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EDITOR'S NOTE

Importance of conservation of energy is growing day by day. Our country is all set (if not already in place)
to release the first Energy Conservation Building Code, ECBC, which follows healthy building practices to
conserve energy. ECBC is a product of Bureau of Energy E fficiency, BEE, whose motto is 'Encrgy is lifc,
Conserve it' and who comes under Ministry of Power, and which was established in 2003 after the
constitution of Energy Conservation Act 2001. The intention of the Act is to effect the use cnergy cfficicntly
and to conserve energy.

T'he Code is mandatory for commercial or building complexes whose connected load is S00kW or morc or
whose contract demand is 600k VA or more. The code is mandatory to all buildings witha conditioned tloor
area of 1000 square metres or more. The code is applicable for existing buildings in 3 phased manncy
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Regular energy audits from time to time will be required for buildings with a connected load of more than
SO0KW.
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Although an Act is binding on the citizens, and therefore by virtue of the Encrgy Conscrvation Act 2001,
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BEE has the power to enforce and penalize over the entire range of buildings, industries, appliances and
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equipment, as a gesture BEE prefers to make it voluntary from the consumers, fora starter. ECBC will aid in
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controlling the rate of growth of electricity consumption without affecting the productivity. Saving energy
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alone can help meet the future energy demand and thereby reducing the ever increasing supply-demand gap
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ECBC deals with material of the walls, number of windows, type of glass used, lighting etc. The cost of
building adopting ECBC might increase by an average 8.0% and his would be recovered by the energy

savings.
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Adopting ECBC can lead to about 25 to 40 per cent sav ing in the electricity bill depending on the annu: 1l
consumption per square metre of the floor area. C ompliance with ECBC and therefore energy say ing is
beneficial to both the owners and the users by improving the comfort level and productivity. One should
know that the saving rate varies with climate zones (There are five climate zones in India) and codes thatare
best suited for different zones have been designed.

BEE has been supported by International Institute for Energy Conservation, IHEC, as a project tcam, a
committee of experts, and well known organizations, reputed Institutions, Associations, Government
departments and Societies. My congratulations to BEE and Iam sure this ECBC must be one of the best with
respect to Energy Conservation and I am sure the Builders and owners of buildings will surely comply with

the norms set by the code, lest they face the penalties from BEE.

Thank youand wish youallahappy and prosperous new year.

Engr.).D.Krupakar
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INTRODUCTION

Switchgear is one of the of the most important
equipment in the medium voltage distribution system
(3.3kV - 33kV ). Reliability of power supply largely
depend on the efficiency of the switchgear and its
control. Switchgear is like a sentinel guarding the
system and therefore it has to be most reliable.
Severity of duty can be gauged by the fact that many a
times switchgear is not operated for months together,
but when a fault occurs efficient switchgear trips
immediatcly. Among all forms of switchgear, the
circuit breaker is the most important one. The circuit
breaker works as switching device which is capable of
breaking even at very heavy current, normally
associated with a fault in the system. It can be made to
trip automatically inthe eventofa fault.

HISTORY

In the early part of last century, quantity of power
distributed at medium voltage was small and
maximum fault currents were very low. The design of
the switching device was simple, being essentially an
isolating device and the low arc generated while
opening operation was quenched by air surrounding
the contacts.

As the power distribution network expanded, the
currentrequired to break under fault condition became
larger and larger. The design of circuit breaker
underwent a large change to take care of increased
fault currents.

Incase of A.C. system, the arc forms an essential part
of switching process. The current flows by means of
arc when switching device is opened and contacts are
separated, till current reaches zero . If the contacts are
sufficiently apart at that time, the dielectric media
between the contacts will notallow the arc torestart.
The use of diclectric media in quenching of the arc
became most significant part of the design. The circuit
breakers were developed making use of various types
of diclectric material. These efforts resulted in
developmentof following types of circuit breakers.

BULKOILCIRCUITBREAKER (BOCB)

MINIMUM OILCIRCUITBREAKER (MOCB)

AIRBLASTCIRCUITBREAKER (ABCB)

Bulk oil circuit breakers first conceived in U.K. uses
insulating oil popularly known as Transformer oil. By
simplicity in design, low costand proven design, these
were extensively used inour country till 1990s.

European designers reduced the oil content by

having contacts of each pole enclosed in an insulated
chamber containing oil and thus emerged Minimum
oil circuit breaker. The principal design is same as that
of bulk oil circuit breaker. Although the oil content
was very much less, these breakers required frequent
change of oil as well as chambers (almost every time
breaker operates on heavy faults). However these are
found more suitable in High Voltage range (33kV-
220kV).

Airblast circuit breakers were introduced in order to
eliminate the use of oil. The additional requirement of
air compressor made it more uneconomical in the
Medium voltage range. These types of circuit breakers
are however widely used on 132kV/220kV system at
large substations.

Earlier attempts to use dielectric other than oil and
air dates back 19205 but only mn 19505 American
company was successful in commercial production of
a new generation of circuit breakers = vacuum circuit
breakers. Atthe same time Europe designers tried SE6
(Sulphur Hexa Floride) gas instead of o1l in the cireuit
breakers. While the design similar to MOCB was
successful in case of voltages above 33kV (HV/EHV
range), it was not economical in the MV range. The
design was modified for MV range by developing
rotating arc, puffer type designs with all pole contacts
in one gas container to make it commercially viable.
However Vacuum circuit breakers became more
popular. This article deals with VCB as it generally
known.

CURRENTINTERRUPTIONINVACUUM

Vacuum is an extraordinary good dielectric and
vacuum pressure above 10-2 torr has a dielectric
strength of40 kV/mm Therefore very small movement
of contacts is sufficient to quench thearc.

