulties in conventional differential protection of power transformers. State the merits
of static protection. Explain clearly the additional features in static protection schemes.

5. Describe the rectifier bridge comparator used in static differential protection of power transformer.

Illustrate the provision of blocking during inrush currents.
6. Explain the requirements of main and auxiliary CT’s (intermediate CT’s) in static differential relays,

Static Distance Relays and Distance
Protection of EHV Lines

Introduction — Static distance relays — Comparator combinations — Voltage comparator — Current
comparator multi-input comparator Elliptical and quadrangular impedance characteristic — Errors
in distance measurement — Performance under power swing conditions — Distance protection of lines
with series capacitors — Parallel lines — Ted line — Distance protection as back-up — Compensation
in distance relays — Setting of distance relays — Static distance relay.

42.1. INTRODUCTION

The principles of distance protection are discussed in Ch. 29 and distance protection of trans-
mission lines is described in section 30-B. The principles of carrier aided distance protection have
been briefly mentioned in sec. 30.14.

This chapter deals with advanced topics in distance protection of HV and EHYV lines with par-
ticulur reference to static distance relays.

The principle of measurement of impedance (distance) is the same in both electromagnetic

relays and static relays (Ref. Sec. 29). However static distance relays offer several advantages.
Merits of Static Distance Relays.
— no moving parts in measuring circuit, hence no effect of vibrations, shocks, dust.
— faster operation 20 ms, 40 ms, 60 ms
— less burden e.g., burden of CT : 0.9 VA to 4.2 VA during normal and short circuit conditions

respectively, Burden on VT : 2.2 to 12 VA during normal and short-curcuit condition respec-
tively. This results in more economical CT’s, VT's and better accuracy.

— comparator with elliptical or quadrangular impedance characteristics on R -X plane can be
used. Such characteristics are not possible by electromagnetic distance relays whose char-
acteristics are limited to sectors of circles on R-X plane.

~— greater adoptability due to large range of adjustments and characteristics.

— Versatile range of relays available for various specific applications.

— better stability under power swing conditions.

— suitable for long heavily loaded lines, cables, even distribution lines.

— cover all types of faults selectively, e.g., single line to ground, line to line, three phase.

— can have distance time step characteristic with four independently adjustable time steps
and impedance zones.

— lower impedance setting possible »
— fast tripping of first step — selector switches for
— under reach and over-reach
— rapid auto-reclosure or delayed reclosure
— programmed auto-reclosure \
— provision of contacts for remote annunciation of kind of fault, step of operation, tripping

— possibility of temporary reversal of measurement direction of second or second and thrid
zones.
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—— compact size (450 x 750 x 200 mm) of a three phase, four step relay and less welghfé (60 kg)
compared with several electromagnetic relays accommodated on a complete separate panel
to perform similar functions. ' . ‘

— No wonder, static distance relays with their several meritfs are rapidly replacing their
electromagnetic competitors. There are two distinct applications of these re%ays. ‘

— medium high voltage (12 kV, 36 kV, 72.5 kV) distribution lines where multistage F11§tance
relays are now replacing usual overcurrent time delay 1Te1ays. By distance schemes it is pos-
sible to have greater selectivity, shorter interruption times, o ‘

— EHYV transmission line (145kV, 245kV, 420 kV) in conjunction with carrier signals, T.he main
advantage of carrier aided distance protection schemes is that only tripping or blocking com-
mand is transmitted over transmission line. Transmission of pure comm'an.d (not derived
from main current) in digital values, provides greater security in transmission to the con-
dition. :

Section 1. COMPARATOR COMBINATIONS IN DISTANCE RELAYS

42.2. VOLTAGE COMPARATOR AND CURRENT COMPARATOR

Vo ; v_
As described earlier, the distance relay compares the ratio T It is set to an impedance 7 =7,

such that for a fault at a certain distance from relay location the relay operates if the impedange
of the line, upto the fault point is less than the above relay setting Z.

The versatile family of distance relays includes impedance relay, React.ance relay, Mho rglay
discussed earlier. The measurement of irnpedance, reactance or admittance is done by comparison
of input combinations of current and voltage. Hence distance relays h.f:wc'a input current and voltage,
In static comparators the two quantities to be compared must be similar, e.g. current/current or
voltage/voltage.

Voltage Comparator

Current [ is converted into equivalent voltage V4 by producing a voltage drop in an inmipedance
. Z. The voltage drop is then compared with other voltage (Fig. 42.1).

O

OUTPUT
TO
INTEGRATOR

5 0]

o Vv 4
Fig. 42.1. Distance relay based on voltage cdmparison principie,

Block Diagram of a Static Distance Relay

A block diagram of a static distance relay is given in Fig. 42.2. The line PT secgndary is con:
nected to auxiliary PT. The output of VT is converted into current. This is compared with the output
of VT.

Let us come back to Fig. 42.1. In voltage comparator, the current is' converFed into voltage by
passing it through impedance Z < 6 which is a replica of the protected }mg sef:tlon on a sesondary
basis. It means the IZ drop given to the rectifier bridge is compared with to line voltage V.

3
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FILTERS
: VOLTAGE STABILIZER
AUXILIARY
cT
FROMCT - = ] IMPEDANCE
] MEASURING UNIT
— STEP TRIP |
— TIMER CIRCUIT
FROM PT | [ l
AUXILARY  CONVERSION l
TO VOLTAGE
/D C. SUPPLY

Fig. 42.2. Distance relay based on current comparison principle.
[Courtesy : Brown Boveri, Switzerland.]

Current Comparator

Alternatively in current comparator, & current is derived from CT and the voltage from VT ig
converted into equivalent current V/Z by connecting a replica impedance (impedance which is a
small scale version of line impedance) in series in VT secondary (Fig. 42.3).

J — 2

| I=Currvent
U=Voltage

. ‘ /
M h=TO THE MOVING

COIL OR ELECTRONIC
l ' RELAY

Fig. 42.3. Distance relay based on current comparison principle.
(Courtesy : Brown Boveri, Switzerland.]

(e

The current is secondary of VT corresponds to V/Z which is compared with 7.

The use of replica (image) impedance permits faster tripping as it eliminates errors due to tran-
sients in fault current. This needs explanation. The transient d.c. component of current passing
through line impedance produces a faithful voltage waveform which is derived from line VT. The
secondary current of line VT (V/Z) has faithful transient. The comparator compares V% and I, both
having identical transient (assuming faithful reproduction). Hence the effect of transient is can-
celled out from Impedance Measurement.

The use of replica impedance reduces the influence of harmonic and transient d.c. components

_ substantially.

The rectifier bridge current comparator (Fig. 42.4) receives two current inputs, say operating

input Ip and resvtraininginput Ip. The output of comparator is applied to a permanent magnet coil

relay or a static level detector.
In distance relays, Ip and Ir may be supplied either by the current transformer by a voltage

transformer through a series impedance (Fig. 42.3) or by both sources in a particular combination
to.obtain particular relay characteristic, ‘ S

(@) Impedance Relay ; ;
Ifrestraining current Iy, is supplied by voltage transformer, and operating current | o is supplied

‘ by current transformer (Ref, Fig. 42.4), the relay operates when the ratio V/7 is less than a certain

value Zy and is therefore a minimum Impedance Relay.
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VOLTAGE LINE
BUSBAR CURRENT TRANSFORMER

; uLT
, i C.B.  TRANSFORMER . IMP%/:,)V!\EAI;CE FA
ulll@—W\TfW —X 0

z
___TRIP

SOURCE ol
IMPEDENGE

SERIES
lo IMPEDANCE

+

MOVING-COIL | g
RELAY

@
i i lay.
Fig. 42.4. Comparator used in an impedance relay
lx(:J[:Colurtesy : A Reyrolle and Co. Ltd., England.]
. » k3 y’ lay
(1) Directional Impedance Re } Ens
If Iy, is supplied by current transformer and also by voltage transformer (I ih Klll . 02‘;)1.&;:
I is supplied by current, transformer and voltage transformer (Ig = K1l — K;V), the relay op
when ‘ «
I 0> I R
Le. K]_I + KQV > Kll — KQV

i i 1
With this characteristic, the relay operates for a particular phase relation between V and ],

restrains for some other. o
In other words the relay has Directional Characteristic.

i i inati i to th
Here directional characteristic has been obtained by a particular combination of inputs to the

comparator. (Ref. Fig. 42.5) through auxiliary mixing transformer.

CIRGUIT: VOLTAGE LINE
ENT :
BUSBAR BREAKER TRANSFORMER TRANSFORMER IMPEDENCE ~ FAULT

SOURCE
IMPEDENCE

MOVING-COIL |
RELAY

®

Fig. 42.5. Comparator used as a directional relay.

. . L W
By use of auxiliary mixing transformer, combinatlon.of inputs, rep}lca 1m¥§dancise, ;l:lrlggnifd 1h0 ;
pedances input to comparators, a variety of characteristics can be achieved. These a ho,

off-set mho, elliptical quadrilateral characteristics.
(#ii) Offset Mho Relay

. . . . tS
Fig. 42.6 illustrates use of comparator as an off-set Mho Relay. The comps;‘sag)g é*sc‘?lzgz lln}?:ve _
through mixing transformer. The circuit i§ desigf{le(z suﬁh th;ltr :;lgﬁ) r‘e/l}e\}li(;p{e;as o8 when ¥ and L
ithin certain limits (Directional feature) and r: =
gha?—?oax;%fr,wilf d;rection of power flow is reversed, the phase angle between I and V changes
n .

ich i  uni harac
then the relay operates when ratio V and I is less than I{Zn,\whlch is less than unity. The ¢

/ A
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» BUSBAR CURRENT VOLTAGE LINE
TRANSFORMER | TRANSFORMER ~ IMPEDENGCE
i :) VWW , X i > ?
, SOURCE R_caB. z
IMPEDENCE TRIP w < FAULT
ColL A
v lo S %
a _
g I
ﬂ. 1 1 MIXING TRANSFORMER
+ RELAY OPERATES WHEN V/i<zy,
J, é J WITH CURRENT REVERSED RELAY
MOVING-COIL |

OPERATES WHEN V/i<Kzy

RELAY ﬁ
ZN IS IMPEDANCE
SETTING OF RELAY

KIS THE PROPORTION OF OFFSET

Fig. 42.6, Comparator used as an offset Mho relay.
[Courtesy : A Reyroll and Co. Ltd., England.]

teristic if such a relay (Fig. 42.7) is called off-se

t Mho’. On R-X plane, it is a circle whose circum-
ference encloses the origin and is slightly offset. » .

LINE-FAULTS IN FORWARD
DIRECTION BEYOND REACH
OF RELAY

LINE-FAULTS IN
FORWARD DIRECTION
WITHIN REACH OF

RELAY

/\ REACTANCE

RESISTANCE
> /

LINE-FAULTS IN REVERSE DIRECTION
WITHIN REACH OF RELAY

Fig. 42.7. Circle characteristic of offset mho relay,
Courtesy : A Reyroll & Co. Ltd., England.

Multi Input Comparators

The basic principles of amplitude and
We studied comparators having two input

Distance relays can be either single phase or ‘polyphase and employ multi

uch multi-input comparators are either integrating or instantaneous type
amplitude or phase or both.

phase comparators were described in Ch. 39. In sec, 42.2,

B

-input comparators.
and compare either
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The locus of the arrow head of vector Z measured by relay traces a curve on R-X plane by
obeying Eq. (42.4).

Obviously the locus will depend on selected values of K, R and Z".

The characteristic of conventional double input comparators is in form of circles or sectors of
circles on R-X plane. Multi-input comparators can have elliptical, conical or quadrilateral charac.
teristic on R-X plane.

Suppose K= Z -Kz (42.5)
42.3. THREE-INPUT AMPLITUDE COMPARATOR ppose, IR s
Fig. 42.8 illustrates a current comparator with three inputs. It is an amplitude comparator. It Substituting in Eqn. (42.4) reduces to :
comprises three rectifier-bridges. | Z-Z |+ | Z-KZ |- | Z -KZ | =0 ..(42.6)
, Z-7Z'=0. '
V1% V-KZ'1 L _ o . _ o _
R R KI Which is a plain impedance characteristic,"Wwith a circle having centre at origin and radius as
~ a <D Z ’ .
§ ’ k ’
“%N , * Relay Suppose k < I_ZR_zI
H
8% Substituting in Eq. (42.4) ;
R a,,% ., %R i : | Z-2 |+ | Z-kZ' | < | Z' -kZ' | | (42.7)
w ' . Kz K1 The impedance characteristic of Eq. (42.7) is illustrated in Fig. 42.9.
S Lﬂw 1/”1)(({:/) p ce characteristic of Eq. ( g

S

;. = === _AUX.CT .
or JO0L _ (OO +X | OPERATING
’ - (INSISS?E’S.';‘P
Fig. 42.8. Current amplitude comparator with three inputs ! SE)

giving characteristic Fig. 42.9. ELLIPSE

N\ Z-(Z-KZ')

The three bridges get the inputs derived from output VT, CT and mixing transformer. The volt
age should be converted into current (Ref. Fig. 42.3). The ultimate characteristic of a particular
bridge comparator will depend upon the combination of input circuits. In the circuit under-con
sideration, the three-inputs are

V-1Z' V-KIZ'
R ° R
where Z and KZ are replica impedances of same phase angle as that of protected line. The
amplitudes currents compared by the bridge are
V-17'| |\V-KIZ
R R
the polarity of the bridge of KI being opposite of the other two.

In balance condition, the comparator output is zero.

v-1z + V-KI7Z'

LOCUS OF POWER SWING

and KI.

Fig. 42.9. Characteristic of three-input comparator with equation 42.7.

It is an ellipse passing through origin of R-X diagram. The first two terms are distance of foci
from the curve and the term on right side is the major diameter.

We will recall that when V/I measured by relay is beyond the charactei‘istic, the relay does
not operate. During power swings, the elliptical characteristic with narrow coverage across R axis
is less liable for tripping than circular into characteristic.

and IKI|,

H

3 R Kl 42.4. HYBRID COMPARATOR
where Z’ is replica impedance in the relay, The hybrid comparator compares amplitude and phase. It is a combination of amplitude com-
K is the constant to be selected. parator and phase comparator.
Dividing by I, and multiplying by R. The hybrid comparators are generally multi-input comparators. The three (or more) inputs are
vV an V_ K7 =KR (42.2) derived from output of CT and VT by means of replica impedances, mixing transformers, auxiliary
I 02" el CT’s and VT’s (Ref. Fig. 42.8 for example)

But V/I is the impedance of line section measured by the distance relay call it Z '
Z-ZH+Z -KZ)=KR
In impedance diagram on R - X plane, Z is the line impedance Y/ measured by relay plotted

as a characteristic. Whereas Z’ is constant replica impedance used in the relay and K and R are
~constants for a particular setting

Z -7 is 0, as seen later in Eqn. 42.6
rewriting Eqn. 42.3, we get

Z-2Y+(Z-KZ)=KR=0
This is a general equation of the three-input distance relay shown in Fig. 42.8.

Two of the inputs are supplied to an amplitude comparator. The output is compared with third
input in a phase comparator. Alternatively, two inputs are phase compared and output is amplitude
compared with third input.

Refer Fig. 42.10. The phase comparator receives sinusoidal input V and squared input IZ’. The
amplitude comparator receives three inputs V, IZ and output of phase comparator [(V, I, Z9)]

The characteristic of Hybrid comparator depends upon the three inputs.

The Fig. 42.10 describes instantaneous relay. There is no integrator in the block diagram.

Example for Practice : Develop a block diagram of a integrating hybrid comparator
V and I input. Describe the functioning of the relay. / o :
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Fig. 42.10. Block diagram of a hybrid comparator used in a
Static Distance Relay (Instantaneous Type)

42.5. FOUR INPUT PHASE COMPARATOR WITH QUADRANGULAR CHARACTERISTIC

~ Ideally, the characteristic of distance relay should overlap the fault area [Fig. 42.1.1(c)]. In cir-
cular characteristic, offered by conventional distance relays, extra area is unnecessarily covered.
This makes the relay vulnerable to operate under power swings. With static relays with four-input
comparators. It is possible to achieve quadrangular (quadrilateral) characteristic [Fig. 42.11 (b)].
The four-inputs requjred for quadrangular characteristics are say,

1Z~V i (Sinusoidal)
IX (i (Pulse)

IR (i, (Sinusoidal)
Vo, (Sinusoidal)

These are given to AND gate -

The interaction between IX and V is eliminated by coriverting one of them into pulseg. The delay
unit ensures that comparison of all into satisfy the AND condition for the period decided by the
delay unit.

INPUT

1Z-v TIME RELAY
~ O & &
A X O——

A 4
v

~RO— T )— v M/W:f :D-"

X ", (6-1) Block-Diagram.  +x EAULT AREA
2y
z
RELAY
CHARACTERISTIC
0 t R o ——=J +R
Reo

(b-2) Quadrangular Characteristic

(@) Z;, = Line Impedance .
(b) Four-input phase comparator

Ry =Fault Resistance
Fault Area on R-X plane

Fig. 42.11,
42.6. ERRORS IN DISTANCE MEASUREMENT

Distance measurement is affected adversely By the following :
— fault resistance (Ref. Sec. 29.3)
— power swings, hunting

;— double circuit lines

— bilateral infeed in the I;rotected line
— series capacitors for compensation
— Teed lines

’
/

IS symmetrical, the equalizing currents flow equally

|
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These problems and their solutions will be discussed in this section.
Distance Medsurement : Impedance as seen by the Distance Relay,

~ 42.7. INFLUENCE OF POWER SWINGS ON DISTANCE PROTECTION

42.7.1. Power Swings, What are they ?

As we know, a sudden change in the load of a synchronous generator or motor cause oscillations
of the power angle about its new equilibrium position, a similar phenomenon occurs in the power
transmission through line interconnecting two sources when subjected to a sudden change in the

_ load transfer.

The power transferred through an interconnecting line is given by
E, . E5sin 5

d X

_where P power transfer in watts

E1,E;  internal voltages of synchronous machines at sending end and receiving end
8  phase angle between Ky, E,.

Ref. sec. 44.2 ; the sudden change in loading causes a sudden change in angle 8. Then vectors

_ Ey, E, the oscillate between their new equilibrium positions. Thereby, the current vectors at send-

ing end and receiving end also oscillate between their new equilibrium positions. Thus the oscilla-
tions are set-up in the voltage and current at sending end and receiving end.

~ The power transferred through the transmission line is given by
P=Vi91;9cos 0
V1g vector difference between sending end voltage and receiving end voltage.
119 current transferred through the line
8 phase angle between Vlz, 1o
P will be positive at sending end and negative af; receiving end.
As the load suddenly changes, vectors Ey, E5 and vectors V7, V; oscillate, vector V1o and I15
also oscillate about their respective final equilibrium positions.
This produces power swings which lead to flow of heavy equalizing currents I 12 between the
two ends. Such power swings are more severe when a sudden short-circuit occurs in the sending

_end station/receiving end station or in transmission line and the circuit-breakers are opened and

reclosed. Power swings can occur by disconnection of a large load (one of the outgoing lines or gen-

erators).

.Dgtring power swings, the measurement of V/I performed by distance relays at sending end and
lecewving end is affected, The distance relay may operate even when there is no fault.

This disturbance at the station busbars affects the neighbouring system and a large zone of

the system is subjected to power swings. In Interconnected system where a large proportion of
_ Primary protection is by distance relays, this may lead to indiscriminate tripping at various points
_ Inthe system, resulting in cascade tripping and a total black-out. Hence the performance of distance

relays and remedial measures under power swing conditions need careful attention.

42.7.2. Effect of Power Swing on the Starting Elements in Distance Schemes,
(Ref. Sec. 30.10, 30.11, 30.13)

The starting elements in distance schemes (Ref, Sec. 30.10) usually respond to either overcur-
rent or under-impedance.

Overcurrent relays respond to increased current, During power swing conditions, there is a

heavy flow of equalizing currents in the transmission lines. Since the phenomenon of power swings

~,

in all three phased and cause over-current
starting relays of all three phases to pick-up. ' '
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The minimum impedance starting relays (Ref. Sec. 30.10) measures V/I. When V/I drops belqw
the setting Z’, the starting relay operates, During power swing condition, voltage V drops a certain
point of network, equalizing currents increase. Hence minimum impedance starting relays in all
three phases operate and remain operates till the power condition persists. :

42.7.3. Effect of Power Swing on the Measuring elements in Distance Schemes.

Ref. Sec. 30.10. The starting element also called fault detector acts first and switches measuring
element to appropriate input quantity. During power swings, starting elements gets actuated and

picked-up as described above and appropriate input quantities are now applied to the measuring

elements.

The measuring element should distinguish whether the power swing condition is persisting or
not. It should also distinguish whether reduced V/I is due to power swing or a real fault. Usually
there is a provision ‘blocking’. Blocking refers to making the protection scheme in-operative 'under
certain conditions. The measuring elements get blocked during power swings within permissible
limits and tripps during faults. In one of the blocking schemes, the measuring element has low
output during power swing condition but higher output during fault condition. In another conven-
tional blocking scheme, the blocking unit opens the trip circuit during power-swing conditions.

42.7.4. Representation of Power Swing on R-X diagram

Fig. 42.13 (b) represents the source and line impedance on R-X plane. -

The conditions of a power swing can be represented on a impedance diagram, as shown in Fig.
42,12. For the simplified case of two generators Gy and Gy connected by a tie-line impedance Zj;

G : G
1 4 B 42

ay

(a) Two machine system with interconnector AB.

-~

iX 7/ SOURCE IMPEDANCE
Gy
/
/ .
Py /7 LINE IMPEDANCE- ZL
.
S ] LOCUS POWER
— Tl A" SWING Zg
/' - L)
! N\ Za P LOAD
..R -
P\ +R
CHARACTERISTIC Z OF MINIMUM-~
Gyl IMPEDENCE MEASURING ELEMENT
(OPERATES-INSIDE . CIRCLE

-jX RESTRAINS*OUTS/DE CIRCLE)

(b) Representation of source line impedance, apparent impedance
on R — X plane (Impedance Diagram)

Pg  Locus of power swing (apparent impedance Z,

Gy, Gy Generating/Motoring sources in two machine system.

ay, by Distance relays A,B  Busbars near ay,, by
G, A, Gy B Source impedance’ AB Line impedance

L ] "~ Load impedance z, Apparent impedance
Z - Characteristic of impedance relay, (Circle).

Fig. 42.12. Explaining power swings.
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Fig. 42.13. Conditions of a power swing on an impedance
' diagram. (R-X Plane) (Ref. Fig, 42.18).

A Relay point of near busbars A

AB Line impedance ZL

A,B Bus bars

G, Gy Sources in two machine system

PS,P'S,P’S” Locuses of power swing (apparent impedance Z )
GA,GyB Source impedance

M Mid of line AB

Z; Line impedance

Zp Total impedance

z, Impedance seen by relay at A.

the source reactances of the generators and the impedance of the line can be represented on this
diagram by the lines G; A, G2 B and AB. The point at which relaying is being considered is taken
as A, the origin of the diagram. The total impedance Z, between the generated voltages
E) and E, is represented by line G; Gs.

Ref. Fig. 42.13. AG, and AG, represent generator internal reactances on R-X diagram. Since
generator is predominantly inductive, its resistance is neglected and line AG1, BG, are parallel to
X axis. Line AB represents impedance of the transmission line on RX plane. Line AGq and AG, is
the total impedance affecting the power swing. The locus of apparent impedance measured by the

measuring element during power swing condition is by line PS approximately perpendicular to line
AG; and AG, (Ref. Figs. 42,12 and 42.13).

Before the power swing V/I measured by the relay is in area L, far away from the circle Z.
During the power swing the apparent impedance seen by the measuring element Z,, varies along:
with the swing and its locus is along line PS.

When the vector Z, comes inside the characteristic circle-Z, the measuring element operates
and relay gets tripped [Fig. 42.12 (b)].

Now let us apply the above method of analysis to get the locus Z, for various ratios of generated
voltages. ’ :
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Remedial Measures to Prevent Operation of Distance Relays under Moderate Power
Swing conditions

Under power swing conditions, the point Z, (apparent impedance seen by the relay at stationA

A) moves from right to left along line PS though there is no fault.

The blocking relay (out-of step relay) operates as the point Z, touches its circular characteristic;.

The blocking relay blocks the circuit of the measuring relay for moderate power swing (sa}y angle
¢ between Eq, Ey upto 260°). As a result, for moderate power swings the distance protection does

not operate. . '
For excessive power swings (say angle ¢ between E;, Eg more than 260°). The system is surely

going to fall out-of step. In such case the blocking relay unblocks the main measuring relay. If the
impedance seen by the main relay is less than the reach impedance, the relay operates.

42.8. PROTECTION OF TEED LINES BY DISTANCE RELAYS

In recent networks, the intermediate switching stations (Ref. Fig. 1.1) are being rep}aced by
Teed Lines (T-off or lines with intermediate current source). The Teed Line with intermediate cur-
rent feed from the T-off presents a problem in distance measurement.

Refer Fig. 42.15, Consider impedance seen by distance relay a, near busbar A. tI‘he true .im-
pedance seen by relay ay is the impedance between Ay, F; i.e. Z4 + Zg. In absence of intermediate
line T¢, the relay a, with measure this impedance.

With intermediate current infeed Iy, the situation changes. The apparent impedance seen by
relay a; becomes

I
Zp=Za+2Zg +—I'IZB.

This being more than true impedance (Z4 + Zp) the fault appears to be farther away from actual

location because of the mutual impedance effect due to current I,, given by the third term on right
hand side. ' '

When current I, flows in intermediate Teed Line, the relay at station A will under-reach, i.e.
protect less length of line that desired. (Since distance relay operates when Zy is less than the relay
setting Z4 and the Teed Line increases Z,).

Because of the intermediate current in feed through Teed Line the digtange relay from A does
not protect the original length of line, for condition without the intermediate infeed.
Suppose, the high speed distance relays at a; is set to protect 80% of line AB. Suppose fault

F is at 80% length of line AB, the relay a; will clear it when I, is zero but will not clear it if I is
present.

Hence the setting of relay at station A should be done by considering effect of intermefliate
infeed Iy. It is practice to adjust the distance relays to operate as desired on the basis of no inter-
mediate current infeed. The fault F at the boundary of the first zone (say 80% of, AB) will not be
seen by the first zone of relay a; but will be within the second zone of relay a;. Second zone of relay
a1 covers complete AB plus part of line beyond AB but takes more time corresponding to the second
step (Ref. Sec. 30.12)

42.9. BACK-UP PROTECTION WITH INTERMEDIATE INFEED

Consider back-up protection in distance protection scheme. This was described in Sec. 30.12
and Fig. 30.12, Now refer Fig. 42.15. :
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4 B D

*—@L Za . T % K g X | M By s
1 141, é , i

Fig. 42.15. Explaining effect of intermediate current source on distance measurement,

A,B,C,D Busbars in different station

ay, by, ¢4, d, Distance Relays near A, B, C, D respectively
F,F, Faults

Zy Impedance between A, T

Zy Impedance between T, F

Ze Impedance between C, T

T Point of Tee-off.

For a fault Fy between B, D ; b4 gives primary protection and relay a; gives back up. If breaker
of b, fails to clear, breaker of a; should clear as a back-up. With intermediate infeed from C, the
setting of relay a; for relay b, is a problem similar to that discussed in Sec, 42.10.

The fault Fy should be normally in the second or third step of relay a; and first step of relay by.
However, with the intermediate infeed from C, the fault Fy is seen by relay b, as farther away and
also by relay a; as farther away towards or beyond D. In extreme cases the apparent impedance
seen by relay a, for fault F3 may be beyond its third step and relay a1 may not be sense the fault

Fy (Refer Fig. 30.12). Hence back-up protection by distance protection needs readjustment for lines
with intermediate infeeds.

One solution to this problem is ‘reversed third zone’ by mho type distance relay with directional
comparison type carrier current pilot relaying (Refer Sec. 30.14.2).

42.10. COMPENSATION OR COMPOUNDING IN DISTANCE RELAYS

Refer Sec. 30.10. Distance scheme has several measuring elements and starting elements. The
response of the starting elements must be as fast as that of measuring elements so the speed of
measuring elements is fully exploited. The minimum impedance relays (relays which operates for
value of Z below its setting) operate when V/I measured by the relay is less than its setting.

The voltage V seen by the relay from the secondary side of VT is influenced by several aspects
such as
— type of fault, e.g.. L-G, L-L, 2L-G.

— location of fault, whether near the measuring point or far away.
— VT connection with the relay.

The minimum impedance relays operate for reduced value of V and increased value of I. In
EHV systems, particularly for single line to ground fault at the end of the line, these conditions
are often not satisfied. In such case the relay does not operate and compensation or compounding
Is necessary compensation can be voltage compensation or current compensated.

“Compensation refers to feeding an additional input quantity in addition to main input quantity
for the purpose of correction in performance characteristic, The additional input quantity supple-

ments the main input quantity and provides compensation for measurement errors,
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Consider voltage compensation (Ref. Fig. 42.8). The voltage comparator is supplied with phase
voltage at its location and also phase voltage of the same phase compounded to about 70% of the
line length. This compensation may be in the form of an replica impedance in voltage circuit of
comparator to prevent input being effective until the desired value is reached. _ (¢) Plot characteristic or mho relay having 45° maximum torque angle, to protect 80% of the line

For example the relay may operate with vector products of the two voltages (main and com- length, indicate the regions of operation and non-operation on the R diagram,
pensation) is less than the set value. When fault occurs at the remote end of line, the drop in only ; Solution
main voltage may not cause operation but the combined drop of main and compensating voltages . _
may be enough. (a) Plain Impedance Relay (Refer Fig. 42.16)

Compensation may also obtained by introducing compensating current to the comparator of Line Impedance (given)
relay (Ref. Fig. 42.5). With current compensation, the relay may operaté for lesser voltage (V/I ‘ = 2.5 +j5 (Primary)
remaining same). However, this compensation may not be preferred as it has to operate for very Z1, Primary = 5.6 £63.5° (Primary)

low voltages where accuracy is affected by other stray disturbances. Line impedance seen by relay through CT and VT is given by the equation.

799
(a) Plot line characteristic on R-X plane referred to secondary side.

(b) Plot characteristic of minimum impedance relay to protect 80% of the line length on same
R-X plane neglecting arc resistance.

Section III. EXAMPLES ON SETTING OF DISTANCE RELAYS A g N CT ratio
L secondary 1 primary VT ratio
42.11. SETTING OF DISTANCE RELAYS o ~5.6x %%)‘ =7.47 Q Secondary
We will now study the setting of impedance relay and mho relay for given line parameters, ) ’ o
The R-X diagram is a powerful tool for analysis. The line characteristic and relay characteristic Draw on.X-R plane line AB equal to 7.47 ohms at an angle 0 = 63.5° with reference.
are drawn on the same R-X diagram. The setting of distance relay is such that it protects 80% of the line. Mark point R on line
We will recall that the line impedance is on the primary side of CT and VT, whereas the distance ~ ABsuch that o K
relay is on secondary side. To superimpose the line characteristic on relay characteristic both should AR should be reach of plain impedance relay. Hence setting of plain impedance relay Z, is given by
be referred to the same side, preferably the secondary side. The following are the guidelines : 80 80
' . A;=AB x =747 x —— =5.98, ohms
1. System quantities V and I should refer to the same phase corresponding the relay of that s 100 7 T 100 " T :
E;u:‘seelz;l;‘g., for earth fault protection of phase R, the voltage and current of phase R will be sensed Characteristic of impedance rel ay is a circle with origin O at A, radius AR = 5.98 ohms.
2. Voltage and current should be considered from the location of VT and CT. ; The rglay operates for fault on transmission line between A — R which lie within the circle.
3. Co-ordinates of R-X diagram must be in the same units (ohms). : )
4. Per unit system is preferred for large systems, Direct ohmic method may be used in simple +jX -/
problems. : /B
5. Phase angles are important. OZERATING / NON,-zgnga/AT ING
6. Both line characteristic and relay characteristic is referred to secondary sides and plotted ; EGON
on the same R-X diagram. , N/ fos $'¢
Conversion from Primary to Secondary Side ,;,'\W
Line impedance on primary side is seen by the relay through CT and VT. The actual ohms of ~ , £y ,
primary side should be converted to secondary side as seen by distance relay. This conversion is / 6'5'6 .
by means of a simple expression given below. ‘ & 7. l
7 =7 ><C'I‘r.a\i;io * ' 7 *R
§ 7P 7 VT ratio
.. ‘ "Z;, ="7.47 ohms
where Z; = Impedance as referred to secondary side of CT and VT (secondary)
and as seen by relay, ohms. Z5=5.98 ohms
iy . o (secondary)
Z, = Line/system impedance in ohms. Z, = 2.43 ohms
The same expression applies to R and X. (secondary)
42.12. SOLVED EXAMPLES ON DISTANCE RELAY SETTING
Example 42.1. Given. Line Impedance : ' AB line impedance Z; seen from A AR impedance of 60% length from A
ZL =925+ j5,0 o , 0 angle of line impedance O origin of impedance circle coincides with A
CT Ratio =400/1 _ . AF line impedance of 80% length from A, (Ex. 42.2)
VT Ratio =33,000/110 : v k Fig. 42.16. (Example 42.1 a) Line characteristic and plain impedance

relay setting on R-X plane.
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Refer Fig. 42.16 and Fig. 42.17.
(b) Mho-relay (Refer Fig. 42.17)

o ) , From Fig. 42.16, the point X is outsi

Draw line AB and point R as in case a. The mho characteristic is (fillgf«;?erit fronr;l cllli:vpi:ganc'e (Under-reach : reads less impedance).

L } g . ; a a . SRR

clllarauii.:erlst;clihl zlxljlg? i};:rta:;t;;‘;stlc 1s a circle passing through the centre o plane X18 From Fig. 42.17, the point X is in
along line o .

Conclusion
1. The mho characteristic

’ ' o g
/! acteristic,
7’
\/B ’
’
4
‘R
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de the circle. Hence plain impedance relay does not operate.

side the circle. Hence Mho type distance relay operates.
+ X ’

provides margin for the arc resistance than the plane impedance char-

, 2. The area of mho characteristic bein
e acteristic gives better stability.

p Example 42.3. Setting of a Distance Relay,

90° "D, NON OPERATING pedance Relay. The first stage of distance relay pr

A Fo 7 XY, REGION pedance relay and draw the characteristic of line
S of arc resistance.

%4\/\/ @é,‘(; OPERATING AR The line impedance is 0.24 + J 0.41 ohms per conductor per km.
' REGION Note : (6 —¢) =T CT ratio is 300/1 A and VT ratio is 100 EV/100V. -

S
Solution. Line impedance

g less than the impedance characteristic, the mho char-

’

A 110 kV of 35 km length is protected by Im-
otects 90% of the line. Calculate the setting of im-
and the relay on R-X plane. Neglect the influence

AN "

. =0.24 +j0.41 ohm/km.
i . . : Line angle
Fault resistance (secondary) AB line impedance Z;, seen from A

Assumed th .
impedance of 80% length of line from A 0° line angle 63.5° ( : d the same for phase faults and earth fault)
maximum torque angle of Mho relay = 45° AD relay setting CT ratio =300/1 =300
origin of Mho-circle mho circle passes through A,

VT ratio =100,000/100 = 100_0
Fig. 42.17 (Example 42.1 b). Line characteristic and Mho-relay setting on R-X plane.

(Refer Fig. 42.16)

Step 1. Calculate line impedance referred to secondafy
Draw line AD, line of maximum torque at angle ¢ equal to 45° (given). ~ Z,=7 x CcT Ratio_
Draw a circle passing through points A, R with AD as axis. Point D is fixed as follows : P 7 VT Ratio ‘

AR . For 90% line of 35 km length,
cos (0 - ¢)=—

D Z,=0.9x35x (0.24 +,0.41),
__ AR 5.98 _5.98 = 7.56 +;12.9 ohms per conductor
" cos (8-¢) cos (63.5° - 45°) 0.948

‘ Z,=(7.56 +12.9) x 200
Hence setting AD of mho relay = 6.32 ohms. The circle of mho characteristic with this setting ‘ s ' J1a. 1000
passes through A and R (Refer Fig. 42.17).

= 2.268 +3.87 ohm secondary.
Example 42.2. Effect of Fault Resistance. Step 2. Impedance Diagram (Refer Fig. 42.16 for guidan
as set in Example 42.1 for protection 80% of line

=6.32 ohms.

Consider the plain impedance relay and mho relay
AB. Given a symmetrical phase to phase fault at

ce). Draw a line AB at an angle
. , 0=60° to R axis. Plot point R at R =2.268 and JX=3.87.
1 : 1 ' : cate the fault point on R-X diagrams ' _ _ _ , - ,
Fn((zit ;C:tles gﬁii}izégzogléyf ::g;tisfjﬂ;cte s 20 ohms. Indicate the fault p & Draw a circle with centre O at A and radius AR = (2.268),2 + (3.87)2 . This circle represents
a _ ) ) . characteristic of a plain impedance relay to protect 90% of the line,
Solution. Convert fault resistance for secondary side.

CT Ratio ‘
Fault Resistance Secondary= Fault Resistance Primary x o=~
7 VT Ratio QUESTIONS
=2.0x 22 % 110 ' - With the help of neat sketches describe t
' 1 7 33,000 A |

he principle of a current comparator and a voltage comparator
used in distance protection. )

= % = 2.6 ohm (Secondary)

. Discuss the use of multi-output comparators in static distance

rilateral characteristics can be obtained on R-X plane.

. With the help of a block diagram explain the functionin

. In a distance protection scheme, the line CT has aratio o

; V. The line impedance is 0.24 + j0.41 ohm per conducto

b X llel to R axis ' Draw R-X diagram indicating the line characteristic wi
raw I'X parallel to R axis. ;

Fx = 2.6 ohms (Fault Resistanpe)

protection. Explain how oval and quad-

Indicate point F on line AB at 60% of AB

60
=100 % 747 = 4.49 =45Q,

g of a static distance relay.

£300/1 A, the line VT has a ratio of 33,000/110
r per km. Length of line is 25 km.
th reference to secondary.,

Indicate the circle of plain impedance characteristic to protect 80% length of line (Neglect fault resis-
tance).
|
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5. Indicate on an R-X diagram, the following (select suitable scale, point A at (0, J 0).
(@) Point R=1 QjX=+3 '

b)) Point R=1,jX=-1

(¢) Line impedance AB =2 + j4

(d) Fault resistance at the end of line AB equal to two ohms,

(e) Mho characteristic with maximum torque angle 53° and radius 3 ochms.
{f) Plain impedance characteristic to protect 80% of line AB

Explain the advantages of Mho-characteristic over the plain impedance characteristic. Quantities
given refer to secondary side.

. Power-Swings. Explain with the help of neat sketches the phenomenon of power swings in trans:

mission system with particular reference to its influence on distance measurement. I mport ant Assort ed Tapics and

Describe the blocking features adopted in distance relays to offer selective blocking under power swing

conditions. Static Protection Schemes

Lines with series Capacitor. State the function of series capacitors in long transmissiop lines. Dis- - — -

cuss the difficulties in distance measurement with application of series capacitors. Explain the effect ~ Insula.tlon, Rghabﬂlt_y, ’I"estmg . ) .

of series capacitor on impedance characteristic drawn on R-X plane. Explain the remedial features El%ctrgczfi‘l les'eb_'l—' tShleldlng — Guards — Grounding — Over-voltages — Protection — Reliability
. R . —- Tests for reliability.

provided in distance relay schemes to protect such lines. . Static Protection Schemes

Explain the following (any two)

Static protection of Medium Motors and Large Motors — Static Protection of Busbars — Disconnection
(i) carrier acceleration of Mains Supply by Static Schemes.
(i7) carrier blocking Back-up protection, Centrally Coordinated Back-up, protection Signalling
(i) mho characteristics ‘ Breaker Back-up — Use of Microprocessor — Computer based centrally coordinated Back-up
(tv) directional mho characteristics Programmable Equipment for .rela_ymg, protection and gontrpl — P,nnmple' o_f centralized back-up —
. Discuss the errors in distance measurement in double-in-feed lines. State the remedial measures in ‘ Post fault control — Communication Links for protection signalling — Digital Message System —

; ¢ Fibre Optic Data Transmission.
distance protection schemes for such lines. ;

. Explain the requirements of distance protection schemes of long EHV transmission lines. State the INSTALLATION, RELIABILITY AND
merits of static distance relays. Illustrate the features of any static distance relay by means of TESTING OF’ STATIC RELAYS
simplified block-diagram.

. Explain effect, of intermediate infeed from a Teed line on the distance measurement of transmission

line ~ 43.1. COMBATING ELECTRICAL NOISE AND INTERFERENCES

Any disturbing signal which interferes or disturbs the electronic measurement/sig-
nal/parameters is electrical noise. All electronic circuits and their installations should be with the
noise below acceptable level. This is very important for accurate functioning and reliability of static
relay functioning. Conventional electromagnetic relays do not have such a problem. Relaying and
control installations for static devices should be designed with particular attention to noise and
transient over voltages. The effect of noise and transient over-voltages is two-fold.

(i) error in measurements (#1) maloperation.

The noise can be caused by the following :

— Interfering external signals in the form of electromagnetic radiation or waves, e.g. solar
waves, radio waves from transmitting stations, electromagnetic waves caused by sudden
current changes in a remote electrical circuit, a passing electrical locomotive may cause an
error in electrical measurement, a radio voice is distorted by interference from neighbouring
station, switching of high voltage line sends a electromagnetic radiation, sparking or corona
discharge at a remote point causes disturbance in sensitive voltage measurement.

— Lightning and Switching Surges on primary side of CT’s and. VT’s get reflected on secondary
in form of voltage spikes.

— Drifts in electronic apparatus beyond their limit of stability.

— Imperfect connections of fixed wires or connectors leading to minute sparking. Cor-
rosion/wear/imperfection of working joints. ‘

— Device noise depending upon characteristic of resistors, capacitors, semi-conductors as af-
fected by temperature, humidity, loading.
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The noise tends to spread throughout an electronic system because of electrical r@ationship
between circuit conductors, enclosures, chassis and ground connections through conductive, capaci-
tive and inductive couplings. Electromagnetic radiation causes voltage gradient between two con-
ductors although not connected physically.

Adjacent conductors are coupled electrostatically. An inherent capacitance e?(istg between,
ground, conductors and chassis, shields, enclosures. Thus the voltage change occurring in one con-
ductor causes a change in other conductor, proportional to the capacitance between them and length
of conductors in parallel.

Every conductor has a resistance. Change in current produces change in voltage drop,
electromagnetic field from parallel conductor induces current and subseguept voltage Qrop. A sud-
den change in current in neighbouring conductor produces a voltage spike in the circuit.

Shielding refers to enclosing the conductors or apparatus in enclosure almost co'mplet.ely‘ ‘
Shielding reduces the capacitance between the circuit and outside space. The most effectlvc? shield
is continuous metalized plastic solid shielding is more effective than braided shielding. Effect.lveness
of shielding increases with the thickness of the shield and conductivity. Solid copper or silver or
aluminium or similar non-magnetic material is effective against a electrostatic and electromagnetic
interference. The shield should be insulated from the equipment and equipped with a drain wire
for single points grounding.

Grouping several signal conductors within one shield is permissible, if all ?he signals have same
ground point and capacitance between them is acceptable. When several shielded conductors are
combined in a cable, each should be covered with insulation.

Placing shielded cable within a metallic conduit is useful. The conduit of good conductivity and
thickness is preferable.

Grounding means connecting to earth by a conducting path.

— Equipment Grounding : Connecting non-current carrying conductor to earth.

— Chassis Grounding : Chassis is used as a reference earth. Chassis may not be connected to.
earth.

— Floating Ground is a reference ground which is not earthed.
— Signal Ground is a point within the circuit to which all signals within the circuit are ref-
erenced.,

— Uniground or Single point ground. Single point of electrical system connected to earth to
eliminate noise currents.

Signal cables may usually run near each other without interference. However wireg carrying
a.c. or d.c. power should be separated by at least 10 cable diameters. Also twisting a pair of leads
reduces both inductive and capacitive coupling and interference (Fig. 43.6.)

43.2. TRANSIENT OVERVOLTAGES IN STATIC RELAYS

During the early period of use of static relays in protection of EHV networks (1960-70), a large
number of failures and maloperations of static relays were reported. After investigation, the cause
was attributed to high transient overvoltages in relays circuits. The transient overvoltages were
measured. Their magnitude was observed to be even of the order of 12 kV, 20 kV peak, on secondary
side i.e. in relay circuit. After such investigation, necessary research was conducted to find the
causes and remedies of transient over-voltages in secondary circuits. These aspects are discussed
below :

1. Source of Transient Overvoltages in Static Relay Circuits

There are following three origins of transient overvoltages in static relays circuits connected
to the secondaries of CT’s and PT’s in EHV systems :

L. Transient overvoltages reflected from transient overvoltages in the primary circuits of CT’S
and VT’s. In primary circuits, the overvoltages occur due to lightning, switching, sudden change in
circuit conditions, etc. These get reflected to the secondary side.
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_in relay circuit, trip circuits etc.

Fig. 43.2. Using single shielded signal lead. Return path
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2. Transient overvoltages generated in control equipment due to breaking of inductive currents

3. Transient ovesvoltages generated within static relays.
The transient overvoltages of category (1) above, are due to operation of circuit-breakers and

isolators. In EHV systems, these overvoltages predominate overvoltages due to lightning. During
every switching operation overvoltage occur. The worst cases being operation of unloaded lines by
slow operating isolators. The amplitude of such overvoltages can be between 10 kV to 20 kV peak,
measured between cable core and earth, when cable is laid on earth and connected to capacitor
type voltage transformer. Screened cable or shielded cables, with shield grounded at both the ends
are used to reduce to transient voltage to the extent of a few per cent of their prospective value
(value, without shields). The frequency of damped sinusoidal oscillations varies widely between 50
kHz to 1 MHz. The source impedance have values between 200 to 300 ohms. The design of circuit-
breakers and isolators affect such voltages. A
while opening as well as closing the breaker.
pulses/second in many cases,

‘train of transients’ occurs during the arcing time
The train comprises pulses in the range of 350-400

The group (2), mentioned above give transient having steep wave ffont. Most of the transient

overvoltages originating within the control equipment is due to breaking of small inductive currents
such as th
ber of restrikes may occur between switching contacts. Transient voltages generated within the
relay (group 3 above) have relatively low amplitude and energy. However, they can destroy or dis-
turb certain sensitive components in the static relays, ‘

ose in auxiliary relays. Such transients have high amplitude and high frequency. A num-

A usual transistor can be damaged by energy of 10~ 50103 watts, integrated circuit by energy

of 1074 t0 108 watts. Transient overvoltages also arise due to rapid changes in current in wire-
wound resistors.

The characteristic of transient voltages include the following :
(i) frequency, rate of rise (#i) amplitude ‘
(iif) energy content {iv) source impedance
(v) repeat frequency .
Fig. 43.1 to 43.5 — Comparison of Shielding, Grounding and Twisting Techniques

SS = Signal source,
A = Apparatus,

T G = Ground,
5SS (Vv T A N =Noise Signal,
...... PPN S = Shield.

© =
Fig. 43.1. Bad method of connection :

Ground return earthed at apparatus end and signal end.
Signal lead and return lead parallel.
Electromagnetic radiation and closed loops cause maximum interference.

/

Pre MANG >
TTTThTT T I T _. 1o
$S ——o———o— 6t—
| T > (N)
=i =/

Fig. 43.3, Use of twisted pair of signal lead and
return lead improves radiated noise but ground
loop capacitive coupling continues,

by shield grounded at both ends. Shield capacitively
coupled to lead, hence can give noise.
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An effective termination that reduces the input impedance at high frequency and has little ef-
fect at 50 Hz or on d.c. is a small capacitor. It neither forces a higher input energy nor produces
heat of its own. A widely used capacitor is a 0.5 mF, 1,500 V d.c. oil-filled type. It limits a 2,500
V, I-megacycle surge with 150-ohm source to less that 35 V. Short leads to the capacitor imperative.

When supnressing transients shielding methods, a signal lead shielding with one or more
grounds has the effect of increasing the capacitance to ground of the signal lead.

Grounding a shield at both ends allow shield current to flow. Shield current resulting from
magnetic induction will tend to cancel the flux that created the shield current. The net effect of the

- , ; ; : hield on the signal lead is to reduce the noise level. An exception to this is that current flowing
. Twi : . ig. 43.5. Use of twisted pair of signal lead and return s : duce . ' a .

Tt 1stt§;i ip:lallrlto ;Sxfg iclulxes?geiggle Fllfgaalé connziting the shield to low side of apparatus in shields not produced by flux linking the signal lead will cause the surge or noise voltage on the

floating appm;f‘oise irrf)munity. floating input reduces shield to lead capacitors. This ‘

signal lead to be higher than it would be if there were no shield. ‘

“Twisting” for surge suppression is achieved by measures that cause the “signal” and “return”
leads to occupy essentially the same space, thereby minimizing the effect of differential-mode cou-

pling. Shielded twisted-pair conductors are required for low-energy level circuits routed outside a
panel.

method is recommended.

43.3. PROTECTION OF STATIC RELAY CIRCUIT

Extensive ihvestigations and analysis of data and experience on electric system circuits slh(?fv
that relay control circuits can be effectively protected against transient and surges by several dif-
ferent methods or techniques.

As regards radial routing of control cables for surge protection, circuits routed into the

. _ switchyard from the control house should not be looped from one piece of apparatus to another in
(i) Separation (it) Suppression at source the switchyard with the return conductor in another cable. All supply and return conductors should,
(iii) Suppression by termination  (iv) Suppression by shielding in other words, be in a common cable. This is to avoid the large electromagnetic induction possible
- ; isti ; i i f control cables
(v) Suppression by twisting (vi) Radial Routing o

because of the very large flux loop such an arrangement would produce.

Another effective measure applied to show and desensitize a circuit is a buffer. This buffer can
accommodate a test source operating at 1 Mhz having 150 ohm source impedance placed directly
across the input (differential mode) and having 2,500 V (open circuit) first peak, decaying to 1,250
V in six microsec or more, without the transistor turning on or any element being damaged. It can,
with the same results, stand a sustained 7 V d.c. input, or high-level d.c. input voltage of sufficient
duration to produce a 4,000 microsec-V product-for example 200 V for 20 ms.

Adequate buffering of low-energy-level circuits greatly decreases the susceptibility of static

relays to surge damage or misoperation and, in general, eliminates the need for shielding of circuits
inside a relaying panel.

(vit) Buffers.

Circuit protection by separation refers to both physical and elect‘rical tephnlq.ugs. Pﬁysz.ctal
separation between quiet and noisy circuits is an effective means :of noise control‘ critical Clrcllfl' S.
Though mutual capacitance and mutual inductance are logarlthm?c functions of' dlst'ance small in-
creases in distance may produce substantial decreases in interaction between circuits.

Routing of control circuits perpendicular to noisy circuits is another effective.physmal precau-
tion. An example of this would be placing a cable duct run perpendicular to a hlg.h-voltages ‘b‘usi .
This places any parallel runs between the control circuit and the bus at the maximum practica
realizable distance.

Another effective measure in’surge control is the grouping of circuits t_hat haye comparable
sensitivities. Low-energy-level circuits should be grouped together and physically displaced as far
as practical from power circuits.

43.4. RECOMMENDED PROTECTION PRACTICES FOR STATIC RELAYING
EQUIPMENT"

The recommendations are as follows : They apply particularly to HV and EHV stations utilising
static relaying.

Electrical separation is another useful principle in segregating circgits. In.surge control, this
appears in the form of inductance discriminatory applied to block conduction of high-frequency tran-
sient into protected regions. .

Another form of electrical separation is provided by zener diode. It allows conduct}on, bgt bl'ocks
the flow of current in the other (below the zener voltages level). Also, transformer isolation-is an
effective method of providing a common mode barrier between segments of a system.

1. All current, potential and exposed D.C. leads entering a panel or cabinet shall be terminated
by 0.5 microfarad capacitors keeping total capacitor loop lead length as short as possible. A total
loop length of 18 inches may be used as a guideline. Thyristor trip circuits must be equipped with
TP-2 components (2 winding reactor and zener) or suitable substitutes and a 0.5 microfarad
capacitor must be connected between the negative side of the zener and ground.

2. Where low impedance (such as that offered by a zener (diode) exists between an exposed

lead and a surge protective capacitor applied to another lead, the capacitor may be omitted from
the exposed lead, '

To support transients of surges at the source, either resistor switching or parallel clamping
techniques are used.

Isolators and circuit breakers can be equipped with resistors that are inserted during ope?ration
of the device to limit the transient voltages to comparatively low values. Economy may occasionally
dictate this as a means of restricating the surge level in a sub-station as opposed to other methods.

The surge associated with coil interruption can virtually be eliminated .by_ payall_ehng the coil
with a zener diode. This extends the release time, however, and where this is significant to the
application, a varistor may be used instead of the zener dio_de. The surge permitted by the varistor
is higher than that for the zener diode, but its limiting action is satisfactory.

The surge associated with extreme a.c. saturation of a current traqsformer can also be reduc}:}e_d
by a voltage-limiting device across the secondary. Silicon carbide devices have been used for t is
protective function. S

3. Circuits entering the panel that are not subject to direct switchyard exposure but are in close
proximity to extremely noisy circuits in a cable tray for example, must be treated carefully if they

supply low energy level inputs in the panel. The circuit external outgoing and return circuits. The
shield should be grounded at both ends.

4. Circuits entering the panel that are subject to direct switchyard exposure that cannot ac-
commodate the 0.5 microfarad capacitor because of the time delay introduced, or for any other

* Courtesy : Westinghouse Electric Corporation, U.S.A.,
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reason, must their surge voltage be controlled:by special cable routing or surge generation must
be limited at the source to help the surge levels at the panel terminal blocks to the limits stateq
under (D) below. : ,

5. All cables entering the static relay panel from the switchyard or.connected to circuits entering
the switchyard shall ) .

(a) be shielded (with metallic shield or sheath)

" (b) have sufficient cross-section in the shield (or metallic sheath) to sustain the maximum
60 hertz current to which it will be subjected to ground fault conditions.

(c) have the shield grounded to the common ground mat at both ends of the cable and
preferably at intermediate points also. If a common ground mat does not exist between
two ends, then means should be taken to assure a low impedance connection between
the two ends of the cable. This may be accomplished by connecting the separate mats
with one or more cables having sufficient cross-section to handle resulting fault and
surge currents.

(d) have conductors in pair (outgoing and return conductors) in the same cable. While tr
axial cable affords distinct theoretical advantage for the circuit between a carrier set
and tuner (carrier return circuit is grounded at only one point and is eliminated as a
possible conduction path for interfering surges), it is felt that its use is not mandatory
in EHV stations.

6. Coils of all electromechanical auxiliaries used on the panel must be equipped with a varistor
or equivalent surge suppressing means in parallel with the soil,

7. It should be emphasized that the relay designs themselves include zener diodes, capacitors,
winding isolation etc. to minimize susceptibility of a static relay to surge damage or misoperation.

8. The fundamental protection philosophy is to (1) provide a low impedance path to ground for
high frequency current flow caused by voltages appearing on exposed leads and (2) to minimize the
magnitude of these voltages by proper treatment of the loads.

9. The practices outlines here related to static relaying panels and the leads connected to them
but apply equally to isolated static devices where surge exposure exists,

10. Laying of Control, Protection and Measuring Cables.

The main current in the control cable conductors being low, these cables may be laid in a com-
mon duct, without separation. However they should be separated from power cables.

Highly sensitive measuring cables are sometimes laid in separate steel pipes totally away from
other cables.

11. Grounding of Cable Trays, Ducts.

All the cab\le trays, racks and metallic ducts should be grounded by connecting at each end to
station earth-mat. The adjacent cable trays should be bridged by copper jumpers, to retain con-
tinuity of earthing.

43.5. TESTING OF STATIC RELAYS WITH REGARD TO OVER-VOLTAGE TRANSIENTS

The IEEE Power system Relaying Committee has proposed certain tests on static relays as
regards their sensitivity to overvoltage transients. British Electric and Allied Manufacturers’ As-
sociation Ltd. (BEMA), England has issued a publication (No. 219), titled “Recommended Transient
Voltage Tests Applicable to Transistorised Relays”, proposing an impulse test with limited sources
energy. The test consists of subjecting the relay an impulse voltage of 5 kV (1.5 kV) with 1/50 (s
wave and energy 0.5 W both in common and transverse modes. Three positive and three negative
pulses are applied. Source impedance of impulse generator is 500 ohms.

Static relays should withstand the following design tests :

1. 1500 volts RMS, 60 hertz of 2000 volts d.c. applied between ground and a common point to
which all terminals are connected for 1 minute without failure. :
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2. An input having a volt-time product of at least 4000 microsecond-volts may be applied be-

_ tween energized logic inputs and negative (or positive) without operation (operation being defined
_as any change of state). An example of this input is 40 volts D.C. applied for 200 microseconds at
_ higher voltages, no less than 65 microseconds’ duration is permissible.

3. Surge withstand capability test for 1 MHz applied by a surge generator having an open cir-

cuited voltage of 2500 to 3000 volts first peak, decaying to 50% of first peak in 6 microseconds. The
surge generator has 150 ohms internal impedance. The surge is applied common mode between
signal, current, voltage or power supply leads and chassis. It is also applied differential mode be-
tween input logic, output logic or power supply leads and common. The surge is applied at least 50
times per second for not less than 2 seconds without failure, operation or change of calibration.

4. 7 volts positive D.C. sustained between logic circuits inputs and negative without operation, -

Tests 2, 3 and 4 are applied with the relay energized at 100% voltage and with 75% of nominal CT
current. _ ‘ - R B o

43.6. RELIABILITY, DEPENDABILITY, SECURITY

Reliability of a product is related with its quality during the total working life, It is usually

expressed in terms of the failure rate of individual components of Mean Time Between Failures
(MTBF) of the equipment and installation. The ability of protection equipment to operate can be
disrupted in three ways :

— Maloperation i.e. false tripping in absence of primary fault.

— Incorrect separation or undesirable tripping during a primary fault, e.g. back-up protection
operates first and trips a circuit-breaker which should not have been tripped. This leads to
power failure affecting larger areas.

— Failure to operate (i.e. does not trip even on fault when it was supposed to). The back-up
protection is provided for this possibility.

The reliability is further expressed in terms of Dependability and Security.
Dependability (Trust worthiness) assures that the protection equipment will operate correctly

in the event of a primary fault (trip selectively).

Security assures that the equipment will not operate unless there is a primary .fault.
In general the reliability depends on a Design of Protection Scheme, relay and also quality of

components, manufacturing technique.

Design Reliability includes apart from the design of the relay itself, the design of complete

scheme, other relays, the circuit which form the protection system. The equipment reliability is ex-
pressed as a probability which can be determined by careful evaluation of the circuit in relation
with failure rates of components.

Technical Reliability is subject to external influences and generally declines with time.
Ensuring Higher Design Reliability

A complete protection scheme should be considered. This includes

— CT’s, VT’s

— Batteries, auxiliary supplies, battery chargers, overload trips.

— All wiring between measuring devices, auxiliary sources, relay and circuit-breaker, auto
reclosure and auxiliary relays.

— All main and auxiliary relays.

— All terminals

Communication Channel (PLC or Pilot wires)
Trip circuit
Circuit-breaker, its operating mechanism and control circuit, main current circuit, insulation.
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The Application Engineer and Station Designer should have overall concept of the requirements
of various components. Each component should be reliable to ensure overall reliability.

Factors affecting the Design Reliability of Complete Protection System
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Table 43.1
Tests on Components, Sub-assemblies, Complete Relays

Component Sub-assembly (Modules) Complete Relay
— choice of suitable CT’s and VT’s with reference to transient conditions Altitude o ’
— behaviour of CVT’s during transient condition for application to high speed distance relays Dew point ¥ *
— behaviour of d.c. supply unit in protection equipment during battery voltage dip Flammability # * *
— behav%our of the pro'tectiqn in the presence of overvoltages, noise, interference, etc. Moisture resistance * *
— behav%our of protect%on dur?ng transients on measuring and control wiring Resistance to solvents *
— behaviour of protection during overages : #
1 Salt atmosphere * :
- — arrangements, shielding arrangements. ! "
For most of these influences IEC recommendations are available. The internal voltages in relay Salt spray N “
are limited by appropriate design features in the relay. . Seal, gross leak
The external factors-are taken care of by Station Designer. The induced voltages in secondary Soldering heat * *
circuits must be within specified limits and IEC test voltages. Terminal Strength
Ensuring Higher Technical Reliability Acceleration * *
. sk £
The following aspects are considered to ensure technical reliability (which does not depend on Mechanical shock }
design but depends on quality of components as affected by external influences.) Vibration, fatigue * "
— environmental and operating conditions ‘ Vibration, noise * * *
— material and components used in the circuit Vibration, variable * ’ *
— failure analysis Frequency # * *
— manuf:alcture, te'stmg, quality control Seal, fine leak *
— operating experience. X-Ray, film #
Environmental and Operating Condition Tests X-Ray, Real Time *
These include the following : Insulation Tests * * *
—_— Tempera‘cure Tests, Climatic Tests, Thermal shock Tests (— 185°C to 200°C), temperature Maloperation Tests : * *
cycling tests (- 185°C to 300°C) carried out as type tests on components, sub-assemblies, Development Tests Cow % .
complete relay. N .
— Environmental tests : salt atmosphere or spray (25°C to 71°C) performed as type tests. Type.TeStS ) . ' N
— Vibration Tests, shock tests. Routine Tests i )

Choice of Components

Section II. SOME STATIC PROTECTION SCHEMES

The rig(_)rous acceptance testing of active components of static relays includes 100% acceptance
tests on active components (diodes, transistors, IC’s) and random testing on other components.

Some tests on electronic components are mentioned in Table 43.1.
Rigorous Tests of Complete Relay*

43.7. STATIC RELAY FOR MOTOR PROTECTION

The introduction of static relay using integrated circuits now allows compact, combined protec-
tion relays. A single unit can combine about six functions of motor protection. This results in
reduced space, reduced installation time, lower total cost. The relay also gives better characteristic
and reduces burden on CT’s.

Motor Protection Relay

These include design tests, reliability

tests, type tests and routine tests, maintenance and site
tests.

Automatic On-line Testing of Protection Scheme

. ) (Courtesy : Brown Boveri, Switzerland)
The testing of protection schemes (such as generator protection) comprises the checks on all

relays in the protection schemes viz. voltage, current, frequency, directional, differential, etc. In
each case, the pick-up value of each relay for each phase should be measured. Automatic test sets
have been developed for static protection schemes. The test equipment measures the pick-up values
regardless of service current and these values are displayed and printed out digitally. The printed

values can be relaxed to control centre for monitoring. Modern microprocessor based static relays
have self-checking feature (watch dog).

The relay of this type protects three phase induction motors against interphase short-circuits,
prolonged starting, locked rotor, overloads, unbalance and earth faults. Similar type of relays are
available for protection of over-current and overload protection of transformers and cables, These
relays have following features :

— Only two or three phase currents needed as measurement inputs.
— Good match for all kinds of motors due to wide range of adjustments.
— Separate indication for individual function (local and/or remote).’
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; pridge (4).The output of rectifiers is given to the measuring circuit comprising following sub-cireuits

— Two-stage overload protection with thermal facsimile which is retained even if the auxiliary

ply fails depending upon requirements.

sup ails. : ~ S I .

— Can be flush mounted on switchgear or protection panel ; or can be arranged on separate — short circuit / >?) circuit wx?hou't tulne d.elay
racks. o i — prolonged starting (I > ¢t,,) circuit with time delay

Ref. Fig. 43.6 giving the block diagram of static motor protection relay for medium, medium
large motor. The core balance CT (£ W) slip over current transformer (Refer Sec. 27.9) is for giving
output in terms of zero sequence current (31, =Ig + Ig+ Iy). This output 31, is useful for sensing
earth fault. Due to lower burden of static relay ; cross-section of core of core-balance CT is com
paratively less and a compact core balance CT can be used with better accuracy and sensitivity of
earth-fault protection (Ref. Sec. 31.7). The two phase CTs (Wph) are installed in the supply con

- . nections (generally inside the control panel or switchgear unit). Their secondaries are connected to
the input intermediate CT (1) of the Static Relay. The output of intermediate CT’s given to rectifier

N B
: A

— Opverload circuits 6; - 83 with warning and tripping stages. The characteriétic corresponds
to motor heating curve. '

— negative phase sequence circuit (Iy) for unbalanced loading
— zero-sequence circuit (I,) connected to core-balance (slip-over) CT.

Light emitting diodes (LED) are provided for local indication of each function (or floating poten-
tial contact with remote indication)

The warning signal closes contactor K, sounding a local/remote alarm. The tripping is initiated
by closing of contractor K,,.

Block diagram of a static relay for large high voltage motor protection is giveh Fig. 43.7. This
incorporates

— Differential relay (1) '
— combined overcurrents (> >), overload(> ), unbalance (> Iy), a earth fault (> 1)) relay
— directional earth fault relay (> 10] )

——3

>
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All these functions are provided in a single relay unit. Units for several motors can be arranged
on one single rack. '
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Iy = Zero sequence prot. S = Motor circuit-breaker W, = Phase current transformer
IW = Core balance Z.S. CT (Ref. sec. 27.9) M = Asynchronous motor
1 =Input current transformer 2 = Burden of CT adjustable in ten steps k = Setting factor i
3 = Selector switch 4 = Rectifier I > > = Short-circuit protection
I > =Protection against prolonged overload t, = Time lag 7
A8 = Overload protection AB; = Warning-stage of overload protection |
AB, = Tripping stage of overload protection I, = Squaring Element
T = Interactor of Thermal Facsimile (Replica) \ _ : L Differential Relay A
I = Unbalance (negative sequence) Protection hq > hg ete. = Visual signals 2. Combined overcurrent, overload, unbalance, earth-fault Relay
K = Setting - K, = Indicator Contactor (Overload Warning) 3. Upderyoltage Relay
N . . 4. Directional Earth-fault Relay
K, =Tripping Contactor L = Level Detector and Trigger.

b 36.C iF . Rel 5. Circuit-breaker and other symbols as in Fig, 43.2. .
ig. 43.6. Circuit and Functional Diagram of a Motor Protection Rela; e . ; .
g Courtesy, : Bro&m Bo(:'eri. oto ¢ Y Fig. 43.7. Functional Block Diagram of a large high-voltage

Induction Motor Protection Scheme.
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43.8. STATIC BUSBAR PROTECTION BASED ON DIRECTIONAL COMPARISON

We will recall, the busbar protection can be based on different principles such as

— Busbar Protection by Over-current Relays. This can be adopted for networks where the in-
feed is not clearly defined and where the outgoing feeders to loads are not subject to reverse

— Busbar Protection by Distance Relays of incoming lines

— Busbar protection by Differential Relays

— Busbar Protection by Directional Interlock

The static Busbar Protection schemes have following advantages :

— Modular design. Required modules can be plugged-in accordance with the protection

scheme. Hence the design is simple and easy to operate.

— Low burden on Main CT’s. Hence problems arising out of CT saturation are reduced,

— Measurement can be independent of CT saturation,

— Intermediate CT’s can be decentralised (provided in a separate module with each relay),

Ref. Fig. 43.8, giving functional block-diagram of static busbar protection based on directiona]
comparison.

The direction of currents in all outgoing feeders (II,,
differential current. During internal busbar fault (SC), all
(Towards Busbar in Primary).

If this condition persists for a.definite period (or the order of milliseconds) the internal short.
circuit is confirmed and the relay trips. Additional conditions for tripping include magnitude of
feeder current and their sum. These conditions increase the security of protection.

II,) is compared with the directional of
these currents flow in the same direction

Ref. Fig. 43.8, the pulse shaper D converts sinusoidal signals into rectangular pulses-Dp con-

verts only positive half cycles and Dy converts only negative half cycles (into rectangular pulses),

F, and F,, are NOR gates for positive half rectangular pulses and negative half rectangular

pulses respectively. The three rectangular signals received by F,, comprise negative half-wave pul-
ses from three Dy elements. These are for out-going feeder II; outgoing feeder II, and difference
between IT; and II; as can be observed from the figure. Let us make truth table for the logic of
NOR gate F,, X being output of F,.

1, 1, I, - II)

0

[ R R e R
(= =
HOOON

0
1
0

From the truth table, NOR gate F,, gives output (x = 1) when three inputs Iy, II5 and (I - II,)
are (0). Z.e. when three negative half pulses are simultaneously absent (conditions 0.

Similarly NOR Gate Fp gives output (Y = 1) when three input positive half, pulses
(I, Iy, IT; - II,) are simultaneously absent (condition 0)

The output X of F,, and Y of Fp is given to OR gate G. The truth table of @ is as follows :

X Y Zz
1 0 1
0 1 1
0 0 0
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NI UTRN] = aur Jle(g
Juowio[y] Aeay = aury 10p-yse(]

diagram of static Bushar Protection,

scheme Based on Directional Comparison.

Fig. 43.8. Functional Block-

G = OR Gate (combination of Fp and F,))
H =Inverters

J = Integrator (56 ms)

K =Trigger

L = Drop-out Prolongation (Delay Circuit)
M = Tripping Line

I = Busbars
11, IT, = Outgoing Feeders
III = Circuit-breakers
A; = Main CT
A, = Intermediate CT
B = Common Burden

A = Direction of Normal Current N= AN D _Gate
. A= Direction of Intend fault Current 0,, Oy = Tripping Inter-locks
C = Shunt P = Amplifier

€ = Tripping Contactor

q = Trip Indication

R =Trip Release

S = Digital Signal Directional Comparison
S, = Short-circuit
" U = Feeder Measuring Elements,

D = Pulse shaper
Dp = Shaper of Positive half wave

Dy, = Shaper of Negative Half wave
E =-Central Unit Directional Comparison
F =NOR Gate for the positive half

F, = NOR Gate for the negative half

i i = = tput is high (Z = 1). When positive

f the inputs X or Y are high (x =1ory=1), th_e ou .
g:lef}'nc;?l}(;so derivedpfrom feeder currents and difference in feeder currepts are mmultgne;ou;ly
present, the control unit of directional comparison E gives output to trip release R via feeder

measuring unit U. . . . .
AND Gates O; and O, provide additional interlock conditions via measuring element U for trip

release R.




_ for the industrial process. The power is taken from Mains Network as well as inplant auxiliary —

.described here. :

MPORTANT ASSORTED TOPICS AND STATIC PROTECTION SCHEMES 817

1
RY

816 . SWITCHGEAR AND PROTECTION

43.9. DISCONNECTION OF MAINS SUPPLY FROM INPLANT AUXILIARY SUPPLY
DURING SYSTEM FAULTS

(Courtesy : Brown Boveri, Switzerland)

Many industrial plants have their inplant generating station and need uninterrupted power

generator (generally driven by gas turbine). The segregation of essential loads and non-essential
loads is illustrated in Fig. 43.9. During system faults (say F). The voltage of bus-bars 2 and 3

drops down and the supply of essential loads and non-essential loads is disturbed. Hence, it bécomes

necessary to disconnect the mains supply very quickly during fault on mains (¥;) by opening ciy. > ) ® ° ’
cuit-breaker (7) and bus-coupler (4). ' -;;- I E

°T<> >0 ] [<u <i] i

LL.
M4

. g/ F,
{1 A
7

- S%ﬁsg : F\, Fy, Fy = Possible Faults
For F; - Trip (7y and (4)
f For Fy — Trip (8) only
For Fy — Trip(9) only
X = Switchgear
2 - :

X X o
1 00O

RP = Reverse power element

> I = Overcurrent element
< U = Undervoltage element, connected to VT

< f= Under-frequency element, connected to VT
All elements in single relay unit E,

Fig. 43.10. Protection scheme for system disconnection for Fig. 43.9 symbols as in Fig. 43.9,

— Enough power should be available from generator G when mains supply is disconnected.
3 )|( — Enough power should be available from mains, when generator @ is disconnected,
8 X The protection scheme has several relays, the main component being a directional power (RP).
E It is a highly sensitive static relay. ‘
2
. The directional power relay RP receives input reference voltage from VT via rectifier bridge and
NPLA , inpnt current from CT via another rectifier bridge. The measuring angle of the relay is 60°. This
AUXILI,:];Y angle gives the best results for short-circuit conditions considering the d.c. component,
GENERATOR The phase angle between rectified outputs of current and voltage are made in positive and nega-
1 = Mains 3 = Bus bar for essential loads tive half waves which makes the measurement'very rapid and reliable. Two phase comparison is
2 = Bus bar for non essential loads 4 = Bus coupler made per cycle. At 50 Hz the maximum resolution of reed relay contacts is 10 to 15 ms.

Fig. 43.9. Scheme of mains supply and inplant auxiliary supply for industrial plant. The protection also incorporates overcurrents element > I, under-voltage element < U and

i o : under-frequency element < f. These elements are housed in a single relay (E).
During a fault (F;) in generating plant, breaker (8) should trip and (7) should remain closed.

During a short-circuit within the plant (Fg) only faulty part is disconnected without interrupt-
ing the mains supply or generator supply.

A protection scheme for quick disconnection of mains supply in the event of fault (F)) is

Section III.  BACK-UP PROTECTION, CENTRALLY CO-ORDINATED BACK-UP
AND PROTECTION SIGNALLING

- 43.10. BREAKER BACK-UP LOCAL BACK-UP

The breaker back-up and centrally co-ordinated hack-up will be described further in this sec-

T

Non-essential loads are connected to busbar 2 and essential loads to 3. tion

The following conditions must be satisfied by the installation:

— Busbar system must be equipped with switchgear and protection for quick disconnection of
mains supply which responds to critical conditions in the plant and trips buscoupler.

J . . .
Breaker back-up protection is employed in installations, where the failure to interrupt a short-
circuit, due to breaker failure, could cause serious damage or disturb the stability of the network.
Back-up protection provides a safeguard against failure of primary protection. In breaker back-up
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protection if faults is not cleared by the circuit-breaker or primary protection, it will cleared by thé
additional back-up circuit-breaker provided in the same station. "

BUS BAR '
/- - yr7i C

In EHV systems it is now a common practice to provide two different types of protections, opa

4 %
main and other back-up. The cost of EHV circuit-breakers being very high (Rs. 5-15 lakhs per 245 . l Q I— - —— ISOLATOR
400 kV breaker), it is generally uneconomical to provide a duplicate breaker. Hence more attentigy

100 & itis gner — 3 e -
is paid to protection scheme. w BREAKER

i MAINCT
AUX.CT i
y 1

.
% T K 1

. N

The protection scheme (generally provided in conjunction with busbar protection) based og loeal
back-up protection, provided with features such that if the circuit-breaker of main protection fails

to clear, the protection scheme senses the breaker failure and sends tripping command to another
adjacent circuit breaker. ‘

The protection scheme comprises primary protection element, (A) and additional back-upE
protection element (B) and complex logic system (Refer Fig. 43.11). The choice of the scheme varieg
with every application. Accordingly, the wiring of the relay is made for specific application or ap-
propriate relay elements are plugged in to form the complete system, -

If both the breakers in the station (for primary and back-up) fails to operate, then breaker ofi
remote back-up provided in other stations may operate and clear the fault. ~

The breaker back-up protection scheme is generally provided with the bus-bar protection.
scheme. The principle of protection is that the command is given to the main circuit-breaker an

a time lag relay for check. The time lag check relays checks whether the circuit-breaker of main

protection has interrupted the current in a period of about 50 to 100 ms. (Time of primary protection
say 20 ms to 40 ms and total break-time of circuit breaker 40 to 60 ms.)

If primary protection has been succes
breaker and CT primary) the back-up br
up protection relay. In case the main
continued to flow), the breaker-
back-up breaker.

sful (as can be sensed by sensing current through circuit:
eaker does not get tripping command from breaker-back
protection circuit-breaker has failed to interrupt (current has
back protection sends tripping command (after 50 to 100 ms) to

T

1 G 0
M i
L g J';{_,___J
e

A = Primary protection element, one for each feeder
B = Breaker back-up protection element, one for each feeder

C =Busbars D = Tripping line Allocated busbars

The breaker back-up protection scheme with bus
breaker : (incorporated in block B in Fig. 43.11),

-bar system comprise the following items per

— 3 high speed single-phase current relay elements.
— 1 or more starting elements.

E = Blocking or release line o F =Breaker trip coil
— 1 or more time lag elements. G= Logic for release ' 1:1] = I'I\/‘anitpring rr;od:le (with fault location facility)
— lor?® tripping relays, I'=Tripping line monitor = Tripping contactor

K = Connection between starting contactor and G

L = Monitaring connections between each module and H

M = Logic connection between I and G N =Blocking connection

O = Signal module (output unit for internal and external signal)

P =Signal line

@ = Isolator replica generates logic signals at electronic level, which correspond to position of isolators,

Fig. 43.11. Schematic diagram of static breaker back-up protection scheme,
. (Courtesy : Brown Boveri, Switzerland).

' Thesg elements are suitably arranged to form a complete back-up protection scheme. Logic rela-
tlon.sldemde as to which circuit-breaker should be tripped. These logic circuit derive inputs from
auxiliary CT’s in series with the circuit-breaker of primary protection.

Ref. Fig. 43.11 Block B contains three adjustable over-
phase and all three phases, two adjustable timing element
relays. The protective system also contains facility for si

CT, input filters for starting relays and tripping relays b
figure.

currents relays, starting relays for each
s, two outputs for energing the tripping
gnalling, monitoring units, intermediate
esides the main blocks illustrated in the

in protection scheme which will operate and clear the fault by tripping the adjacent breaker in case
of failure of the breaker main protection to trip.

43.11. USE OF MICRO PROCESSOR FOR LOCAL BACK-UP

It is now a common practice to have two forms of primary protection for transmission lines
working on different principles (e.g. distance and over-current). It is assumed that at least one
protection system will operate on occurrence of a fault. The cost of high voltage circuit-breakers
being very high, it may not be economical to duplicate the high voltage circuit breaker even though
higher reliability can be achieved by back-up breaker. More attention is being paid to the provision

The fault detector devices in the protection scheme are normally simple instantaneous over-
current relays but complex logic circuits are associated with these to ensure that correct breakers
are tripped under all system operating conditions and provide the necessary security against wrong
tripping. . ,
Microprocessors or minicomputers (Ref. Ch. 43-C) are used to advantage for this function to
replace the present hard wire logic system. The minicomputer is loaded with a program which takes
into consideration various system requirements.
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The advantages of programmable processors are the following :

— considerable saving in relay panel space.

— reduction in panel wiring at site.

— reduction in number of multi-core required between plant items and the control room,

— greater ease to change logic to current initial mistakes or to suit subsequent system changes.

— reduction in amount of information which has to be transferred from one department to
another during the design and manufacturing stages of logic system

— reduction in overall cost due to reduction in the number of stages and thus time required
to provide working system.

Remote Back-up Protection

The remote back-up refers to back-up protection given by protection system in the adjacent
station. “

43.12. COMPUTER BASED CENTRALLY COORDINATED BACK-UP

Opening of a back-up breaker generally causes loss of power to a larger area and also system
disturbance. In centrally co-ordinated back-up protection, the Grid Control Centre (Ref. Ch. 46)
receives information from various sub-stations that a fault has not been cleared.

The computer aided control centre takes into account the system conditions at the time of fault

land decides which back-up breakers should be opened to clear the fault with minimum system
disturbance.

In order to achieve correct back-up breaker operation, it is necessary te transmit a large amount
of data from and to individual sub-station if all the analysis of the fault conditions is to be done by
the central computer. This would be too complex and prohibitively costly. Instead of sending all
the information (Ref. Sec. 46.5) the data which can be processed locally in the sub-station is

processed (by the micro-processor based mini-computer) in the sub-station itself and only essential -

information (data) is telemetered (transmitted to a remote) Grid Control Centre. This information

(data) is compared with data received from other sub-station and the program is such that the

decision as to which back circuit-breakers should be tripped is taken by computer -based Grid Con-
trol Centre. This decision is then conveyed to respective sub-station in the form of coded telemetric
signal. On receiving these instructions the appropriate back-up breakers are opened. The sequence
of tripping of back-up breakers is in accordance with a pre-arranged program,

Smaller mini-computer with their micro-processor (central processing units) is used in in-
dividual sub-stations to determine which part of the sub-stations is faulty. The back-up protection
scheme (B) in that station (generally incorporated in the busbar protection scheme) has a provision
to determine as to which feeder is faulty and to send signal that a particular breaker has not cleared
the fault though main protection (A) had instructed that breaker to open. These signals are
processed by the mini-computer in that sub-station and relevant data is transmitted to Grid Control
Centre. The grid control centre determines which adjacent circuits should be disconnected to clear
the fault with least overall disturbance to the system, and also which circuits should be blocked
(negative tripping) in order to maintain system stability).

43.13. PROGRAMMABLE EQUIPMENT FOR PROTECTIVE RELAYING MEASURE
MENTS AND CONTROL (PPRMC) ‘ '

In Hord-Wired electromechanical or static relays described earlier, the components of the
protection system are physically interconnected and are usually for specific purpose (i.e. over-cur-
rent relay protects against over-current and is wired according to its scheme). Hardwire logic is

essentially unalterable. Hard-wired relay is set for certain pick-up condition and has certain specific
characteristic. '
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The present trend in power system protection, measurement and control is to use Program-
mable equipment instead of Hard-wired equipment. The use of programmable equipment incor-

porating micro-processor and static digital/analog devices reduces the complexity of the entire
protection scheme.

The protection scheme has to perform several complex functions. This includes

— to sense abnormal condition/fault.
— to decide whether to give an alarm or trip command.
— to decide which main circuit-breakers (primary or main protection) should be tripped.

— to decide whether to trip back-up breakers or not ? Which back-up breakers can be tripped
with least disturbance ? '

— 1in which sequence Autoreclosure should be carried out ?

— whether breaker should be reclosed or not ? : .

~— how much abnormal condition (say power swings) are permissible that breaker should not
trip ?

— what are the conditions at remote station bus ?

— whether remote breakers should be tripped or blocked ?

— what is a sequence of switching in the network ?

— synchronising checks before reclosing ? '

~ Monitoring : checking at periodic intervals, the auxiliary circuits, relay-breaker-CT-VT and
other devices to check their operational readiness and health.

— Required fault clearing time of main and back-up breakers.

-

These complex and multifarious functions are possible with programmable protection schemes
in conjunction with static relays and digital logic circuits.

The variables in main primary circuit (current, voltage, power factor, frequency) are given to
measurement/protection/control scheme vie CT/VT/tranducers. Some signals are converted to Digi-
tal form in Analogue to Digital converters (A/D)

The entire system has at its centre a large scale integrated circuit (LSI) microprocessor. The

microprocessor processes the information by means of built-in static logic circuits, memory and
other modules.

- The prbcessing is performed by means of programmable microcomputer, The programmes are

prepared to cater for specific application. These programmes can be prepared to suit local system
conditions,

~ 43.14. PRINCIPLE OF CENTRALIZED BACK-UP PROTECTION (CBP)

A real-time on-line computer system is necessary for centralized computer aided back-up protec-
tion and post-fault control the basic approach is to substitute logic for measurement.

The faulty circuit in power system is distinguished from healthy circuit by the fact that fault

circuit alone has an inflow of fault power at one or more terminations and no out-flow at any ter-
mination (Ref. Fig. 43.12). :

The central computer is supplied with the data on the directions of (fault) power flow from all
circuit-terminations. The computer programme is such that it can determine the faulty circuit by
very fast able look-up and then decide which back-up circuit-breakers should be tripped for back-up
clearance if one or more of the circuit-breakers of primary (main) protection fail to clear the fault
condition within desired time.
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(@) Direction of power flow at temingtions of various circuits for line fault.

(b) Direction of power flow at terminations of various circuits for busbar fault.
Fig. 43.12. Explaining CBP.

.S
;

Note. During a fault in a circuit the direction of power flow at the terminations of that circuit is towards

the fault F.

Generally, back-up clearance will involve tripping of a section of busbar as only one circuit
breaker is provided per feeder for economic reasons. The central computer will then wait for the
total break-time of the slowest circuit-breaker in the system plus a suitable safety margin, to service
the circuit-breaker trip signals (signal that the circuit-breaker has tripped and cleared the fault),
If all such signals arrive, the back-up protection programme will stop; if one or more such signals
do not arrive, appropriate trip command will be issued to the relevant out-station.

The trip-command (if any) from central control will be checked for compatibility with the local
situation as seen by the out-station before the tripping of back-up circuit-breaker is initiated. The
purpose of this check is to prevent false tripping of back-up breaker due to false command from
central back-up control station (Grid Control Centre). Generally, outstation can determine/only
check whether the particular circuit may be faulty or is faulty ; and not that it is faulty. The last

function is determined by central back-up protection. (Protection in outstation might have failed
and cannot be relied upon for back-up).

The central computer tables must be continually updated with any change in circuit configura:

tion. Thus the outstation must iriform central computer of any circuit-breaker of isolated change
of status as a low priority interrupt.

43.15. POST-FAULTY CONTROL (PFC) BY DIGITAL COMPUTERS

Post fault control is necessary after opening of main and back-up circuit-breaker to keep the
power system in satisfactory operating condition, Possible actions to be taken include

— load shedding '

— generation readjustment

— switching-in of available standby feeders of transformers

— system islanding (splitting)
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Central computer can examine several possible post fault conditions before the breaker clears
the fault and determines what action may be required to keep system stability with minimum out-
age. The actions must be pre-programmed on the basis of recent analysis of the system,

The central computer is pre-programmed with tables of specific loads to be shed or switches to

be opened corresponding to specific generation/load inbalances. For other aspects, a periodic system
ecurity assessment programme is simulates successively all possible contingencies and checks
overloads and stability limits, which is pre-assessed off-line. This programme is run periodically or

~ whenever a significant load change occurs, or whenever there is a change in power system con-
_figuration. A pre-requisite for this function is that, additionally to the information required by the
 back-up protection programme, the central computer needs information on busbar voltages, genera-

tion levels, circuits watts/VARs flow, etc. These data are scanned at regular intervals
(second/minutes) by an existing data loggers and elementary system.

43.16. COMMUNICATION LINKS FOR PROTECTION SIGNALLING

The communication links for protection signalling between out-station and central control sta-
tion can be one of the following types :

— Pilot wires specially for protection/communication signalling
— Telephone wires

— High frequency carrier channel

— Radio/Microwave channels of very high ultra high frequencies.
— Satellite communication

The communication channel between out-station and central control forms a part of back-up
protection scheme.

Digital Message System ‘

Signals are physical representation of a message, and therefore carries the information to be
processed. The Binary signals can assume only two values either ‘0’ or ‘L, the ‘0’ value represents
not present and ‘1’ value represents present. The logic operations AND, NAND, NOR OR, and the
combinations thereof manipulate logic functions in form of binary language of ‘0’ , ‘I’. A change of
signal state of a binary device represents in its message content elementary decision between two
possible values 0, 1. In technical terminology, it contain the ‘unitbit’ called binary digit.

When a varying analogue quantity is to be converted into digital message, it should be con-
verted into digital form in A/D conversion device. ‘

A code is the assignment between individual values of the quantity and the signal states of
several binary positions by means of which these values are to be digitally represented.

The analogue circuit quantities or messages are converted into digital messages. These digital
messages are in form of 0-1 pulses having certain code. The frequency of signals may be voice fre-
quency or high radio frequency. '

43.17. FIBRE OPTIC DATA TRANSMISSION

This technique is being used for machine-tool control or plant process control and power system
protection. : :

The conventional electronic signals are communicated through shielded copper wires of good
conductivity. The electrical noise, electromagnetic field disturbances tend to disturb the signals.
One method of overcoming this problem is to employ fibre-optic cable for transmitting the control
signals fibre-optic cable consists of specially developed glass cable. The light signals can be trans-
mitted through such cable very efficiently and the effect of electrical noise on transmission is com-
pletely eliminated.

The transmitter at sending end converts the electrical pulses into light pulses. These light pul-
ses are transmitted through the FO cable. At the receiving end the light signals are converted into
electrical signals,
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At present silica clad silica optical cables have been developed for working lengths of 40 km
re repeaters are necessary. They can handle data rates in excess of 100 M bit/sec.
Development of optical sensors and int
signalling in early 1980’s,

Experimental optical link current transforme

befo

grated optics has made a major impact on protection

rs have been developed the scheme incorporates

auxiliary CT’s mounted on hollow insulator. The output of auxiliary CT’s is given to pulse frequency
modulated transmitter. Optoelectric techniques are used for controlling HVDC thyristor valves.

The transmitter drives a gellium-arsenide light emitting diode (LED). Light pulses from the
diodes are transmitted through fibre-optical cable to relay room. In this room.the light signals
received from FO cable are converted into electrical pulses by receivers. The electrical signals are

supplied to static relays. Thus the optical system forms a link between outdoor CT and indoor static
relay.

43.18. LOCAL BREAKER BACK-UP PROTECTION : B
STUCK-BREAKER PROTECTION

This form of protectibn has other title
Protection ; Back-up Tripping Protection. T
back-up breaker should be operated éither

REAKER FAIL PROTECTION ;

s like Local Breaker Backup Protection, Breaker Fajl
f a circuit breaker fails to open or clear the fault; the
‘locally’ or ‘remote’. The local back-up breaker operates
in the same sub-station. The method of achieving local breaker back-up operation is called ‘Breaker
Fall Protection’ of ‘Brealker Stuck protection’ or ‘Back-up Tripping Protection’. '

Basic Scheme of Breaker Fall protection is illustrated in Fig. 43.13. As the main protection
operates; the breaker fall protection is also initiated. If the main breaker falls to clear the fault, a
time delay relay is arranged to operate the required back up breakers so as to clear the fault. The

total time required for fault clearance by the back-up breakers depends mainly on the setting of
the time delay relay.

MAIN VES INITIATE RESET
PROTECTION BREAKER FAULT NYES|  oorAKER
OPERATED TRIP CLEARED FAIL SCHEME
- ‘*‘*—J
NO
= INITIATE WAIT FOR TRIP
( NORMAL b N
OPERATION BREAKER FAULT 5 BACK-UP
' FAIL SCHEME CLEARANGE BREAKERS

Fig. 43.13. Basic flow diagram of local back-up protection.
Courtesy : GEC measurements, UK.

Fig. 43.14 illustrates the total time required for clearance by back-up breaker.

Refer Fig. 43.14. The setting of time delay relay in the breaker fail scheme must be longer than

tal break time (Circuit breaker time) of the main protection breaker plus reset time of the
fault detector relay so that back-up breakers do not operate if the fault detector relay has already
reset (i.e. the main circuit-breaker has successfully cleared the fault :

' FAULT ‘
MAIN C.B. DETECTOR TIMER RELAY | MARGIN
| PROTECTION | TRIP TIME | RgseT TivE "ERRORS
‘ TIME .
BREAKER FAILURE
4 TIMING RELAY OPERATING B.U.BREAKER
TIME . TRIP TIME
— TOTLE B.U: CLEARANCE TIME —>

Fig. 43.14. Time components in local breaker back-up.
Courtesy : GEC measurements U.K,
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Whether the main breaker has cleared the fault or not is detected. by ‘an instantaneous over
current relay followed by a definite time relay’ which together find out whether the main current
is still flowing after the tripping signal to trip coils of main circuit-breaker of the faulty feeder.

43.19. UNINTERRUPTED POWER SUPPLY UPS)

Complex, critical electrical and electronic systems need uninterrupted power supply. Examples
of such critical loads include process computers; process control instruments, communication links,
relay, boiler flame supply, boiler control, furnace supply, protection circuits, critical alarms etc. For
some loads, voltage dips/frequency variations are not allowed. UPS systems provide uninterrupted
a.c. power supply to such critical applications. :
There are two types of UPS

(A) UPS with some delay of several cycles:

(B) UPS with time delay less than a fraction of a cycle,
In type A above, for a time delay of 4 to 8 cycles, mechanical switches can be us
ferring supply from main to the stand-by generating source,

In type B above, there should not be an
UPS system have been illustrated in Figs.

ed for trans-

y delay or interruption; hence a continuous or float type
43.15 and 43.186.

BATTERY
i -
~ RECTIFIER’ = INVERTER -
AN
~ DC =~ i AC
i LOAD
! BUS
.................. [ |
BYPASS
e SWITOH BEFORE FAILURE /‘\ AFTER FAILURE
OPTIONAL N\ AN
SUPPLY ( ) VARV T
Fig. 43.15. Un-Interruption Power Supply (UPS).
BATTERY
TRANSFER i~
l SWITCH
: INVERTER | '~ lioAD
j e AC | BUS
[ é I
! t
b ] '
—_
BYPASS
MAINS # . SWITCH
SUPPLY  STANDBY DIESEL ENGINE

GENERATOR SET
Fig. 43.16. A typical high power UPS with standby generator set.
A solid state UPS is basically composed of the following :
(a) Solid State rectifier battery charger.
(b) D.C. Storage Battery.
(c) Solid State inverter.
(d) Solid State (Static) Switch (Optional)

During the normal o

peration, the a.c. input feeds the rectifier. The rectifier converts a.c. into
d.c, and charges the batt

ery. Simultaneously, the rectified supply is inverted to a.c. by the inverter.,
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When a.c, supply fails, the battery supply provides the alternative power to tlr}e inv;elit(;ert aréd
the continuous uninterrupted a.c. supply is available on the a.c. load side. _For a time _(; 0 odbo
minutes battery can be arranged. For longer power supply duration or for higher capagl ys }?tn. ty
supply; diesel generator sets or gas-turbine driven generator sets are used. These are brought into
circuit automatically when main supply fails.

The DWR has two modes of operation.

1. The independent mode determines whether the fault is internal or external by direction and

level setting. It is independent of the communication channel and provides ultra high-speed tripping
for nearby faults.

2. The more sensitive dependent mode requires information from the remote terminal to es-
tablish whether the fault is internal or external in the usual manner of directional comparison and
carrier acceleration principles used in distance protection schemes.

In Fig. 43.17, for fault F;, the DWR at A will detect the internal fault in independent mode
and will take tripping decision within 2 to 5 ms. For fault Fythe DWR at A will remain inoperative,
and the DWR at remote terminal B will depend on the carrier acceleration or carrier blocking signal
from terminal A. For a fault Fy very near terminal ‘A’ the DWR at B cannot precisely determine
whether the fault is internal or external. Hence it has to take help of the usual techniques used in
carried aided distance protection of long lines. By such combination of the two modes the DWR

along with carrier aided distance protection scheme provides fast and selective protection of 100%
length of overhead transmission line. '

43.20. DIRECTIONAL WAVE RELAYS FOR FAULT DETECTION AND PROTECTION
OF OVERHEAD LINES | v : _ , :
The Directional Wave Relays are ultra-fast (2-5 ms) and have been developed during 1980's

for protection of overhead lines of any length against phase to pbase faults and phlase to tgrotl'md
faults. Directional wave relays are also used in conjunction with distance relays for line protection.

The Directional wave relay (DWR) uses the directional wave dgtection p.ri.ncz_ple whlchldetects
the direction from which the travelling waves originate. If the point of origin is EXteI};r'lah to the
protected line section the protection blocks and if internal, the protection provides a high speed
tripping output which is phase selective.

This principle is illustrated in Fig. 43.17 in terms of the direction of motion of trav.elling waves
generated by a change in the electrical state of the network (i.e. fault breaker operation etc.)

S
@ ' Fro
TRAVELING
WAVES
TIME TIME

A Fp B

The DWR relay incorporated in Distance protection scheme uses both steady state (50 Hz
waves) and transient variations (within milliseconds) but the setting are based on 50 Hz quantities.

Testing : The Directional Wave Relays can be tested by means of special test kit for Dynamic
Testing. The tests can be performed on DWR and Distance Protection Scheme,

QUESTIONS

1. Explain the causes of electrical noise in static relays and necessary precautions in installation to
eliminate the same,

2. Write short notes on —

— shielding and earthing — overvoltages in static relays
§ A 8 — uninterrupted power supply (UPS) — noise in static relays
@ £ o @ — fibre optical link for data transmission
2

. State the merits of static motor protection. Describe a typical static motor protection scheme with the
help of a heat block diagram. Deseribe function of each functional block.

4. Describe principle of a static bus protection based on directional comparison principle,
5. Explain the need for back-protection. Explain principle of breaker back-up protection scheme,

6. Explain the role of centrally co-ordinated breaker back-up in a large power system. Describe the
scheme of centrally co-ordinated breaker back-up employing a digital computer,

7. Explain the need of post fault control from central control station. What are the main functions of the
post fault control. -

TRAVELING |WAVES
TIME TIME

F, A B

F| Internal fault for section AA Fg External fault for section BB
Fig. 43.17. Principle of Directional Wave Relay (DWR).

Consider protection section A.B.

For internal Fault Fy the direction of travelling waves originating in F; will be F; A and
FyB.

The external fault (Fy) the direction of travelling waves will be FoA and FyB.

The direction of wave at Point A has reversed:
At point B, the time taken by the wave Fy B is mush lesser than that taken by wave FZB .

The Directional Wave Relay senses the following T —

1. Direction of Wave with respect to the protected: section relay location.
2. Amplitude of the Wave with respect to setting. -

DWR the steady state currents and voltage are suppressed in active and passive filters and
onlyI;ludden changes a};‘e detected. The direction to the fault is established by determlr:il_rtlg thetxk'leel;;
tive polarity of the sudden changes in voltage AU and current Al Ft_)r externa_l CO? i 1(1n:is hese
have the same polarity and for internal conditions the opposite polam’.cy. The d}mq iona eiim
is made in the first 2 to 5 ms after fault incidence and all subsequent information is ignored.
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vices in these three levels are in communica-
annels (PLCC). (1980-1990)

Digital protective relays, monitoring and control de
tion by means of power line carrier communication ch
Changing Scene

With the availability of microprocessor based relays, digital techniques, data transmission
facilities microcomputer etc. the functions of supervision, control and protection can be made com-
plementary rather than independent. Functional modules can be incorporated in Combined Protec-
_tion Control and Monitoring System (CPCM).

43-B

Digital Relays, Microprocessors Based
Relays, Fault Recorders and
Fault Locators

This chapter describes the basic com

ponents of Digital Relays and Microprocessor based Relays.
The Combined Protection Control and

Monitoring and Control Systems (CPCM).

PART I
DIGITAL RELAYS

Three levels : Control centre, Substation, Unit. Functions at each level — Components of Digital Relay,
Components of Microprocessor based relays.

Part I Digital Relays. Block diagram — functions of each block — basic processes:in Digital Data
Processing — Binary system, Word, bits, components.
Part II — Microprocessor based Relay.

Block diagram — functions — Microprocessor — Microcomputer — Functional parts, Architecture,
Block diagram or a Distance Relay.

Chapter 43-C — Microprocessor Based Substation Control and Protection

43.22. BLOCK DIAGRAM AND COMPONENTS OF A DIGITAL

RELAY "
There are two families of digital relays. ‘

1. Hardwired digital relays incorporating A/D convertors and Digital processing circuits,
2, Programmable digit relays incorporating microprocessors or minicomputer.

Basic components and processes involved in a digital protective relay are illustrated in Block
Diagram Fig. 43.19 (a) described here as an example.

43.21. ENTER MICROPROCESSORS IN PROTECTION TECHNOLOGY

Power Engineers need understanding of basic principles and applications of microprocessor

based protection control system in addition to the conventional protection systems.
The microprocessor based protection and control at follow-
ing hierarchical levels (Fig. 43.18). ‘
Control centre level : Load Control Centre
Substation Level/ : Control rooms of Substation,
Plant Level Generating Station, Load Centres.
Unit Level : Individual ‘Units’ in the substation/
' generating station/Load centres e.g.
transformer, busbar, motor
transmission line,
These levels are linked by-Power Line Carrier Communica-
tion channels (PLCC)" and microwave communication chan-
nel. The data flows from unit level to upper levels and from
upper levels to unit levels via the Data Bus. Each level has

certain protective, Supervisory/monitoring and control func-
tions.

o)

| o

CONTROL
CENTRE

SUBSTATION
LEVEL

SERIAL
DATA BUS

Before 1980’s the protective functions were independent
of control and monitoring functions. Monitoring Functions and 3
Control Functions were performed by different systems. The ‘l']
functions of protective relays was limited to sensing th(} i .
fault/abnormal operating condition and arrange tripping of Fig. 43.18. Three levels in microprocessor
circuit breaker under main protection and if necessary back- based Protection, Control Monitoring

; ; s (PCM) system.
up breakers. The automatic control included Synchronising Courtesy - ASl)*]I A Sweden,
checks, auto reclosing duty etec. i

UNIT LEVEL

* Refer Sec. 46,9 Terms and Definitions.

The three phase AC inputs derived from CTs and VTs
analog processing compensating cireuits, In this
developed into a set of quantities required for mea

In Block 4 A/D Conversion t
from the analog signals to repr

are fed to Block 2. Block 2 comprises
block, the measured currents and voltages are
surement processing and operation of the relay.
he phase informations contained in these
esentative square wave digital signals,

The equivalent digital signals from Block 4 are fed Block
sists of phase comparators, logic gates and other digital circuits
7 also receives other external digital signals from Block 3. Th
back up breaker and other circuits which have an interface wi

The digital processing carried out in Block 7 is controlle
fanctions carried out in Block 5. In Microprocessor Based Re
are performed by a Microprocessor.

quantities are converted

7 for digital processing. Block 7 con-
required for signal. processing, Block
ese include external data regarding
th the protective relay.

d by current and voltage supervision
lays functions of Block 7 and Block 5

, the events are displayed on Block 9. Sig-
peripheral devices like sequence of event recorders,
a provision of fault recorder, fault locator etc.
vanic separation between the station auxiliary DC
protective relay. The time lag relays in Block 6 determine the operating time of
ction of the relay and are therefore linked with the Block 7.

Referring to Fig. 43.19 the functions and descri
are summarised in Table 43.9,

reclosing relays etc. With digital relays there is

Block 1 (D.C./D.C. convertor) provides a gal
system and the

the back-up fun

ption of electronic components in a digital relay

(In microprocessor based relay Blocks 7 and 5 are within a microprocessor of the relay]
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AC INPUTS DIGITAL INPUTS Block in Fig. 43.19 Functions Description
| 1 IR 11 . Digital processing To process the digital signals received Comprises
NALos 5 RELAY block from A/D converter (4) and the Digital
c/oc - A i i G .
! COF‘?\/E/RTER 2| processing INTERFACE i:ﬁ;tlolgr;?rface (3) as per required — Logic circuits for relay operation.
I — Multiplexers
4 5 — Encoders, decoders
AID CURRENT AND — Memory circuits and other digital
=81 CONVERS|ON sugg;{ﬁgfw electronic circuits.
Tripping output. The trip-command to circuit breakers The tripping output is generally fed to
is given by this block. appropriate auxiliary relay,
6 7 SoTTAL 9. Indication and To indicate whether the relay has In addition, the functions may include
TIME signalling operated. To provide signals to remote display Disturbance recording, Fault
RLE?_gYS . PROCESSING terminals. recording etc.
I
8 9 43.23. BASIC PRINCIPLES OF DIGITAL RELAYS
TRIPPING oA en Ref. Fig. 43.19. The protective relays receive analog inputs from the CT’s and VT’s connected
oUTPUTS S[GNJA{LlLi'IG; in the protected circuit (Block 2). These analog signals are processed in Analog processing unit
o Hi

Fig. 43.19. Block diagram of a digital relay.

Courtesy : ASEA, Sweden.
Table 43.2

Summary of Components in a digital protective relays

(Block 2). The processed analog signals are fed to the analog to digital convertor (A/D converter)

(Block 4).
Digital Signals

Analog signals have continuous faithful wave fi

Block in Fig. 43.19 Functions

orms e.g. Secondary voltage of a VT, secondary
current of a CT, ' '

Description

1. D.C./D.C. convertor Galvanic separation . between
Augxiliary D.C. supply (Station battery

system) and the static relay.

2. Analog - processing, 3 phase AC inputs include Secondary
compensating and current of CT, Secondary voltage of
setting circuits. VT.

3. Relay Interface with To receive exiernal digital inputs and
external Digital Signals feed to the digital processing block 7.

7 A/D converter To convertor analog signals into

digital square wave signals
5. Current and voltage To control digital processes in block 7.
supervision

6. Time-lag relay block. To determine operating time of

back-up relays through block 7.

Digital signals are in form of coded square pulses which represent discrete elements of infor-
mation (data). In digital system, the signals are in ‘binary’ form i.e. only two discrete values referred
to as binary coefficients 0 and 1 or logical values true and false.

The number of binary digits needed to encode the various discrete elements of information
(data) has a significant influence on the design of a digital system.

The digital system generally operate on groups of 8 or 16 or 32 bits of information atonce. The

range of the digital system of encoding the information by a n bit group is 2". Hence digital systems
with larger bit operating group can process a wider range of concoded information.

The earlier digital relays used micro
are with 16 bit microprocessor.

Include different processes required
for relay measurement e.g.

— Amplitude comparison
— Zero crossing detection

— Thase comparison in sequential

processors of 8 bit groups. Some recent digital relays
logic circuit.

— Measurements e.g. current or

voltage or impedance or direction. Representation of Digital Information.

— Supervision and control The information to be processed may be :

functions by amplitude

oo, — Textual e.g. status of a plant viz normal or emergency.
-omp ' — Numerical e.g. value of current, voltage, power etc.

— Logical e.g. logical conditions imposed on a relay to operate.

The information usually takes from a sequence of alphabetic characters, punctuating symbols,
decimal digits and symbols representing arithmetic operations, logical values and logical operators.

The information also includes the spaces which mark the boundaries between various words or
quantities,

— TFiltering.

External digital inputs may ir}clude
signals from remote terminal, signals
regarding back-up protection etc.

These signals, are subsequently fed
to the digital processing block 7.

May be included in Block 7 in a

This form of information is represented in a digital system by codes of binary digits.
Microprocessor.

rmation must be fed into the input unit, processed in the processor unit and given out
unit in coded form, there should be possibility of ‘encoding’ and ‘decoding’. Each elemen
mation must have unique representation. ‘

Since the
by output
t of infor-

info




2 SWITCHGEAR AND PROTECTION
83

Binary Number System. . L .
Binary digit can take two values (0 or 1) correspon'dmg to (‘Op??," OZI-CI‘::;:e) ;;1}:1011:
said to be base 2. Binary numbers are formed by successive powers o ml 2 ;’decjm.al ole
numbers and fractions can be formed by using binary systt.sm. For examp |
ber 86 is represented by a binary number 1 0 1 0 110 as follows :

1 0 1 0 1 11 QO
1x2%  +  1x28 o+ 1x2t o+ ox28 o+ ox2? o+  1x2' o+ Oﬁf -
645 + 0 + 16 + 0 + 4 + . 2 + =

To represent 86, binary series requires seven positions, bufc only two difg:)ts 0,21, The valancy
of individual binary position of dual number is obtained by falling powers of base 2.

A Binary number (101 0’1 10)

. A
B ‘A’ as a relay combination,
1 = close 0 = Open

Y S . 4 '-'lb% i’% )
. o i o o e 1 o

C ‘A’ as an amount of binary counter 0 ; o1 o
This can be represented by modern hardware by relay ¢t E

i
combination and binary counte.r is shown in Fig, 43,20, Tbe D 2 22 23 gt 25 b
number 86 is represented by binary code (A) by (B) and (C). Fig, 48,20, Dial (Binary) number systez

Conversion binary to decimal and vice versa

Simplest method consists of repeated halving of decimal number. Each halvin% pr)oduces anew
dual digit which is equal to the remainder which can be 0 or 1 (even or odd number

Example Conversion Decimal to Binary
Example : 56 —111000
56 : 2 = 28 remainder 0
28 : 2 = 14 remainder 0
14 : 2 = 7 remainder 0 TDual number 111000
7 : 2 =3 remainder 1
3:2=1remainder 1
1:2 =0 remainder 1

i i i y i i i digit and doubling it,
I number is converted in decimal number by taking highest binary dig; _ 1
addiggz‘:o ;lélcond highest binary digit to the result, doubling it again, adding to this the third highest
binary digit and so on. .
Example : Binary to digital conversion

111000=
1x2 +1 =3
3x2 r1 =7
Tx2 +0 =14
14 % 2 +0 =28

28 x 2 +0

RESULT

Processing Binary Information

th element of information within digital protection and control sys.tem is repre-
sengz?lc:sea binary code and is stored, transmitted, processed as a set (&fl}nx:lx?ryt Zigl*::gilz
‘0’ - ‘1’ series. Within the digital circuits, the binary _mgnals are I‘)rocefse_ yt 1gﬁ‘ ol log e
circuits which route the binary signals through appropriate combination of Bogllc ga Zsl sach lous
gate implements primitive binary logic which is descnbedl mathematlcally by_ oolean : %es g
corresponds directly between logical operators an.d tbe digltal. lt_)glc gates, leeslprmc p
circuits. Described logic functions and their applications to digital protective relays.

. MICROPROCESSOR BASED RELAYS

tions NOT, AND, OR and their combinations NAND, NO

ing systematic logic circuits. By using Boolean algebra the logical circuits are manipulated and
designed, simplified with mathematical accuracy.

are received from secondaries of CT, VTs. Di
Terminals Units) and from other contacts.

Static Busbar Protection, Static Distance Protection. I
functions used in digital signal processing and computing systems.

Equation in which the output variable is exp
defines the value of output for each combination of

833

es for logic operations. Basic logic opera-
R etc. are used as building blocks for form-

Boolean Algebra provides a method and a set of rul

_The logic circuits is formed on the basis of rules from Boolean A]gebra’ and mathematical

simplification.

- Combination Logic

Digital protective systems have built-in-digital signal processing circuits. The analog inputs

gital signal inputs are received from RTU (Remote

Other textual signals are received: from the man-machine interface. These data are either in

textual numerical or logical. Each discrete information is first converted into digital form to
equivalent code in terms of ‘0’ and 1.

In static relays, the digital signal processing systerm (Block 7 to Fig. 43.19) is required to produce

output signals which are fed to tripping outputs (Block 8) and indication, display signalling unit
(Block 9). The signal processing involves logical combi

functions (Boolean Functions) are implemented usin

nations of input signals. The combination logic

and the present set of inputs. Such a circuit is called ‘Combinational logic circuits’.

Combinational logic is used extensively in‘digital

protective relays as illustrated in Fig. 43.19,
t provides many of the logical and arithmetic

Truth Table

The function of Combinational logic circuits in protective relays can be specified as a Boolean

ressed as a function of input variable. This equation
( input variables. The complete set of inputs and

their correspending output are generally represented in the truth table.

Arithmetic Operations :
Arithmetic operations of fundamental nature are performed in
— digital processing systems (Block 7, Fig. 43.19)

-~ Arithmetic Logic Unit (ALU) within the central processing unit (CPU) of a computer or a
microprocessor., :

Combination of Iogiq gates can be used to implement arithmetic operations on binary numbers.
Arithmetic addition is the most fundamental operation in binary digital system.,

=
o.
e

@
<

TRANSISTOR / —
/
/NTEGW
CIREUIT

APPLICATION — g
-3
o

40
20 +— MICROCOMPUTERS —e
1970 1980 1990

Fig. 43.21. Three generations of technology in components
* of Static Protection Systems and Control Circuits,
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Table 43.4. Digital Circuits and their Functions R S 7 v
Digital Multiplexers. To produce an output which is a combinational function of input variables. ’ . . e 1. Protected unit
fi i inational logi ' ‘ i ' ‘ —’ 2. Blocking input
g d Decoder  If number of.inputs is greater than the number of outputs, the combinationa gic e ‘ ‘ g inp
fncoder and De - circuit is called encoder. If the number of inputs is lesser than the number of outputs . \__\_~\ ~=1 solamsa w1t 7 [oes 3. Aux. supply 26 to 312 Vde
the combinational logic circuit is called decoder. Encoders and Decoders are used * T Azl RN34 aoozlg i ‘ or 80 to 242 Vae
in form of MST, LSI, VLSL. They are used in CPU of computers and microprocessors. I Ham bhaon oF| 4. Aux. signalling relays
' . . . . . . : r ‘—' . .
Sequential Logic Dlglta}l sequential logic circuits and programmable system incorporate these types a Tﬁ 9 >Hp 5. Aux. tripping relays
Asynchronous and ~of logics. ) yvaeill] / v ‘ ; 6 6 Kovmad
Synchronous In synchronous sequential logic, synchronising signal is used to control the instant stlo) L( 8 S . o YIi |
at which tran_sition occurs in the state of system. : - esb ? 10 = B 7. Display ' ;
In Asynchronous sequential logic, the state is determine(.i by t}}e fur}ctin of the . e % PP = B 8. Software matrix
circuit and the value of the logic signal. External synchronising signal is not used. L 2 gab INTO , 5 9. Watch dog
. ! B1C s1g0 -l e SHe
_ Clocked Flip-Flop. Basic elements in synchronous sequential circuits is Flip-Flop. , 1 . [ o 10. Microprocessor
Memory function Memory elements are essential in sequential systems and digital signal processing; 3 gigi::@___:’ i 11. A/D Converter.
Semiconductor read and write memory is very widely used. ; » 4..]1, . ) ; o
Memory device. It should be possible to uniquely address the memory device that stores a binary
' digit.

Fig. 43.22. Block-diagram of a Microprocessor based overcurrent
relay/overload relay for Motor Protection.
(Courtesy : Brown Boveri)

- It'should be possible to read the state-of every stored binary digit,.

— ROM Read Only Memory. It is not possible to change the state of binary
digits in the ROM. It is nonvolate. : )

— RAM Random Access Memory. In this, we can read/write in to the memory,

Memory is denoted by number of bits e.g. 8 bit memory Large arrays of ROM and
"RAM are used in programmable systems counters.

The microprocessor (10) performs the digital signal processing.
Protective Functions -

In the motor prbtection relay under description, several conditions are analysed by the
microprocessor (11) and the software martix (8). The protective functions in this relay include :

(i) Earth fault protection
(i) Negative phase sequence protection (1)
(&27) Short circuit protection I>2)
(tv) Overcurrent protection >
(v) Protection against low loads (I <)
(vi) Thermal overload protection (A6)
(vii) Motor starting protection (I-START)

It is a sequential circuit which can go through specific sequence of states and which perform
a state of transition on each occurrence of input. A counter can be used directly to count a number
of occurrances of input by converting the series of inputs into a prescribed séquence of states such

that at any point the current state or current may be output or read. Counter can also be used to
form a coded sequential ‘butput,

, PART I1
MICROPROCESSOR BASED PROTECTIVE RELAYS

43.24. MICROPROCESSOR BASED RELAYS

The protective relay has to decide logically the conditions under which the tripping signals are
to be given via auxiliary tripping relays (4), ‘

Signalling and trips by Software Martix -

Refer Fig. 43.23. The signalling and trippin
which gives command to auxiliary tripping rela

The microprocessor based relays have become commercially acceptable. T_h{&y are prefe.rred fqr
complex protection and control systems. In microprocessor based relays the dlglta_ll processing unit
is a Microprocessor. Most recent protective relays for overcurrent protection, differential

protection, distance protection and Substation Protection etc. are with 8 bit or 16 bit
microprocessors,

The basic principles of Digital ‘Relays described with the help of Fig. 43.19 are applicable to
microprocessor based relays also. .

Microprocessor is now used for Protection, fault recording, fault !og:ating, data monitoring and
several other functions which were earlier performed by analog or digital systems.

g logic is provided in the software matrix (Block 8)
ys (4), and auxiliary signalling relays (5).
The software tripping matrix has been shown in Fig. 43.23. ‘

The user is able to freely select those startin
plant and can allocate them freely
matrix (Fig, 43.23).

g and tripping signals that are significant for his
to the various auxiliary relays by means of the software tripping

43.25. DESCRIPTION OF A MICROPROCESSOR BASED PROTECTIVE RELAY FOR
MOTOR PROTECTION * (Courtesy : Brown Boveri, Switzerland.)

Fig. 43.22 gives a block diagram.

Two signalling and two tripping relays are provided. For each relay a number can be used to
select one of the four following modes of operation for each protective functions,

— No action (0) Condition A
The CTs feed current to A/D converter (11), A/D converter gives digital signals to the —_ Signalling a start Condition B
microprocessor (P - INT - 0) and software matrix block 8. . kSignalling atrip (2 Con dition C
, . Co i — Signalling a trip with Condition D

* The description is for pinpointing the various special provisions available with a typical microprocessor based

self retention (3)
protective relays.
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VALUE

D |'7] [;] [:] DISPLAY

For the parameters of the MCX 91 relays there are two memdries. ‘
— Background memory (non volatile, NOVRAM) in it the valid parameters are memorized,

P R i.e. the protective relay always operates only with the settings memorized in NOVRAM.
12> o _g — Foreground memory (volatile)-
=g= g _ — when the auxiliary supply is switched on, or with a special command, the parameters from
= : (3] . the NOVRAM are copied in the foreground memory. There they can be altered as desired
D_Z—_]'—_ 1 R I with the “vary” key. The displayed value is always the value in the foreground memory.
| .
S S e . ;.
i + ,
< ,, , | ' ' | 3.26. ADVANTAGES OF AND SPECIAL FEATURES OF MICROPROCESSOR BASED
= -—I—j——tvj PROTECTIVE RELAYS ‘
’ . [152 L _+ S ]|_ - k Compared to the earlier hard wired analog and digital relays, the programmable microprocessor
e ! ! ased relays have superior features which include the following :
1) ! , _ .
>3 o B 1. Ability to Combine a large number of protective and monitoring functions in a single relay
- l>>2 » B _unit, e.g. in Fig. 43.22 the relay unit combines 7 main and 3 auxiliary function.
posl— 0 0) [0 0 In the protection schemes of earlier generation separate relay units were necessary for each
SR N | ! Lo T R A ring. 1 liabili
m_ e e Bl e main function resulting in more number of units, more wiring, lesser reliability.
2. Measured values of variables are processed digitally by microprocessor. The digital process-
MR1 Enn ARl LARnN ing by microprocessor givves‘ several abilities to the protective relay. These abilities include
a no output b aux. signalling relay I or I — Combinationalvlogic :
¢ aux. tripping relay I or II d aux. tripping relay I or IT with latching -

— Use of on-line processing of V:‘ariables :
— Programmable feature, etc.

3. High level of Flexibility. Various protective functions can be freely selected and allocated
to the various auxiliary relays by means of software tripping matrix (e.g. Fig. 43.23). The same
relay can give tripping signals, blocking signals, starting signals, signals to fault recorders etc, The
_relay meets the most complex protective and monitoring requirements. :

4. The memory of the relay enables the relay to retain the values of variables responsible for
tripping, time taken by relay to operate etc.

The values can be displayed on demand by the operator. Thereby the nature of fault, fault cur-
rent etc., are precisely known. ’

5. The relay can digitally display values of on the current, voltage etc. by pressing appropriate
button on the face. Thereby need of each instrument is eliminated. Microprocessor design provides
_ precise measurement and, compact panel, ‘ :

6. Comprehensive self monitoring self checking feature. The relay with self monitoring feature
can monitor its own circuits continuously and if any internal component has failed, indication is
obtained. The relay also indicates functional readiness to operate. In relay with self checking
_ Droperty, the performance can be checked by the operator during periodic maintenance.

7. Increased Reliability due to self-checking

Recent Microprocessor based digital relays provide digital sensing and logic Processing. The
microprocessor checks itself, the peripheral circuitry, RAM, NOVRAM, EPROM memories and the
Power supply. In addition, it monitors the AC inputs using A/D converter calibration check inputs.
It also monitors LOP (Loss of Potential) and LOI (Loss of Current). The self checking feature im-
Proves the reliability of microprocessor based digital relays.

8. Data Interface Access - Increased Communication ability
Microprocessor based digital relays can have interface with (communicate with (1) Other Relays
(2) Protected equipment (3) Control and protection devices in the substation. By means via Relay

Interface Unit (Fig. 43.19, Block 3). The data and control commands can be exchanged. The sequence
of software events which occur in the processing unit (Fig. 43.19, Block 7) can be stored in the

* This allocation is possible for all protection functions excepting
A03 and I bLR )

Fig, 43.23. Software tripping matrix in Block 8 of Fig. 43.22.

Signalling of a start : Persists until the particular setting is exceeded.

Signalling of a trip '+ Appears when the time-lag belonging to the particular protective fune
tion has expired or as soon as a set temperature rise or a set number of
permissible starts by the motor has -been exceeded. Exception : if trip-
ping with self-retention is selected, the trip annunciators only drop out
when the reset button has been pressed,

Memory of Tripping value and time run

The memory for the tripping value and time run contains the value of the current and the time-
lag of the particular function at the instant the last trip took place. If no trip takes place, the last
time run of the particular function will be memorized. The memory for tripping value and time-run
is volatile, i.e. in the event of failure of the auxiliary supply, its contents are lost.

Self Monitoring : '

The microprocessor based, relay Fig. 43.22 is provided with self monitoring (watchdog) (8). The
relay.is continuously and comprehensively monitored by the watchdog and test software, any faults
which do occur (e.g. failure of components) are detected at once. Thus, without adversely affecting
the availability, it is largest possible to dispense with periodical testing of the relay.

Testing Facilities C

For periodical testing of the relay one of the test sets may be used. For testing, the active part

is withdrawn from its casing and inserted in a test casing wired to the test set. It is also possible
to test the relay in its built in state.

Settings and Memories

Settings can be made quickly and at any time i.e. even where the relay is in operation. Once
values have been set and memorized, they are retained even if the auxiliary supply should fail
(memorizing in NOVRAM = Non-/volatile Random Access Memory)

i
'
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memory and subsequently displayed and obtained in th
tenance requirements are reduced. .

SWITCHGEAR AND PROTECTION

9. User friendly yet highly capable

Microprocessor based relays are easy to apply, operate and use. Yet they are highly capabl'e
e.g. amodern microprocessor relay for transmission line protection has two four digit alphanumeri:
cal displays that show up 62 separate settings, seven LEDs and it is easy to access stored data and

easy to input new-data.

10. Relay provides Fault designations and informations. The metering disp}ay shows three
phase voltages, current, load angle. The data is accessible through front panel dlspvlay‘. Pre-‘faglt
voltage, current and load angle are also displayed when desired. The relays can bé hooked to'a

microprocessor based fault recorder and fault location indicator.

11. High Speed. High speed relays Minimum tripping time of 12 millisecond and maximl‘lm
of 32 millisecond are available for line protection, A typical microprocessor based relay for line

protection takes 20 millisec.

43.27. BLOCK DIAGRAM OF A MICROPROCESSOR BASED DISTANCE RELAY FOR

PROTECTION OF TRANSMISSION LINE

Refer Fig. 43.24. The Microprocessor (Block 7) is the ‘heart’ of the protective system. It is a
Intel 80 C/96 Microprocessor with & 16 bit microcounter operating at 10 MHz. The program memory
(Block 7-1) is in separate easily replaceable EPROM chips. The subsystem (Block 7-2, 7-3) also in-

e form of printed output. The periodic main-
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Included on the processor board is the A/D conversion system (Block 4) and a Multiplexer (Block
3). The AC input quantities (Block 2) of 4 currents and 3 voltages are analogue multiplexed to a
single sample/hold circuit, The sample/hold output is fed to an A/D subsystem (Block 4) which yields
in bits dynamic range. Each AC input is sampled 8 times per power cycle. (1/60 sec for 60 Hz)

The filter module (Block 3) contains seven low pass filters which provide anti-aliasing functions
and conditioning of incoming AC currents and voltages.

The interconnect module (Block 3) is used for interconnecting with other modules electrically. -

Located in the interconnecting module are optical isolatops (524, 52B). External Reset Pilot Enable,
_ Receiver 1, Receiver 2 Inputs) : '

Block 1 is DC/DC convertor power supply for the communications interface and alarm relays.
Power supply provides isolation from station battery system and includes overcurrent and under-
voltage protection. A failure alarm relay monitors status and provides loss of power indication. The
alarm relay is normally picked up, but will drop when the processor defects a problem on upon loss

of DC. The power supply (Block 1) generates DC voltages of - 24, + 5, — 12, + 12 V DC. These are
made available for various circuit.

Test switches between Block 2 and 3 provide high quality test and isolation functions and per-

mit‘convenient entry of current and voltage quantities trip circuits are also wired out through these
switches to provide for cut out of trip circuits,

Measurement and Range

The relay provides three zone distance measurement with optional pilots for additional zones,

cludes volatile Read-Write memory (RAM) for working storage and Nonvolatile RAM (NOVRAM) The operating characteristic for each zone is variable mho characteristic for all types of faults.
for storing the settings and targets when the relay is deenergized. A single Relay weighing 16 kg and size 19 " wide 7 high and 14" deep can perform several
, functions as mentioned in sec. 43-26 the table.
ISOLATION
TRANSFOR'MERS‘
SU%GE ANTIALIASING 3 5 .
2 TEST PROTECTION FILTERS PART III
o MICHES _— OPERATOR MICROPROCESSOR
Microprocessor and Microcomputer
" Y- — TRIP . . . . s . . s .
86 M CURRENT A microprocessor (1P) is a single package containing logic circuits of Central Processing Unit
v . g ‘ 8 oA _ plus various amounts of ‘depositary and conduit’ logic which surround a central processing unit
Veo — ] : J TRIP 1  (CPU). Thus the word ‘microprocessor’ means a specific electronic logic and packaging. The
a A U/g Micro | * ;IRL'; zsmm REY electronic logic must be equivalent to the central processing unit. The package must be a single
A =% ™ & ®lsystem PROCESSOR PILOT STOP KEY chip, packaged as a Dual Line in package (DIP). A chip in electronic language means microscopic
§ > BEL A electronic circuits created on a tiny silicone piece. The chip is mounted in a Dual In-line package
N [ - i 7" oureut BEL 2 _ (DIP). The microprocessqr has a single chip in a DIP.
e - "S‘éﬁ%‘é’ﬁ :l' ; In contrast a microcomputer has specific electronic logic incorporated in a variety of packages
o= L = RB1 including several DIPs and additional electronic. ¢circuits.
RAM —RBz Microcomputer is a product which contains all the functions found in a digital computer.
TRIP ALARM » : : : ,
3o 1B ] —— FAILURE ALARM Microcomp’uter may have one of the following configurations,
NOVRAM 1. One chip miérocomputer‘ has a single chip packaged in a single DIP and other electronic
2 - IsgLaTED , circuits, Such a microcomputer is called single chip Microcomputer. . ‘
520 — TARGET, DATA e 2. Multi-chip microcomputer has two or more chips and other electronic circuits.
52 —————— | I : ' :
PILOT RCVR1 CONTACT 6 -9 Microcomputer must have a central processing unit. _
PILOT RCVR2 INPUT TELEPHONE INCOM/LAN N . o . , A . o .
EXT. RESET ISOLATION INTERFACE inereace | 10 A Microprocessor is remarkably like a Central Processing Unit of minicomputer. Hence, it is
PILOT ENABLE . . : R

Fig. 43.24. Microprocessor Base Distance Relay.

(Courtesy : Westinghouse, USA)

generally called Central Processing Unit. However though there is a remarkable similarity between
| the Microprocessor and a CPU, they are different products.
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Microprocessor is a single package containing the processing logic. Adding the memory, intey. EPROM means Erasable Programmable Read-Only Memory.

face circuitry and other external devices converts the microprocessor into a microcomputer. By inserting required EPROM chips, special information that EPROM is to hold is inserted

_into the micro processor based relay.

An EPROM like PROM holds the information indefinitely once it has been programmed. One
_can read contents of an EPROM again and again.

The advanced manufacturing fechniques of microelectronics and digital sciences_ h?ve resulted
in the development of microprocessors. The complete ‘central processing unit’ of a minicomputer ig .
constructed on a single integrated circuit (chip) and is put inside a single package caued a
microprocessor. The earlier microprocessor built during 1970’s. were without incorpor.atlon of
memory in the same chip. Further advances of VLSI (Very Large Scale Integrated Circuits) have |
resulted in ICs containing CPU and memory units which form the heart of a single chip microproces.
sor/microcomputer. : : '

RAM (Randon Access Memory) is for working storage. It is generally understood to mean a
memory with both read and write capability in which the location can be accessed in any random
_sequence. In a very simple case, in a 8 bit microprocessor, 8 RAM chips may implement 8-bit

. , read/write memory words with each chip contributing to a word.
Microprocessor is an advanced programmable logic device designed to carry out specific process. . ‘ :

ing function. Microprocessors are used in digital protection systems for processing the digital in.
formation. > ’ ‘

RAM chip memory size is commonly described as ‘M x N’ chip, where M is number of accessible
units on a memory chip and N is the number of bits in each addressable unit,.

Non-volatile RAM (NOVRAM). Non-volatile RAM (NOVRAM) is used for storing settings and

A Microprocessor has minimum number of components. Once developed, a microprocessor : ;
targets when relay is de-energised.

based relay is manufactured into several tens of thousands of units. Therefore extra items are
avoided. '
; 43.28. ARCHITECTURE OF A MICROPROCESSOR

Memory Size _ '

The binary digits are combined to form a code which can represent a number. T}}e primary
level at which binary digits are grouped within the processor is the most important d§s1gn charaf:-
teristic of a microprocessor/minicomputer/computer and is referred as ‘w,orgl size’ An 8‘-b1t
microprocessor processes the binary data in eight binary digit units. The memory is organised into
8 bit units,

Fig. 43.25 gives a block diagram of a Microprocessor Based Minicomputer.

Microprocessor and Microcomputers are programmable and they perform the digital procéssing
operations as per the program. . -

r-____.__~______________;__'____7

The memory organised into 8-bit units is visualised as follows : " CENTRAL_ PROCESSING UNIT !
. ACCUMULATOR
By common convention the bits of a word are numbered from right (0) for the low order bit) to ,' AND | . II
left (7 for the high order bit). . ‘ | ¢ EGISTER |
: A - , | - |
The following table gives the distinction between microprocessor, minicomputer and computer, e STATUS |
Table 43.5 || REcISTER !
] v 1 l
|
. - : INPUT | P inpur - OUTPUT loutpPuT
Type of processor ’ i Word ‘SlZe —bits * *_:—W seLeer " ALU seLecT i
Microprocessor and Microcomputer 4, 6, 8, 12, 16 : | ¥ i
Minicomputers 8, 12, 16° 18, 24 32 64 : cLock —sl (;ONTROLUAND PROGR- lr
N IMING ~ UNIT

Large Computers 4 16 18 24 32¢ 64° ! T COUINTE I

4 P H > ’ ’ | | ;
* Most common for digital protection systems. ; INSTRUCTION :
@ Most common for Digital computers. | DECODE '

| L3
: o ?
. ' L. . G l
An 8-bit data unit is called a byte, A byte is most universally used data unit in computer ter- N ey s S |
minology. It is used when there is no 8-bit data word, ~ , N R R -]
A 16-bit microprocessor will often have memory words interpreted as two bytes. Il mﬁ m,o RY gg%(éRAM |
) |
Memory Addresses : MEMORY |
There are subtle differences between the use of memory in-a microprocessor and in minicom- ! DATA :
puter. In a minicomputer memory is simply a sequence of individually addressable RAM words, | MEMORY :
Le - - - - ___—_—__—_ _——

with address beginning at 0 and ending at some large number which depends on the size of com-

puter memory. Fig. 43.25. Block diagram of a Miéroprocessor based Minicomputer. The central

In microprocessor based product for example a microprocessor based relay, program memory Processing Unit corresponds to a microprocessor. Refer Fig. 46.5,

is in a separate replaceable EPROM chips.
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Central processing unit (CPU) shown in Fig 43.25 is the microprocessor. CPU contains ALU,
control and Timing Unit, number of important Registers and Timing clocks etc,

A microprocessor may lack some of the peripherals, but it must have a CPU. The logic of each
microprocessor differs widely from the other.

Program are instruction codes which are input to the CPU as means of the s'equential opera-

OPERATION MODE CONTROL )
RESET, STAND BY, INTERRUPT P9/ FRT, PWM,SC1 P8/ ANALOG INPUT

¥ g U

INTERRUPT CONTROLLER| |  PORT 9 J [ Pports i
DATA TRANSFER— —

cLock - Y CONTROLLER (DTC) sol 7087 A/D | [ = - tions to be performed. Program is stored in the memory.
Bus N1 5 O] | WAIT-STATE CONTROLLER CONVERTER | | v "TMR CPU Registers fetch the stored data from the memory. The registers are also called ac-
REQUEST a WATCHDOG TiMer | L{BCH) x ~ cumulators. An 8 bit microprocessor has 8 bit accumulator, CPU usually operates on the data
e CPU - v R YA — contained in register rather than accessing memory words directly. _
; 8-8 — | RUNNING @ | = peimisnnis ALU (Arithmetic Logic Unit). The actual data manipulation within the CPU is handled by
~ - [pwM TiMeR(3cH] (3 ch)(FRT) ol ' the collective logic called ALU. The ALU processes binary data. A 8-bit microprocessor has a ALU
BUS (N | & " RAM (1,024BYTES [ PROM (37 KBYTE) J E which will operate on a 8 binary digits. ALU performs the following functions.
CONTROL g ' . : , . ~ (i) Boolean addition (i7) Boolean operations
[ PORT 3 J r PORT &4 l l . PORTS J (i) Complement a data - (iv) Shift a data word one bit, etc.

CPU is built up to perform more complex processing of data.

Control Unit (CPU). The sequence of logic operations of the ALU is determined by the control
unit. The CU is in turn is driven by the contents of the instruction register.

8 U g

P3/D0~D7 P4 [AO~AT PS5/ AB~ALS

Fig. 43.26. Block diagram of a 16-bit Microprocessor. COI.ltI‘Ol an‘? Tlmlng Unit. ‘ - _ADDRESS BUS
Courtesy ; Hitachi, Japan. The basic operations of the ALU ‘ * R
‘ - of the microprocessor or CPU : 11 SERIAL DIGITAL
Specificati '{:ab}‘é %3t6M cocessor’ are governed by the control unit IEETR B o ‘ NP DATA |
‘Specifications of a 16-51t Microp (CU) and Timing Unit (TU). The PARALLEL DIGITAL
. . ‘ - g J). OUTPUTLg P ARALLEL
(Type H8/532 Hitachi) control and Timing Unit gets D—. CPU ROM RAM INTER.| DATA
CPU 16-bit H8/500 CPU reference timing signals from CLOCK ' FACE [ NALOGUE 0 ATA
ROM 32 kbytes (PROM/Mask ROM) external clock and CPU. 1l ]
RAM - 1,024 bytes [The data from data lines is DATA BUS
8'bit free running timer : 3 channels o placed by RAM is addressed CONTROL BUS
(3 input-capture registers, 6 output compare registers) memory word. RAM is able to

Timers 8-bit timer : 1 channel (2 compare registers)
PWM timer : 3 channels
Watchdog timer : 1 channel

~ Fig. 43.27. Architecture of System Buses in a Micronr b A
extract the data from addressed .lg rchitecture o ystem buses 1n a lclopl ocessor ased system

memory word and place it on ex- gg&i%eﬁ%ﬁmﬁﬁﬁ ot (Mieroprocessor)
ternal system bus data line]. v v

RAM = Random Access Memory (Called Read and Write Memory)
SCI 1 channel (Asynchronous mode/Synchronous mode) . Bus lines are classified into o
AD . Resolution : 10 bits, 8 channels (Single mode/scan four categories (F ig. 43.27)
" mode) ‘ (@) Address bus ,
.. 3 external interrupts (i) Data bus SOME SYSTEM

INTC ; %it‘iffymasl iggggupts (iii). Control bus BUS LINES
DTC On-chip data transfer controller ;;l:is (lj)lf:;‘l;’efo%e:;gfuiie
WSC ON-chip wait-state controller \ output signals are boostZd by : ‘ "STRONG" SIG NALS
I/O ports 57 input/output ports : | appropriate buffer amplifiers OUTPUT BY BUFFER

g ;;}igtp}}?(gté . : ‘ ' before.z connecting to the system BUFFER |
Package 84.pin windowed ICC : , ‘ bus hnf-:‘s. Buffer stm_‘es the _in- 7

80-pin OFP f formation temporalrlly during

 Process CMOS 1.3 4 | _ - ‘ the data trgnsfer. (Fig. 43.28) “WEAK” ‘

PWM : Pulse width modulation , |, Address Bus. One system SIGNALS
SCI : Serial communication interface " bus line is provided to every ad-  WHICH
PLCC : Plastic leaded chip carrier dress. Normally more address B U\;fﬁR
QFP : Quad flat plastic package. bus lines are provided than the 800ST

- ‘ | requirement, some for future re-
- Ref. Fig. 43.26 for Block diagram of this Processor. : ,

quirement. Fig. 43.28. Buffer amplifier weak signals before feeding to bus lines..
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Data Bus, System bus line is provided for each data bit of the largest word. More data bus
lines are provided, some for future requirement.

Control lines. Separate control line is provided to every control signal that may be output by
or input to any device,. .

Clock, Power , Ground. There will be generally more th%?,n one clock signal on a system bus.
Also a number of power lines are provided for the various devices. : . )

Random Access Memory (RAM). (Fig. 43.29-A) It is often called"reavc‘lv and w_rlte memory. A
RAM takes off data from data lines of the external system bus and places this data in an addressed
memory word. In addition a RAM must be able to extract data‘ from the addressed rpemlory W(t)rg
and places this data on external system data bus lines. Read/write memory is usually implemente
a number of RAM chips, with each chip supplying one bit of the data word. Generators control
signals necessary to operate various logic systems. : : : :

Fig. 43.27 illustrates a single RAM Dual-In-Line package (DIP) and Fig. 43.26 shows the con-
nections of an RAM, ROM and CPU by means of system buses. '

Read Only Memory (ROM) A ROM device requires following input signals :
1. Address of memory words being accessed

2. Aread control signal that asks the ROM device when to return the contents of the addressed
memory words, - . ’ :

3. Power and ground.

Only output signals of an ROM device are 8 data lines for an 8 bit word through which the
contents of the addressed memory word are transferred back to CPU.

ROM devices is built in the form of a Dual-In-Line package (DIP)
Fig. 43.30 shows connections of the ROM and Microprocessor with the bus-lines.

av ®
o 13 OTHER
PS:::N:'{ Vee .0 z2 Svg;TCEN CONTROL LINES
| @
¢ ——{6ND ROM Mz - , m; WRiE
AO fa—— - o . — x 0 DO- D7 DATA 8US
GROUND —Vcc e o1 A = A0-A15 ADDRESS BUS
=2 » ADDRESS 16 p ¢ 8 10
DATA <+—> D A2 [ DATA ba = As )
READ —+ R A3 ‘ | a—ps @ D — Ve Do —{vee AO A10-A15
—{Ww RAM  a4je— ( ADDRESS Pl o he ' ~—GND D1 —{ GND Al SELECT
WRITE S ] DG x AT [@— . 02 \__g? ﬁ; T
— S g . , —
e fo— DI PSR- S ——] A0 04 D2 5 Al
—— AG A6 L D7 - A9 p———] A 1 @ 0§ bt 03 5 A5
ADDRESS { ——={ A10 A7 foe—o s ke SELECT ﬁg 5: 8? gg ° 26
e R —
—a{ AN AB fa— ] N — 08 Ag
————A5 MR ~— 07 AS
i : ——1A6 e
Fig. 43.29-A. RAM - Random Access Memory. Fig. 43.29-B. A Read Only Memory. s g - —
Also called Read Write Memory (RWM). - f\\g % -
Q -
i i ' imi it 1 i f———1A10 © L
The control unit (CU) is separated from Timing Unit in some microprocessor. . A 2 —
The control and timing unit controls the main operational cycle of the processor and is caued — o=
the ‘Instruction cycle’. The instruction cycle has two phases (1) Instruction fetqh and (_2) Instruction ] 2 11 ; xxé«_r—-—
execution. During the instruction fetch the address of the next instruction is obtained from the R

program counter unit and transferred to the memory address register.

At the end of instruction fetch the CPU unit will have all the information required to control
the instruction execution.

External Bus System

Fig. 43.30. Connections of ROM, Microprocessor with Data Bus,
Address Bus, Control lines.

Input/Output. (Fig. 43.31 A, B) The transfer of analog data, digital data, between the
CPU/RAM/ROM within the microcomputer and the external system beyond the microcomputer is
called input/output and is designated as I/O ‘ '
The interface between the microcomputer system and the external logic must be clearly defined.

It must have provision to transfer the data and also control signals that identify the events as
they occur. ‘

Fig. 48.27 illustrates bus oriented architecture of a microcomputer system. A bus denotes a
channel along with data is transferred. It refers to the physical connection of datg pz_:lth. The ar-
chitecture shown in Fig. 43.26 is preferred in many systems because it provides flexibility and easy
expansion. :

The Microprocessor (CPU); Read only Memory (ROM) and Read-Write Memoryi(Ran(ilom Acce_zss
Memory - RAM) Clock and many other devices each connect to a group of parallel signal lines which.
are collectively called as an external bus system.

Physically, the bus system consists of a number of parallel condgctors. _In tpdays microcom-
puters, these conductors are in the form of metal lines etched on a prmted c1rcu'1t card (PQC) e.g.
There may be 100 parallel lines in an external bus circuit. These lines are assigned to different
signals arbitrarity. The buses are not standard and each manufacturer has his own method of rout-
ing and naming to the bus system. ' '

ROM in a Dual-in-package pins and signals ROM may have eight data lines for 8 bit word via
which the contents of the addressed memory are transferred back to CPU. .

.

There are many ways by which the data transfer at /O state takes place between the external
system and the microcomputer, -
1. Programmed /0. In this case the data transfer between the microcomputer and line ex-

ternal circuit is completely controlled by the microprocessor, or more precisely by the pregram fed
to the microcomputer.

The microcomputer system requires input program based on which it waits for external logic

Input to place data in some predetermined location, I/O communicates with the operator via,Man
Machine Interface (MMI). ‘

Fixed Function Programmed Systems. Fixed Function Programmed Systems has a fixed
Program input and is constrained to perform a prescribed and fixed sequence of instructions. This
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. 3. Direct Memory Access. The form of data transfer at I/O stage allows data to move between
0 g? the microcomputer memory and the external logic without the microprocessor in the data transfer.
? D2 High Performance IC Memories.

’ 03 { DATA LINES Microprocessor Unit with high performance are built with fast integrated circuit (IC) memories
0 ( ! g
1 g: ‘ of following types : ' :

1

Rl g : J DRAM Dynamic Random Access Memory
0 e A

/o PINS SRAM Static Random Access Memory
1° - ° EPROM Electrically Programmable Read Only
o} — 0 . Memory :
1] 1 FRdM . , SAM " Serial Access Memmory
o[ |~ ® | EXTERNAL . . ‘ : Co L
O 0 | .. The microprocessors operated at 20 MHz has memories with access time in the range at 15 ns
g — Locic _ to 85 ns. : ~
1 ' 1 B
] ! 43.29. PROGRAMMING OF MICROPROCESSORS BASED RELAYS
of | /o Po R‘; E;UFFER Micr‘oprodessor. based relays are supplied by the manufacturers for specific applications e.g.
Fig. 43.31. (A). Input/Output, Port Buffer and Data Buses. — Microprocessor based relay for motor protection
~— Microprocessor based relay for transmission line protection
¢ o — Microprocessor based relay for generator protection
CO-CN N > g;:igm — Microprocessor system for substation protection and control
WRITE >l LiNES — Microprocessor based fault recorder, etc.
READ 8 ") The manufacturer furnishes guidelines for selection of the relay with appropriate built-in
DO-D7 v & DATA LINES software for the microprocessor.
AG-A1G 18 . t?sgsess

A single microprocessor relay has provided several possible combinations of protective functions
with a wide range of setting for each function.

1/

The desired protective function and range can be selected by means of ‘Mode Selector’. Mode
ctor is in several steps. The settings can be made easily in ‘User friendly’ manner. The

sele

the relay (e.g. blocked, start, trip, signal, self retention etc. illustrated in Fig. 43.21. Block 6.
Disturbance detector detects disturbance in protected circuit and th

y if the Microprocessor monitoring interface and Disturbance detector h
of fault. Tripping due to malfunction of relay components is prevented.

In some more complex relays the programm is
mory. The manufacturer inserts the appropriate
is changed, the program chip is changed.

1/0 BUFFER

e trip output is possible
ave ensured the presence

in the form of a separate chip on a EPROM
program in the relay. In case the application

Fig. 43.31 (B). Various bus lines to which I/O Buffer is connected.

type of system does not have a capability of software control to select between two alternative se-

quences of instruction. The applications function of such system can be altered only by changing
the program.

In microprocessor based relays, the fixed programmed system is preferred.

Program Memory is in separate easily replaced EPROM chips. The program memory chip is
selected for using the relay for a specific application.

A fixed function programmable relay is forced to execute fixed sequence on instructions based
on the programmed logic.

. Interrupt I/0. Interrupts are a means for external logic to force the microcomputer system
to sfspend whla)\tever it is culr)rently doing in order to at'c.end the needs of exte}‘nal logic. Moit
microprocessors have control signals via external logic which can demand the microprocessor a -
tention. This signal is referred to as an interrupt request. Thp external loglc ask; the mli{roprocessm
to interrupt whatever it is currently doing in order to service the more immediate task.

43.30. SELF-CHECKING AND/OR SELF MONITORING IN MICROPROCESSOR
BASED RELAY

The micro

processor based relays are designed for continuous self monitoring and/or automatic
self checking.

By self checking/monitoring function the relay is in a
likely malfunctioning/failing of internal component,

Fig. 43.32 illustrates the circuit of continuous monitoring subsystem in a microprocessor based

y. The vital component is a disturbance detector. This detects the disturbance in the protected
circuit (transmission line) by measurement of negative sequence currents. :

position to report locally and remote, the
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] DISTURBANCE
DETECTOR

MEASURING .| SCHEME
FUNCTIONS LOGIC

MONITORING POINTS
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s TRIP OUTPUT

DELAY

COORDINATION —tf ==

TIMERS

MICROPROCE SSOR MONITORIMNG INTERFACE
Lo R S L I S

|

ALARM

beeete= BLOCK TRIP
I

Fig. 43.32. Interface of self-checking of Microprocessor based relay with Disturbance Detector.

If the relay attempts to trip falsely because of malfunction within the rglay, but the distuybalncle
detector sees no disturbance in the protected line, the tripping is bl(')cke.d. Flg.’43.33 shows prmci{p (ei;
of self checking in a microprocessor based relay. The important circuits which should be checked

have been indicated.

Digital relays are designed for continuous self monitoring or automatic self checking or both.
There is a considerable difference between the manufacturers an

+21.v——[

VOLYAGE REFERENCE
AT LEVEL-DETECTION
MODULE

-

LEVEL-DETECTOR
VOLTAGE REFERENCE
MONITORING CIRCUIT

-

LEVEL DETECTOR AND
COMPARATOR CLOCK
PULSE GENERATOR

LEVEL DETECTOR AND
COMPARATOR CLOCK
MONITORING CIRCIMY

-

ALARM
CIRCUIT

VOLTAGE TRANSFORMER
SUPERVISION MODULE

VOLTAGE
| INPUT

+12V
+ 5V ——

=-12VY —eed

SUPPLY. RALL
HONITORING
CIRCUHY

—

SCHEME LOGIC
MICROCOMPUTER

HMONITORING
‘ CIRCUIT

SELF-CHECKING

SIGNALS

L COMPARATORS

]

A;A‘ICROCOMPUYER
CLOCK

Fig. 43.33. Block diagram of self checking of critical comgporents
and circuits in a microprocessor based.relay,

between self monitoring and self checking feature.

Analog signals pass through the internal measuring-circuit selector _and the AID converte(air :0
the selection logic, together with the 16 units of binary event informatl'on added pere, the la a
when passes to the memory, where it is decoded in “1 out of 512" form in a decoding agd driver

stage.

d the users regarding the choice

MICROPROCESSOR BASED RELAYS

on-occurrence of a fault without restriction.

These are multiplexed in the multiplexer and

Microprocessor helps in comprehensive operat-
ing functions, automatic fault diagonals, record-
ing and operating unit status.

—————————————— T then converted into digital signals in A/D con-
— | verter. The digital signals pass through selec-
TRIP tocaL } tion logic which mixes in 16 binary events units
DATA | DISPLAY i before the information reaches the memory.
' : A microprocessor controls the operating se-
MONITOR SERIAL .| TO RS 232 quence. It does not contribute data flow. Data
DATA pata LINk! | TP 1523 flow is handled by systems hard wired logic.
. .
{
T
|

If fault situation arises, the microproces-
sor activities the chart rotor motor and con-

current time and data and also memo
failure. ‘

The
dia.
functions,

substations.

the point of fault.

Prelocation of results.

. i 1
Analog inputs are currents and voltages.

in Fig. 43.24) is with a permanent lithium batter

ANALOGINPUTS
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43.31. ON LINE MICROPROCESSOR BASED FAULT MONITORING

During recent years, fault monitoring systems are being incorporated along with the protective
relays. Fig. 43.34 shows a block diagram of a Microprocessor based on line fault monitoring system.
It provides for on line fault recording, which means that oscillograms are printed out immediately,

BINARY EVENT INPUTS
8 11..48) 19...116

MULTIPLEX
3| SELECTION MEMO- DECODING
o LoGIC RY é;«o DRIVER
512 ELECTROD
v w
PROCESSOR
T
OPERATION

SEQUENTIAL CONTROL

Fig. 43.34. On-line Fault Recorder.
(Courtesy : Siemens)

trols the recording sequence without interrupting the fault‘monitoring function,

The control system continuously scans all the elements for the inputs of comménds (switches
and keys) and enable program selection and parameter input by the user. A clock circuit (not shown

y backup which provides the microprocessor with
y space for storing operating parameters in the event of power

Metalized paper aluminium impregnated paper with a speed of 500 mm/s is used for recording.
current pulses are given by electrodes in 5 us duration. There are 500 electrodes of 0.2 mm
Selected electrodes are activated in a sequence. Pulse sequence ensures recording of sinusoidal

43.32. MICROPROCESSOR BASED FAULT LOCATORS

The distance protective relays for transmission line protects the transmission line from phase
faults and ground faults. For permanent fault, the lines-men should reach the fault location and
carry out the repair work (e.g. repla¢ing procelains, faulty conductor, fallen tower, tree branch, etc.).
To carry out these operations quickly the exact location of fault should be known from the terminal

7

Fault Locator. It is an essential complement to distance protective relay for transmission lines
and fault recorder. Fault locators are installed along with distance protection scheme and fault
_ recorders. Fault locator measures and indicates accurately the distance between the substation and

Fault Recorder can also be combined with a fault recorder and printer for Ifecordix/ig the distance
to the fault and fundamental component of fault current prior to and after the fault.

Fault locator is connected to the secondary CTs and VTs of the line.

Under normal conditions, the fault locator monitors three phase currents and the ground cur-
rent, voltage input signals continuously. The operation of the fault locator is with following steps
(1) Data Collection (2) Starting of fault locator (3) Sorting of Measured Instantaneous values (4)
Filtering of Measured signals (5) Determination of type of fault (6) Solution of fault equation (7)
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. . ‘and tored ﬂ Table 43.7. Functions of the Blocks of Fault Locator
The input analog signals are converted into digital signals in A/D converter and are stored in

memory for every six cycles continuously. , . BII\‘[’; Title of Fig. 43.35 Function
When a fault occurs, trip circuit from the protective relay initiates the fault locator’s calc_ulatmn ; - ‘
program. The prefault sample values and during fault sample values are used for calculating the Relay Input — To receive starting signal from distance relay.

distance of the fault. The calculation of distance is based on the principle of distance relays. The

; — Receive signal regarding faulty phases from distance relay
fault distance is shown as percentage of total line length on two digital front mounted LED display,

— To give starting input to fault locator

Fig. 43.35. illustrates the block diagram of the microprocessor based fault locator. Input Unit ' To receive si@als fro.m CT, VT and to feed to A/D converter via Filters.
) Low pass Filter ~ To filter the ahalog signals
INPUT SIGNALS FROM Multiplexer To send the signals sequencially to A/C convertor.
#,"?PE p:':gTEE:JL'gCNmNMECAUSR%RE':& TRM:,%T_?AR::: Hold To hold the signal for a brief time period before.sending to A/D converter.
e N ~ K * A/D Converter To convert analog signal s to digital signals. '
Ll l l ‘ l 1 l 1 3 1 l I L Microprocessor Processing of measured digital signals and calculate the fault distance. Feed
1 I RELAY INPUT I , INPUT TRANSFORMERS l 2 output to printer, telemeter and LED indicator.
Data and Program — To store data for processing
FILTER 3 Memory. — To store programme in memory for instructions to microprocessor
LOW PASS Interface adapter. Connections between microprocessor and peripherals.
LED Indicator Indicates Fault Location and percentage of line length.:
MULTIPLEXER| 4 Telemeter output Give output data to Remote terminal unit via telecommuncation line.
b Printer output — Presents results on printed paper indicating the following :
f
proto crcur

HOLD CIRCUIT| § 1. Values of current, voltage in faulted line prior to and during fault.

COLLECTION OF 1, 2. Timing of fault.

IN PARALLEL LINES [ :
6 ! The Microprocessor (Block 9) executes the following control and calculating functions :
CONVERTER { — Collection of measured values. '
7 8 | — Processes the measured values and calculates the distance between the CT/VT and the fault
——-{ MICRO PROCESSOR }""l?é‘;‘m ?Agmpo';g ,: (propor tional to calculated ZL) .
| — Present the percentage fault distance on the indicator.
. 10 E — Feeds out calculated distance to the fault on an indicator.
oren ' [PARAMETER T 1' — Returns to normal measuring mode after a line fault.
PERIPHERAL INTERFACE. ADA SETTING |, . — Determines the type of a fault when a built in phase selector is used Block 8 constitutes
o the following Memories of the Fault Locator (FL),
— PROM Programmable Read Only Memory : for the control and calculation programs.
'[Leo-molcmocq TELEMET ER] l gﬁ;‘:{lﬁu — RAM (Random Access Memory) for storing measured data and apart result during distance
n

I 7 ‘ ] determining sequence.
_ The results are available to the operator in the form of alphanumerical printed output (13) and
Fig. 43.35. Block diagram of a fault locator. (Courtesy : ASEA, Sweden) LED Indication (11). Results can also be transmitted by means of telemeter output (Block 12) to

Remote Terminal Unit (RTU). Table 43.4 summarise the functions of various blocks within the fault
locator. .

Block 1 receives input signals from Line protection viz Line trip signals f_'or ﬁrst.an‘d pal."allel
line, phase selection signals which identify the type and faulty phase. The recel.pt of tripping signal
constitutes the starting signal for the fault locator. The measured values received by block 2 from
cycles immediately prior to and during the fault are stored in the memory.

Block 2 receive line currents and line voltages from secondaries of CTs and VTS. Block 3 filters
the input signals. Block 4 is a Multiplexer which is successive order trangmits the signals gmegsx.n’ed
values) to Block (6) A/D convertor via hold circuit (Block 5). The function of the hpld cn’cmt'le:. to
retain signals for the period of time required by A/D. Converter to converter, the signals to digital
form, The rate of measurement is chosen such that 24 measurements are made per cycle on each
current and each voltage signal. :

43.33. PRINCIPLE OF FAULT DETECTION IN ON LINE DIGITAL RELAYS, FAULT
LOCATORS AND FAULT RECORDERS

~ The ‘On Line’ protection control and monitoring system is connected to the power system via
input Module and CTS/VTs.

The current and voltage in the power line are continuously monitored by the CPM system, cycle
by cycle.. '

Measured signals stored in memory and the relationship between different time periods is il-
lustrated. When a starting signal is transmitted to the relay, 9 cycles of information is already
stored in the memory. About 2 cycles are stored after receipt of starting signal.

igi » i the correct

The measured digital values are routed through the microprocessor (Block 7) to orrec
addresses in the memory capsules (Block 8). In these the values measured during the previous 9
cycles are stored. '
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The microprocessor based device (Relay/Re-

2P
corder/Locator) performs the one-line function as [ LoaD If AULT
follows. 1p F Mp

Input signals are received from secondaries
of CTs and VTs. These are converted in digital
form in the A/D module.

Sample measurements. Sample measure-
ments are taken for each measured quantity for
every cycle of the waveform continuously (e.g 24 ]
samples per cycle) Each sample is compared with
the corresponding sample of previous cycle (Fig.
43.36). When the power line is healthy sample S,
of next cycle will have the same value as the pre-
vious sample S;.

If a fault occurs in the power line during the period S; to Sy, the measured value of the sample
(Sp) will differ from corresponding value of previous cycle S;.

If the difference S,-S; is in excess of permitted tolerance, the presence of fault is detected,
Thereby the PCM system follows the sub-routine corresponding to a faulty condition immediately
and the following actions are taken.

1. Protective relay initiates tripping and autoreclosing actions.
2. Fault recorder gets starting signal from the protective relay and performs the recording of
currents and voltages of approximately 9 cycles, which include 2 periods prior to the fault ;
- Fp.
3. Fault locator is also initiated and indicates the location of fault in terms of percentage of
the length (e.g. 40% L).

In the normal conditions, the memory keeps information about currents and voltages for every
9 cycles continuously in the event of a fault the record of 9 cycles is derived from memory by the
microprocessor and given to the printer output, telemeter output.

2P

0170 0.6P

TOTAL MEMORY 9P

Fig. 43.36, Memory storage in a fault recorders and
various microprocessor based relays.

Application of Protection Relays
We now know that the main objectives of Relay Protections are :

— To ensure protection of the apparatus & equipment connected to the system

— Protection of persons and property

— To separate the faulty system immediately from rest of the system so as to facilitate the
continued operation of the healthy part of the system.

So far, in previous sections, we have studied the various types of relays & their functions. We
shall now give an example of its application in a power plant.

Protection Requirements of a Power Plant

The generator, transformer, Switchgear, feeders & other equipment are provided with protep—
tions against all possible electrical faults usual for such networks, the main objectives being to avoid
damage to the equipment as well as to avoid unwarranted trippings.

The fault possibilities/abnormal conditions which are normally encountered during the opera-
tion of such equipment or system are :-

(a) Generator-Transformer Units

— Earth faults in stator and rotor
— Multi-phase faults in stator windings & transformer windings close to terminals
— Single phase ground fault in transformer windings & its terminals

i
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— Inter-turn faults in transformer windings
— External symmetrical & asymmetrical short-circuits
— Pole slipping conditions
— Negative phase sequence currents
— Over-loading of stator windings
— Over-loading of rotor windings
— Breaker failure
— Over-voltage/under voltage conditions
— Sudden energisation of the machine when standstill
— Insulation leakage at HV/LV terminals of Generator Transformers
— Ground fault in generator excitation circuit
— Loss of excitation
— Asynchronous condition of .generators
— Under frequency conditions
— Reverse power flow conditions
— Transformer over fluxing
— Incepient Transformer faults
— High oil & winding temperatures.

(b) Station Auxiliary, Unit Auxiliary & Excitation transformers

— High temperature of windings
— Over-load

— Multiphase faults in windings & at terminals
— Earth faults :

— Under voltage
(c) HV, Switchgear
— Multi phase and earth faults in buses & bus-coupler

—— Mal-operation of circuit breakers
— Multi phase and earth faults in bus-coupler

(d) Shunt Reactor (Where ever Connected)

— Multi phase and earth faults in windings and at terminals
— Mal-operation of circuit breaker
— Oil Level low

— High Winding temperature

(e) HV Cables

— Multi phgse and earth faults

() Feeders (Transmission lines)

— Multi phase and earth faults
— Over voltage conditions '
— Mal-operation of circuit breakers
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Generator & Transformer . Summary
87G Generator Differential . . Mlciloprocessor comprises a Central Processing Unit (CPU) of a digital Computer. A microprocessor
64G1/64G2  95% & 100% Stator Earth Fault _ Ishoused in a DIP. | |
64R* Rotor Earth-Fault Microprocessor performs digital data processing functions in protective relays. Microprocessor,
46G Negative Phase Sequence Current based relays are being increasingly used for busbar protection, line protection, motor protection
37G Generator Reverse Power otc.
49S Stator Thermal Over-load . . . . )
21G Generator Back-up Distance Protection for external faults Special features of microprocessor based relays are their self-checking properties,
410G Loss of excitation multl-fulnctlon capabilities, memories, facilities for disturbance recording, fault locating,
L eX( ternal communication interface, etc '

78G Pole slipping ex _ , ete. .

59G Generator Over-voltage Microprocessor based relays are becoming commercially successful and they are replacing ear-
81 U/O Under/Over Frequency Protection lier analog relays. :

27/50G Dead Machine

60G1, 60G2  Voltage Balance Scheme for VT circuit failure QUESTIONS ‘

gZé‘T ?SII\X/FTMS/)E} rgiiré:nggllefl“o?g?e?::fsformer 1. Descri.be by means of a block diagram the various essential components in a Digital Relay (Ref, 43.19).
64RT REF Protection for Gen. trans. former 2. Explain how a decimal number is represented in a Dual (Binary) Code (Fig. 43.20).

51NGT Gen. Transformer Neutral Grounding Back-up Protection (IDMT O/C relay) 3. State ?:he various components in a Microprocessor based Microcomputer (Fig. 43.25q).

99GT Generator Transformer Over fluxing 4. Explain the term ‘Microprocessor’ and State its functions.

98T Monitoring of Insulat'}on of HV bush}ng for Gen. Transformer 5. Explain the bus system in a Microprocessor based minicomputer (Fig. 43.26). State the functions of
59T Monitoring of Insulation of LV bushing for Gen. Transformer G) CPU (i) ROM

87GT Overall Differential Protection for Gen. and Gen. Transformer (i) RAM (iv) Interface

50U/51U Instantaneous and IDMT O/C Protection for UAT. 6. State the functions of following components in a Microprocessor based relays.

64RU* Restricted E/F Protection for UAT (i) Buffer (i§) Program Memor

5INGU* O/C & E/F/Neutral Back up Protection for UAT (i#) Data Memory (iv) AL%; y
‘50E/51E* Instantaneous & IDMT O/C Protection for Excitation Transformer. (v) Register (v Clock

50EI/51ET* Instantaneous & IDMT O/C Protection for Independent Excitation system (vid) Control and Timing Unit ‘

505/51S Instaptaneous & IDMT O/C Protection for SAT 7. State and Explain the special features in a Digital Relays as compared with analog relays.

64RS* Restricted E/F Protection for SAT 8. Explain the function of Self checking/Monitoring feature in a Mi

51NGS* O/C & E/F/Neutral Back-up Protection for SAT . Exqlain the fanctt g/ Vonitoring feature in a Microprocessor based Relay.

50Z Local Breaker Backup Protection . Iixplain the function of fault by recorder by means of a block diagram.

63T* Buchholz Relay for Gen. Transformer

v 95G Split Phase Protection for inter-turn fault
Protections for HV Buses '
87AB Differential main & stand by Protection for each bus bar (High impedance or
low impedance)

507 Local Breaker Back-up Protection (for bus coupler)

Protections for Shunt Reactor

87R Differential Protection

50Z Local Breaker Back Up Protection

64RR Restricted Earth Fault Protection

21R Reactor Back Up Distance Protection

Protections for HV Cables for each feeder

85 Differential Protection

67/67(N) Directional Over current and earth fault back-up protection

Protections for Transmission line

21L1 Line Distance Protection Main-I

2112 Line Distance Protection Main-II

59L1 Over Voltage Protection

59L2 Over Voltage Protection

79L Auto Reclose Relay

507 Local Breaker Backup Protection

R ——————————._
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43.34. INTRODUCTION

Electrical Relays made the operation and performance of any electrica? installation safe ‘& to‘a
large extent hazard free. The first generation electro-mechanical relays or devices per.formed their main
functions of alarm or trip effectively. However, their utility was limited to those func'tlons only for which
they were intended i.e. trip & alarm to, It also involved lot of hard wire connections ; Subsequen'tly
with the passage of time, Static relays & integrated circuits were introduced for to most of the protective
functions. ‘

These static & integrated circuits could were successful in combining fev‘{ protective relay fune-
tions but it did help much in reducing the quantum of cables or in information exchange from the
relay to the operator the control room.

The advent of technology has now made it possible to talk to the relay.s, this ha.s become possible
through modern numerical relays. These relays not only perform protection func‘tlon.s, but g1§9 pro-
vide auto-closing, measurements, disturbance recording & above all commumcatfmn facﬂltles. &
software programmable through standard functions and algorithms. They can be integrated w1tb
Modern Supervisory & Data Acquisition (SCADA) System.

43.35. NUMERICAL RELAYS

Numerical relays are digital devices designated to carry out protection functions of various
_electrical equipment such as generator, transformer, transmission lines, motor etc. As opposed to
" the electro mechanical and static relays which take the inputs from the current and voltage trans-
formers directly, the digital relays/numerical relays take the transduced form of the current and
voltage outputs from the current and voltage transformers normally in the range of 0-20 mA. or
4-20 mA. The analog signals so taken as inputs are filtered squared and digitized. The protection
algorithms take these digitized inputs to perform the calculations necessary to achieve the protec-
tion functions for which that particular numerical relay is designed.

Numerical relays are being used for electrical protection functions such as:

— Differential protection — Restricted earth fault protection

— Overvoltage protection — Over current protection

— Stator earth fault protection — Thermal overload protection

— Negative sequence protection — Loss of excitation protection

— Distance protection — Opver excitation protection ete. ;

All the protection functions which can be achieved with the static protection relays are achieved |
by the numerical relays also with the same or better accuracy. The numerical relay achieves a lot
many functions such as man-machine communication, connectivity to remote computers, network-
ing etc.

In addition to the above, there are some protection functions, which are achieved with a lot of
difficulties using static circuits, and still the final outcome is not quite satisfactory. One example
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of such a protection is negative sequence current function. This protection is designed to operate

above a particular limit of unbalance in the load connected to a generator. The negative sequence
currents result in heating of the rotor of the generator. The analog circuit for this protection requires
120° phase shifting network, which requires sinusoidal currents, In a numerical relay, the negative
sequence current is calculated by summing sampled of R, Y and B taken at 0°, 240° and 120° in-

tervals respectively. From this suniming, the I% value is calculated. This value is zero even for non-

sinusoidal currents as the three phase currents for the same amplitude to wave shape and also
they are phase displaced by 120°,

Advantages of numerical relays

— The output of one current transformer can be used as input to many protection functions.

— The burden on current transformers is substantially reduced due to a very low burden im-
posed by digital circuits.

— As many functions are done by one numerical relay,

independent relays for each of the functions.

The settings can be done from a remote computer or the local MMC.

The service and faulted values of the relays can be accessed either from a remote computer

or from the local MMC.,

Selection from a variety of characteristics is possible. This will be useful if one feels the

necessity to alter the originally selected curve/characteristics based on operation experience.

Some of the latest numerical relays share the same hardware for protection of different

electrical equipment such as generator, transformer and transmission line. Only the spe-

cialized software required for carrying out these protection functions needs to be changed.

This helps in reduction of inventory, as most of the modules are interchangeable among the

different numerical relays. "

The software can be programmed/modified at site to change the tripping logics such as in-

clusion of timer, changing of tripping sequence etc. Due to self-supervision feature, internal

faults in the relays are detected as and wher they occur and as such, there is no necessity

of periodical testing of these relays.

Due to reduction of number of components and also due

with built in control to prevent mal-functioning,

security compared to the static relays.

Recursive algorithms can be achieved easily on a numerical relay. But, precise tuning is
required in case of analog circuits.

a lot of space is saved by eliminating

to the fact that circuits are provided
the numerical relays will also increase the

However, with all the above advantages & convenience they offered, the numerical relays, suf-
fered from one major draw back i.e. not understanding & interpreting the language of other relay,
if the vendor is different. This problem is referred to as Protocol matching. This problem arised
because now a days, the majority of the protection and control equipment is available with vendor
specific hard ware-oriented solutions which has given rise to a large number of manufacturer
oriented communication Protocols making it in convenient & costlier to make the two systems of
different manufacturers to communicate with each other:, even devices belonging to different
generations from the same manufacturer cannot communicate with each other & to make them do
so involved an appreciable expenditure.

43.36. TRADITIONALLY SEPARATE NETWORKS

Over the years, networks have been developed to respond to the different information flows
and control requirements involved in different processes. The usual corporate IT network supports
traditional administrative functions and corporate applications, such as human resources, account-
ing, and procurement. This network is usually based on the Ethernet standard.
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The control-level network connects control and monitoring devices., m.cludmg pr;nga;n)m;}b;l_e
logic controllers, PC-based controllers, I/O equipment, an_d human-machm_e interfaces ( : (':ew alS
network, which has not been Ethernet in the past, requires a router or, in mf)st (iastgs, a; % e r}j
to translate application-specific protocols to Ethernet-based protocols. This tr anska. ugn : S infor
mation pass between the control network from the field and the corporate network infrastructure.

The device-level network links the field I/O devices, sensors, trangducers a_nd ac@t;‘at;l(ér% etc.
Inter-connectivity between these devices was traditionally achle_ved with a variety é)f ield buses
such as Device Net, Profibus, and Modbus. Each field bus has spe_mﬁc power, cable, alr} (;(_)mmt;mcai-
tion requirements, depending on the application it supports.'Thls has lead to a rl?;llca 1051 o m:r;
tiple networks in the same space and the need to have multiple sets of spares, ski .s, and supp
programs within the same organization. -

Instead of using multiple networks architectures, Industrial Etherpet can unite an orgamstatxons
administrative, control-level, and device-level networks to run over a smglg networl; mfrastr_uc ur:il z;z
shown in Fig. 43.39. In an Industrial Ethernet networks, field bus-speqﬁc information that 1sBuse
control I/O devices and other manufacturing components is embedded into _Ethernet f'rames.'t Secause
the technology is based on industry standards rather than on custom or propnetgry standards, i 1s‘ more
interoperable with other network equipment and networks.

Plant I Plant Plant
Control E Control g || Controt
Device ]I Device ﬁ Device @@
Yesterday Today Within 2 years ‘
Technology s> Gemsp = <>
Ethernet Control Bus  Device Bus

Fig. 43.39. Growth of Ethernet to device level.
43.37. ETHERNET JUST A PHYSICAL LAYER STANDARD

Ethernet has been successfully used in the office automation for many years. It was orlglpa}lly
invented by Robert Metcalf at Xerox in 1973 and patented in 1976 and further .promoted by Digital
and Intel. It is typically used in office local area networks that later evolved into the IEEE 802.3
specification. Today this technology can deliver performance frqm 10 Mbps (10 BASE-T) to 10 Gbps
(10 'gigabit_ Ethernet) on twisted pair copper cables to fibre optics.

Station

Transceiver

X

I|C

Interface Cable

Tap

Interface /
Controller

The
Ether

Fig. 43.40. The famous original concept drawing of Ethernet by it's inventor.
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an Industrial Ethernet network, field bus-specific information that is used to A
and other manufacturing components are embedded into Ethernet frames. Industrial Ethernet

usually requires more robust equipment and a very high level of traffic promotization as compared
to traditional Ethernet networks in a corporate data network.

various manufacturers use the
the so-called German VDEW-
through IEC 60870-5-103. The

in their own way makes the products non inter-operable with the products with IEC 60870-5-103
standard.,

data), measurement data, supervisory control, power transformer,

in a substation are split into small entities, which communicate with each other. These entities or
objects called Logical Nodes contain all the
municated. All the Logical Nodes of a com

function model has to be a complemented by a physical device model, which describes the common
properties of the device. On occurrence of any change of state, IED multicasts a hi
called Generic Object Oriented Substation

sisting of MMS, TCP/IP, and Ethernet.

The IEC 61850 standard is now ne
invol_ved in the standardisation worlk since the beginning,
interoperability tests, which have been positive,

IEC61850 is a single,

safeguards the investment

is independent of the development of applications. Besides it provides the benefit of the latest com-

munication technologies for enhancing the performance of the controls and protection system.
Details of IEC 61850 are described separately.

IEC 61850 - Concept, benefits & design

1. Concept
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The industrial world is now catching onto Ethernet as a supplement to existing field buges. In

control I/O devices

Ethernet is achieving more acceptance in the industrial automation world, but Ethernet in itself

is just a physical layer standard and various type of application layer protocols can be used on this
medium, o

43.38. THE IEC’s INITIATIVE

equipment and tele-control :

Currently IEC too has the following three distinct standards for network access, protection

— IEC 60870-5-101 Companion standard for basic tele-control tasks.

— IEC 60870-5-103 Companion standard for the informative interface of protection equipment,
— IEC 60870-5-104 Network access for IEC 60870-5-101 using standard transport profiles.
IEC-60870-5-108 standard is generally in the monitoring direction for protective equipment but
private range of the standard through a few extensions defined by
recommendations for implementing some of the control functions
nonuniformity of using the private range by various manufacturers

With a goal to provide uniform standard for inter control center communication and substation

to control center communications, a new international standard called IEC 61850 - “Communication
Networks and systems in substations”

free allocations functions between the electronic devices (IEDs) for protection, monitoring, metering,
control and automation in substations ;

systems in terms of functional performance, cost, availability, expandability and maintenance.

has been developed. This will provide inter operability &
This new standard is expected to provide optimally designed

IEC 61850 divides the data into logical groups, viz., protection data, switchgear data (status

etc. All the functiong performed

function related data and their attributes to he com-
mon application are grouped in Logical Devices. This

ghspeed message
Event (GOOSE) message. o

The data model including its services is mapped to a mainstream communi‘catioiiatack q:bm
ar its completion. Utilities and manufacturers have been
and have taken part in pilot projects and

global and future-proof standard for substation commuﬁicgﬁiﬁhs which
of the end user because the development of the communication network

The main goal of IEC 61850 is Interéperability, i.e. the ability of Intelligent Electronic Devices
Ds) from one or several manufacturers to exchange information and to use it to perform the
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functions in an automation system. The approach of IEC 61859 is to §ubd1v1de fﬁncm}c‘;ni ﬁnl‘i)o jt;lj
smallest possible objects called Logical Nodes which communicate with ea.ch 0 : er. ue?i ServgiceS
node has its own set of data. The data are exchanged fo}lowmg the rules VthCh auet ca1 e .
These generic data and services are mapped to a man.lst?eam commumcatlon/ls :1(:( c:n};gomcogl
Manufacturing Message Specification (MMS), Transmission Control Protocol/Interne
(TCP/IP), and Ethernet. ' ' ;
Operational information and configuration information are t:,ransferred in cl‘lent-sgrv‘gg mCo0 Icla
Operational information, such as status and control, is ‘standar.dlsed‘ and of medmptl pl%‘(:;l g\;rther
figuration information, such as file transfer and changmg settmgs., is of low prlct)ré y. f(in arther
types of message are exchanged under stringent real-time cond1t1ons. The ﬁys type Od' ationg;f
contains one or a few bits of information and is mostly for blocking, rglease, trlppmg;, 1f1 tlfl o
position of switchgear in automatic sequences, interlocking, protect.lon as well as 03 ; be1; tg a
exchanges between peer devices. This type of message is called Genenp Object-Oriente 1u S aduzn
Event (GOOSE). The other type is for Sampled Values, uséd for sending streams of analogue data
such as current and voltage samples. To attain proper performance, both ltypt?s of mti{ssagfhari
mapped directly to the Ethernet; the second layer of the seven-layer communication stack, withou
going through MMS or TCP/IP. - . R
The Abstract Communication Services Interface facilitates the mapping of the gener:lc dfﬁta gnd
services to the communication stack. The applications and the stack are thus separa'te ;@ o:vn;g
the communication technology to be upgraded and the existing databases of the applications o‘ e
left intact. This feature makes the standard IEC 61850 future-proof. '
IEC 61850 also states.the engineering process and makes available the Subst.atlon (;onﬁgtg‘ra-
tion description Language (SCL). The precise descriptions of the IEDs, the sgbstat}on c}(l)p 1€gurg 1051
and other configuration related information can be read by any tool compatible with t. e‘z stan ar’ .
The standard alsc defines conformance testing of products S0 that interoperability may be
checked, ensuring the successful integration of devices from a variety of manufacturers to form a
.seamless system. o
2. Benefits
Compared to IEC 60870-5-103, DNP3 or proprietary communicatign protocolg, IEC 61850 ogfirs
much more benefits to the utilities. Some of these benefits are immediately tangible on the substa-
tion automation systems. Other benefits will take time to transpire because:
— Getting the full value of the standard requires . o
— accepting new designs e.g. moving away from master-slave to client-server communication,
— using process bus,
— new ways of managing assets, ' ‘

— While the technology starts best on greenfield sites, a large proportion of the projects involve
mixing legacy existing devices with new ones, and the benefits due to the new devices can
only show themselves to a limited extent. .

— Staff often have a natural reluctance in accepting a new technology.

— Not all the advantages of interoperability can be appreciated at the start.

IEC 61850 is applicable within a substation. Work is in progress to extend this method of stand-
ardising communication up to the control centres, aiming at geamless data-ﬂf)ws from the procegseg
in the switchyard to the highest control level. The substation data-quel is alregdy harmf)rlufze
with the Common Information Model from IEC 61970. The result of this standardisation will fur-
ther simplify the specification of substation automation systems.

3. Design

The design stage aims at defining the data flow and infrastructure of the substation automation
system.
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work. Transferring both real-time data, settings and disturbance files on a common 100 Mbit/s net-
work means fewer systems to deal with. Note that the co-existence of critical and non-critical data

Allowing fast peer-to-peer data transfers by means of the multicast messages, Ethernet
eliminates physical wiring between devices of most suppliers in substations, for instance, for inter-

automation schemes can be accommodated and would incur little design work.

The availability, or reliability, of master-slave systems from most suppliers depends largely on
the availability of the master device. IEC 61850 systems have no master devices. Client-server com-
munication enables redundancy to be built in easily. It improves the flexibility of the system. A
new client such as a permanent local voltage regulator for several transformers or a temporary

initiated by the change in the data value, and the change criteria may be adjusted from remote.
4. Installation and commissioning

The installation and commissioning stage aims at testing the system to make sure it works
according to the specifications,

The Ethernet network can be checked by means of standard tools, The Internet Protocol (IP)
enables messages to be routed to a remote location where commissioning personnel can view system

capability to remotely set a function 4n’ or ‘off service, together with the client-server communica-
tion, offers the opportunity to progressively commission the system, This means the commissioning
of a substation automation system can start before all the equipment is delivered to site.

5. Operation and maintenance

The operation and maintenance stage aims at identifying the possible faults and failures, and
at expanding the automation system in accordance with the overall business strategy of the utilities.

substation automation system with the aid of commercially available firewalls and routers which
hide IP addresses, Operational information can be grouped and access limited to only designated
personnel. ’

A substation automation system compliant with IEC 61850 can be easily extended to include
hew automation devices, primary equipment, bays or new voltage levels.

Although the management and the rules are yet to be defined, version numbers are mandatory
in the SCL and the logical parts of an IED. Being able to keep track of versions of IEDs is vital to

the long-term maintenance of the system, and this feature is unavailable in other communication
standards.
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6. Migration »
General. Products compliant with IEC 61850 are available from 2004 onwards, and utilities

wishing to ;

— safeguard investment , ‘
— seek a cost-optimised solution over the life-time of the substation
— improve the availability of the substation

are incorporating these products into their systems. The products are ¥nost1y introdtgcged 1nt<i_the;
market step by step. For new substations which can be served by t}.le av?ulable IEQ 61& qoxrllp 1a111
products, only IEC 61850 solutions are expected to be used and in this case, mxgratmn is largely
irrelevant.

Some new substations may still need to be equipped With rion-IEC 61850 dlev1c§is. Utl(lglrﬂe(s) fnﬁg
also integrate IEC 61850 devices into existing substa}txons th}*ough graduda rei)haci‘e(r}x;mmunica-
equipment or the addition of new bays. In these substgtmns, equipment b.ase ortl‘ ;) e
tion standards/protocols needs to function together with IEC 61850 devices until.

Upgrading Devices. If supported by the original design, a device can b;:- upgrad:}c(it éirlllt'ecr:lt‘lﬁré
for instance by adding a communication board and upgra}dlng the software onsom:ed relat;ivdy
parameters would need to be adjusted. This 100ks' attractlve.but woul'd gener_z} ytn od relatively
recent devices. The replacement of the communication system is benef'i(?lal only if retrofi Wor}l){gr
. ing at the station level is also carried out, and this means some additional engineering .

For this migration strategy, two options are possible. One option is up_g‘rading ali‘ the dev1cle‘s
in the substation. The other option is upgrading the devices _step-by-step in groups, for texarrtx};: e,
according to bays. For the second option, the old and new devices would need to function together.

i i i i isting automation systems
i stems side-by-side with IEC 61850 Systqm. Many existing auton ]
alrefd);lsst;ggofg a ﬁumber of grotocols. The IEC 61850 iievmes agedbroggt}ﬁt 111 ﬁg;t;ztlrllyl%scag{légg
iti i dually expanded and the o -IEC
an additional protocol. The IEC 61850 system is gra ] | non-IEC 61850
i tral point to which systems running
devices are phased out. In general, there is a cen : \s running on ditferen
g tocol conversions take place. To keep the migratic OW,
protocols are connected and where pro . Ll bt diokibie - S Rtk
it is i tant that the protocol conversions are performed only a point.
;;thzlisllllr)lzapg;i?;o distributgd automation with real-time constraints because many legacy protocols
uitable for handling time-critical data. '
o l11111IS a substation with merely a few devices running on ano'ther protocol, the newly 1q(éorpcére;1;eg
IEC 61850 system would be the dominant system. The eIxistmg systemtwggllg ;)tea S%I;ild ffotocols
.e. a data server of the IEC 61850 system. It may support s |
:ﬁsﬁy:;:egl\’lll’g oi IEC 60870-5-101. The existing system is connected to the IEC 63815E(1) cS}éngg(l) via
a gateway that carries out the protocol conversion between the legacy protocol an .

In general, these migration paths are suitable for the following three scenarios:

— The automation system is replaced step by step.
' — The substation is extended with additional bays.
"+ Individual devices are upgraded step by step in groups.
.$8A. Némerical Control & Protection Unit . ‘ . |
“ %:é hutnerical control unit (REC 316*4) is a compact multi-functional 1(11m1; olzzi%%ill%gntc?
PANORAMA. It is designed for the control, metering, monitoring, automatilo? ant_ pnS ection func-
tioris of MV and HV transmission systems. Simply programmable stanilar unc Ilrcx)ake om a com:
prehensive software library and a powerful and last function block language
user-frietidly and extremely flexible terminal. ) . . 1 atot
The control of switching objects is perforrcrlled ngi}l;l the hﬁl;s(};fpgs;l;lsz :;p;g;ségni xameV o }?,s
i i tions reduces the num ° '
&iﬁigﬁ St%fcct;?nx}bi(fafif)%eg lgfnssﬁcand backup protection functions in one unit. The integrated
autoreclosure function can be utilized by both main protection devices. , -
The closure of the circuit breaker can be supervised by a .synchrochecli‘functlon. Motor busbars
can' be switched on with phase synchronization by a fast switch-over function.

certainly its most important characteristic.

signals is enabled via the HMI,

MODERN PROTECTION SYSTEM — A SUMMARY 863

ction block engineered
on allows the generation
on is enabled by integrating the

A part from the operating asset protection in cooperation with fun
modules using the CAP 316 to tool, the multi-configurable frequency functi
of intelligent load shedding automatic. Automatic network restorati
REC 316*4 into a station control system. -

performed by the integrated disturbance recorder.

The REC 316*4 belongs to the generation of fully numerical control and
i.e. analogue to digital conversion of the input variables takes place immedi

curacy and sensitivity throughout its operational life.
© REC 316*4 is noted for its process interface, satisfyin

as for the standardized serial interfaces for integrating into a control system. This enables an in-
formation exchange both in a vertical direction with s '

direction between various bay control units. C

Because of its compact.design, the very few hardware units is needed, its modular software
and the integrated continuous self- diagnostic and supervision functions, it ideally fulfills the user’s
expectations of a modern control and protection terminal at a cost effective price. The availability
of a device, i.e, the ratio between its mean time in service without failure and the total life, is most

The menu-based HMI (Human Machine Interface) and the terminal’
tasks of connection, configuration and setting simple. A maximum of flexi
adapt the protection for application in a particular power system or to coo
units in an existing control and protection scheme, is provided by the exte
functions and the powerful function block en

s small size makes the
bility, i.e. the ability to
rdinate with, or replace
nsive library of standard
gineering. The free assignment of inﬁput and output

The hardware concept for the digital control unit comprises four different plﬁg-in units, a-con-

~necting mother PCB and housing (Fig. 43.404) ;

— analog input unit _
— 1 to 4 binary input/output units
— connecting mother PCB -

— central procbessing unit
— power supply unit
- — housing with connection terminals,

Fibre optiéaj connections for line differential
protection and binary signal transmission
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In the analog input unit an input transformer provides the electrical and _static isola_ttlon be-
tween the analogue input variables and the internal electronic circuits and adjusts {_:he s1gnals_ to
s a suitable level for processing. The input transformer unit can accommodate a maximum of nine
3‘ input transformers (voltage, protection current or measuring transformer). . .

Every analog variable is passed through a first order R/C low pass filter on the main CPU upit: .
| to eliminate what is referred to as the aliasing effect and to suppress HF inter ferences (Fig. 43.40B).
' They are then sampled 12 times per period and converted to digital signals. The analog/digital con-
, version is performed by a 16 Bit converter. . -
A DSP carries out part of the digital filtering and makes sure that the data for the protection
| algorithms are available in the memory to the main processor. _ _

The processor core essentially comprises the main microprocessor for the protection algorlthms
and dual-ported memories (DPMs) for communication between the A/D converters and the main
processor. The main processor performs the protection algorithms and controls the local HMI and
the interfaces to the station control system. Binary signals from the main processor are relayed to
the corresponding inputs of the I/O unit and thus control the auxiliary output relays apd .the light
emitting diode (LED) signals. The main processor unit is equipped with an RS232C serial interface
via which among other things the protection settings are made, events are read and the data from
the disturbance recorder memory are transferred to a local or remote PC. : ! .

On this main processor unit there are two PCC slots and one RS232C interface. These serial
interfaces provide remote communication to the station monitoring system (SMS) and station con-
trol system (SCS) as well as to the remote 1/O’s.

It has one to four binary I/O units each. These units are available in three versions : .

(a) two auxiliary relays with two heavy-duty contacts each, 8 optocoupler inputs and 6 signall-

ing relays. . |

(b) two auxiliary relays with two heavy-duty contacts each, 4 optocoupler inputs and 10 sig-

nalling relays. ,
(c) 14 optocoupler inputs and 8 signalling relays. . :

According to whether one or two /O units are fitted, there are either 8 LED’s or 16 LED’s
visible on the front of the terminal. ‘

Both analogue and binary input signals are conditioned before being processed by the main

processor. As described under hardware above, the analogue signals pass through the sequence
input transformers, shunt, low-pass filter (anti-aliasing filter), multiplexer and A/D converter
stages and DSP. In their digital form they are then separated by numerical ﬁlters into real and
apparent components before being applied to the main processor. Binary 81gn‘als fro.m the op-
tocoupler inputs go straight to the main processor. The actual processing of the signals in rel‘atlon
to the protection algorithms and logic then takes place.

Microprocessor Based Substation
Protection Control and Monitoring

Introduction to Microprocessor based Control, Protection and Monitoring — Two hierachical levels —
Substation level, Unit Level, Functions in substation level, Functions in Unit levels — Integrated
communication — Summary. '

43.39. INTRODUCTION

The basic variable related with the Substation protection, Control and Monitoring include the
following :

(i) Current (ii) Voltage,
(ii) Frequency (iv) Time,
(v) Power Factor, Reactive Power, Real Power, Temperature.

The electrical energy is transferred from large generating station to distant load centres via
the various substations. In every substation certain measurements, supervision, control and protec-
tion functions are necessary. Every substation has a control room. The relay and protection panels
and controll panels are installed in the control room. The various circuit breakers, tap changes and
other devices are controlled by corresponding control-relay panels. In a small independent substa-
tion, the supervision and operation for normal service can be carried out by the operator with the
aid of analog and digital control systems in the plant. The breakers can be operated by remote
control from the control room. During faults and abnormal conditions, the breakers are ‘operated
by protective relays automatically. Thus the primary control in substation is of two categories:

1. Normal routine operation by operators command.

2. Automatic operation by action of protective relay and control systems. ,
log to - : . . L. o
- AS? : tgl Traditionally, the protective system comprising of relays and circuit-breakers was almost in-
com?él"s ion dependent of control system for tap-changer control, voltage control, data logging, data monitoring

and routine operations. This concept is shown in Fig. 26.1 for Circuit-breaker control and Fig. 25.1
for Protective Zone. In traditional substation control the three functions (1) Protection (2) Control
(3) Monitoring are not integrated fully. In modern interconnected systems, the functions are inter-
linked by means of digital processing devices and power carrier communication links (Fig. 43.1).

< HM .
T Numerical

. <a~ SCS/ . signal
com SMS processing
_,———‘

43.40. EQUIPMENT TO AUTOMATIC CONTROL SUBSTATIONS

The following equipment (either fixed-wired or/and programmable) is used for various tasks in

1
% B | 1
18empIon

etc. | g ,,—_—1 P‘ﬂ"’ﬂ_

Trip | Network Automation. :

% Binary » . : y - N

‘ signal (i) data collection equipment (if) data transmission telemetric equipment
etc. | _ [k - BJO | processing (iii) data monitoring equipment  (iv) data processing equipment

¥

(v) man/machine interface.

Fig. 43.40B. Signal data flow.
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The data (information) regarding various power-system variable is necessary for effective su-
pervision, operation and control. This data can be broadly classified as :

(i) data regarding generating plants and power station
(ii) data regarding transmitting stations (sub-station)
(#1i) data regarding conditions of supply region, receiving stations.
The equipment for protection, control and automation are installed in control rooms of .
(i) Load Control Centres
(#i1) Distribution substations

(i) Transmission substations
(iv) Generating Stations.

These control rooms are in communication via Power Line carrier communication system
(PLCOQO).

In traditional hard wired systems are relays and circuit breaker operate during abnormal
operating conditions. The routine and emergency control functions are performed at individual
“Unit’ level systems with the held of substation equipment such as circuit-breaker, tap chargers
etc. Control and monitoring functions are performed by separate equipment installed on respective
panels, Each substation control room operated almost independently all instructions are received
from Control Centre via Power Line carrier telephone communication link.

With the present trend and availability of powerful microprocessors a low price, the
protection, control and monitoring system in substations have undergone a radical
change. The system architecture now includes, microcomputer based digital system con-
trol protection and monitoring systems installed in (1) load control centres (2) Substation
control Room (8) Generating station control room. The control and protection systems
are integrated and there is interaction and information transfer by means of communica-
tion channels.

43.41. TWO SUBSYSTEMS IN SUBSTATIONS

The protection control equipment in a substation are to be  ¢onrroL suILDING SWITCHYARD
treated as two sub-systems : , ~UNIT

1. Control System 2. Protective System. —L -1
For many reasons, it is desirable to have two separate sys- ey
tems as above. ' SUB-
The relay protection system should acquire the data inde- |T8U |
pendently, process it, evaluate it and take action to perform
protective tasks (tripping). -
The different events are reported to the control system as
well as protective system. Both the systems must, therefore, Lk
co-operate closely with one another. ; L
" In modern substation, these functions are realised with
relays, static processing devices and micro-computers. L{'_‘]-
The tasks of protective systems include sensing abnormal
condition, annunciation of abnormal condition alarm, automat- -
ic tripping, back-up protection protective signalling etc. Fig. 43.41. Configuration of protection
The tasks of control and monitoring system in a substation and controlin a substation in two levels.
include data collection, scanning event reporting and record- 1. SubstationLevel 2. Unit Level
ing; voltage control, power control, frequency control, other
automatic and semi-automatic control etc.
The two systems work in close co-operation.

43.42. TWO HIERARCHICAL LEVELS IN A SUBSTATION

Two protection and control equipment mentioned above are genefally arranged it two hierar-
chical levels. From the higher (substation) level, the entire substation is controlled and supervised.

IS ———————
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From ?he lower (unit) level, tke lines, transformers etc. are controlled and supervised. The equipment
on unit level is divided into a number of independent units, each controlling one unit. This division
improves the operating reliability and simplifies future extensions such as additional lines.

1. Upper level (substation control level)
2. Unit level (Equipment level Transformer, line, busbar, reactor etc.) Also included are,

3. Inter level communication .
4. Man-machine interface
5. Interface with load control centre.

SERIAL
DATA BUS

SUBSTATION
LEVEL
Sj‘ COMPUTER
1. Remote control adaption

N

2 Man machine communication,

supervision, (Automatic control)
i

Synchronising equipment
General Unit

Disturbance recorder
“Busbar protection

INCLUDED IN THE

COMPUTER SYSTEM

S ot

Fig. 43.42. Functions i'n substation level.
(Most functions are stored in substation level computer.)

43.43. SUBSTATION LEVEL (UPPER LEVEL)
'Dhe following main functions are arranged in substation level. Autom
functlong. Man-machine communication, Busbar protection.
{{) Ordinary man-machine communication system of the substation.
(i1) Remote control inter-face.

(iii) Synchronising
({v) Disconnector Inter-locking
(v) Busbar Protection (Relay Protection) System
(vi) Fault annunciation
(vit) Automatic Network restoration
(viit) Automatic Switching sequences
(ix) Load Shedding/Load re-connection
(x) Voltage control
(xi) Compiling of energy and other reports
(xiz) Disturbance recording
(xiii) Sequential events recording.

atic functions, supervisory

Most of these functions are integrated as softwares in the sub-station level computer, This

software is of modular-design, which facilitates addition of new functions. Table 43.8 gives the
categorywise classification. ‘
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Table 43.8
Classification of Function at Substation Level (Upper Level)
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] Table 43.9
Classification of functions of Unit Level

Protection Busbar protection

. . .. . o Protection Line protection, transformer protection, breaker-failure protection, reactor protection etc.
Automatic functions Synchronising voltage regulation load, switching, power system

restoration sequential operations etc. Automation Auto-reclosing, synchronising checks.

Supervision : Fault annunciation, sequential events recording disturbance
‘ recording, energy reports, self supervision of the electronic system,
fault statistics.

Supervision Supervision of position of Circuit-breakers, disconnectors, recording of events, energy
' metering, self-supérvigion of electronic system fault location on line etc.

. Inteface Switchgear interface, electronic system interface.

Man-machine Communication. Operations and indications, interlocking of disconnectors adaption to

remote control facilities etc. Functions which refer to a particular unit are located at unit level. Units are mostly inde-

pendent of each other. Fault occurring in one unit does not influence other unit control and protec-
tion Equipment for each unit is located in a cubicle for that unit.

PROTECTIVE RELAYS !
SERIAL - s .
DATA BUS [ Lt /[ - 43.43.2. Inter-level Communication
| =z L——@.___ Information is transferred between the two control levels primarily via a serial data bus, where |
g " the substation level computer controls the traffic by cyclic boiling the other units connected to the |
s s ‘—{IF—— 5 F bus. The substation oriented acquisition signals and the serial transmission of information, between '
;g EJ 2 - the control levels reduces the amount of cabling and terminal blocks.
S 2 { & ] o Table 43.10
2 Automatic Control Functions in Substations
UNIT-2 I Auto-reclosing Single phase or three phase auto-reclosing of line circuit-breakers.
] [~ SIMILARTO UNIT-1 ) i Automatic Synchronising Check phase sequence, frequency, voltage levels Coincidence of phase
UNIT-3 ] —_ voltages and close the circuit-breaker. '
;_.S'M‘LAR. TO UNT-1 i Automatic Voltage regulation Regulate bus voltage by tap-changing and shunt compensation.
A INCLUDED IN THE COMPUTER SYSTEM Automatic Power restoration Make attempt for restoration after unsuccessful autoreclosing and after

substation blackout.
Fig. 43.43. Line Unit Level. Functions stored in programs of unit level microcomputer.

Sequential operations Predetermined switching sequences e.g. load transfer from one bus to
1. Unit level microcomputer, control, supervision of circuit breakers, disconnectors, time-tagging events another.
auto-reclosing etc. . . '
2. Protective Relays 3. Energy Metering 4. Synchronising checks 5. Switchgear Interface Load shedding ITi(s)eShed predetermined load wh\en frequency falls. Check for voltage
Most of the functions are stored in the substation level computer in the form of software. The ' Table 48.11

software is modularised to facilitate the incorporation of new functions and to simplify future ex-

tension of the station. Because of the considerable amount of data to be processed disturbances are
registered in a separate unit. ‘

43.43.1. Unit Level

The entire substation is divided into certain ‘Units’ (Similar to protective zones) which
include one or two major equipment such as line, sub-bar section, transformer, etc.

Protective function in a substation

Detection of fault at the earliest
"Prevent or minimise damage
Disconnect faulty line

Detect phase to phase faults and phase to ground fault
The functions relating to particular unit include the following : Overloading protection
— Line Protection, Breaker Failure Protection, etc.

— Auto reclosing

— Synchronising check

— Energy metering

— Acquisition and time tagging of events

— Acquisition of position indication and measured values
— Execution of commands from substation-level computer
— Back-up control.

Overheating prevention

Overcurrents prevention

e S A T R

Abnormal voltage prevention.

Requirements of Protection and Control Equipment in Substations

The various protection and control functions in a substation have to fulfil certain requirements
originating from the power system and the high voltage equipment in the station but they also
must fulfil network operation and stability requirements. From the protection and control architec-
ture point of view these main requirements are :

1. Dependability. Thé\ dependability of a function is the probability that the function will be
executed correctly wl?en wanted. ‘ ‘

Table 43.9 gives categorywise classification.
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2. Security. The security of a function is the probability that the function will not be per-
formed when unwanted. o .

3. Degradation withstand capability. Degradation is the percentage of individual functions
that will be inoperative by a single failure in the protection and control system.

4. Back up Protection. Principally, the fault clearing ability can not be allowed to lloe lqst.
The required degree of dependability in the fault clearing function can be met on y with
back-up functions. These can be of two types; remote or local.

Remote back-up functions will of then be necessary ‘locally’ in a statign. The transformer over-
current protection is often the back-up for the line protection in case of line fault. The totally per-
formed remote back-up requires a separation of the two functions, so that both are not lost
simultaneously at a single fault in the protection of control equipment.

43.44. F:UNCTIONS PERFORMED BY PROTECTION AND CONTROL EQUIPMENT

The different functions performed by the protection and control equipmenff in a substgtlon or
power station have to be grouped for analysis of the architecture. This grouping of the dlfferc'ant
functions is not associated directly with a physical separation of the gqu1pment and the function
groups will be used only to identify factors that influence the realization of the structure.

The function groups below are used in a typical architecture :

(¢) Fault clearing functions sub 1

(i) Fault clearing functions sub 2

(iif) Emergency control functions

(iv) Non-emergency control functions

(v} Acquisition of information for analysis

(vi) Man/machine communication for service and maintenance. .

The function group above are defined as strict groups of functions. Thus, the: group will include
all components to perform the function. A specific component can be associated w1t'h more one group.
For the following discussion we have to strictly associate the groups with functions and level out
aspects concerning realization and component specification.

An abnormal condition will, after a time develop into a main component fault if no preventive
measure is taken. This preventive measure can either restore normal operation or result in a safe
status where a part of the system is out of operation.

The fault clearing will separate the faulty part from the system and thus change lthe status
from power system fault condition to a safe condition, The required function for a specific type of
station will not be discussed, only their association with the function groups.

Fault clearing functions sub 1

Fault clearing functions sub 2

The fault clearing function include all functions for automatic fault clearing power systepl faults
in the group clearing of line and power system apparatus faults as well as netvyork prqtectlon. The
group ‘fault clearing’ include basically the function ‘performed by the protection equipment. The
fault clearing functions have to be divided into two groups in cases of redundant (duphcate_d) protec—’
tions, which are completely separated, These groups are designated ‘Fault clearing function sub 1

and ‘Fault clearing function sub 2.

Emergency control functions

This group includes the functions that manually of automatically perform actions to prevent
abnormal power system conditions from developing into a main component fgult. The group includes
protegtion, alarm, metering anq other functions to detect abnormal conditions as well as‘ma.nual
and automatic control to perform the preventive measures. In case of remotely controlled stations,
naturally, a part of the remote control equipment can be associated to this group.
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Non Emergency Control functions

This group includes all functions for operation during non-system faults and safe status con-
ditions. Both manual and automatic functions are included for the optimization of operation, voltage
and frequency control changing at operation mode as well as other functions related to the non-
disturbed operation of the network and station. In this group, manual and automatic functions for
restoration of the operation after a disturbance are also included.

Acquisition of information for analysis.

This group contains functions for acquisition, storage, transmission and presentation of infor-
mation to enable the analysis of network and equipment performance and behaviour both during

non-system and system fault conditions. Energy Mmanagement and measuring functions are also
included,

Man/machine communication for service and maintenance.

This group includes the functions that enable supervision testing maintenance of the protection

and control equipment as well as functions for the modification of control and protection function
and setting values, L

43.45. PROTECTION AND CONTROL CONFIGURATION
Integrated or modularized (decentralised) systems

Regardless of the high voltage scheme of a substation, the station can be divided into a number
of separately controllable units such as line feeders transformers

for the protection, supervision and control to be provided in a substation.
Integrated equipment (centralised)

Measuring data from distributed measuring transducers are brought to a central computers
via high-speed communication links. The central computer can perform integrated relaying and
control functions.

Modularized equipment (decentralized of Centralized)
Protection and control devices, in principle according to current practice. However with in-

“creased capability of information transfer vig the communication system. With a modularized ap-

proach a hierarchy with a unit level and station level is normally adopted.
Unit level -
The unit level is related to each unit such as a line transformer, busbar, etc and is at present

mainly attributed to protection functions. The Protection devices are modularized and normally
placed so that they can be physically identified as belonging to a specific unit,

Station level . .
The control functions, either manual or automatic normally handle functipns that concern the
overall operation of the substation and handle the communication with remote control centres.

There are functions which can not be clearly allocated to unit or station level, depending on
the system design, type of equipment, functional requirements, ete. In practice some of the functions
will contain a less well defined structure with a combination of unit and station level functions.

When taking the basic requirements into account, with reference to the required degree of de-
pendability, security and degradation, a modularized approach is advantageous. The consequence