Here unlike arc in other media gas molecules do not
create or carry the current orarc. Vapour arc is formed,
during separation of contacts, by evaporation of
cathode material.

Initial structure of vacuum arc is conical with its
apex at cathode spot, which supplies clectrons and
positive ions to plasma of the arc. As the current
increases the arc splits into two to maintain the
current. The two arc columns tend to repel cach other.
As the current increases the arc mode changes
dramatically. The contacts are designed to provide
transverse magnetic field resulting the arc to rotate
round the toroidial-type contacts. This phenomenon
prevents arc from changing to constricted form. The
arc continues to form intense tube of plasma, which




cools to normal diffuse arc with many parallel paths
as current approaches zero and finally disappears at
current zero. The arc does not restrike as contacts are
sufficiently apart.

DESIGNAND CONSTRUCTION

The main component of VCB is a VACUUM
INTERRUPTER. It consists of high quality ceramic /
glass enclosure containing a set of contacts. The
vacuum is created inside the enclosure to the desired
levels, generally in the order of 10-2 torr or so. The
technology is similar to that being adopted in the
manufacturc of TVs, lamps, and electronic valves and
hence there is proven technology available in making
vacuumtightenvelope.

The second most important component is contact
material. The contact material is specially developed
Cr Cu alloy. The contacts are toroidal type with slits.
Each manufacture has his own designs for increased
performance.

Bellows are provided for the movement of contacts.
As the travel of the contacts is very small in view of the
high dielectric strength in vacuum, the design of
bellows is less complicated. In order to keep in line
with long life of Vacuum Interrupter, the bellows have
to be highly corrosive resistant and hence stainless
steel becomes natural choice.

The designers cnsure that all the conducting rods
inside the interrupter are able to transmit the heat
generated in the chamber, since heat cannot be
dissipated through convection inside the vacuum.

As for as operating mechanism is concerned, it is
simpler than other types of circuit breakers since
travel of contacts are small. The operating mechanism
are available in various types which includes manual
springs, motor operated springs, and solenoid
operated devices used in conventional breakers.
However the mechanism must be designed to satisfy
the switching characteristics of the VCB. Generally
opening springs are used to open the interrupters.
They should be able to withstand the weight of the
interrupters, able to hold open position force, and
match the opening characteristics necessary for the
interrupters. The wiping springs should be able to put
required contact pressure.

The life of the mechanical parts should match with
highlife of the interrupters.

Vacuum interrupters are taken up for manufacturing
units with necessary technology of vacuum sealing
while the rest of the unit is made by standard
switchgear manufacturer. The modules are made
similar to that of L.V. MCCBs, and this enables panel
builders tobuild up tailor made requirement.

Typical details of vacuum interrupter is shown in
figure | while the figure 2 shows the typical travel of
are.
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Figure 2

PERFORMANCE OFVCB

Most of the manufacturers of Vacuum Interrupters
employ design of extinction of are by driving the are
round the circular contacts and therefore rating of unit
can go as high as 2500A (normal current) and fault
current of 40kA. (even 52KkA is being attempted).
Initially there was an apprehension regarding use of
VCBs instead of other types breakers. One of the
reasons is possibility of reduction in vacuum pressure
when gases produced during interruption. These
gases are absorbed by the Getter and there by maintain
highdegree of vacuum. In the initial designs switching
surges generated when interrupting smaller currents
used to give rise to undesirable chopping current and
thus making VCB unsuitable for many applications.
However with better material and alloy combination
of contacts, the chopping current is reduced
considerably and no surge profection is required for
normal applications anymore.

VCB scores over other types of circuit breakers
especially in Medium Voltage range, due to the
following advantages.

. No possibility of contamination of dielectric
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medium. leakage of vacuum after a period of time resulting in
blowing up of the breaker when operating on fault.
B o This is a very rare possibility, as seen from such large
3. Highspeed tripping number of Television and Cathode ray tubes which,

.Low operational energy with similar vacuum pressures, have very long life.
However at very important installations, if need be,
vacuum pressure can be checked by a gauge
. Completely restrike free periodically. As far as switching surge voltage is

.Low contact wear - Longerlife

5. Simple operating mechanism

. Totally maintenance free concerned, earlier problems were taken care of, by
modifying the design of contacts. These are within the
limits specified by IEC.

CONCLUSION

8. Mostcompactinsize

9. Noauxiliary equipment is required

Because of the above advantages VCBs have = . ’ : e
; 3} et With electric power becoming basic need of lite,

reliability of power supply is most essential

Switchgear is one of the important equipment in the

I. Rural Electrification projects power system in maintaining reliable power supply.

They have to be most efficient, and maintenance free

toensure clearance of faults wheneverthey oceur.

become universal choice for various applications such

as -

2. Autoreclosing duties
3.Capacitorswitching duties ) ) o
It is seen from the above that VOCRB ig mogt vergatile
1010rc . > . 2
an refadice circul oreaKker in range, /
4. Motorcontrol d liabl £t} k MV g A
5. Locomotivetraction comparison with other types of circuit breakers is

. tailed inappendi
On the negative side, there may be a possibility of detailed inappendix

APPENDIX
DESIGN PARAMETERS AND THEIR EFFECTS ON VARIOUS KINDS OF CIRCUIT BREAKERS

DESIGN PARAMETER TYEP OF CIRCUIT BREAKER

OIL CIRCUIT MINIMUM OIL CB | SF6 CIRCUIT BREAKER | VACUUM CIRCUIT BREAKER

Buiky, with heavy wear &
tear due to large contact Medium weight and Average wear & lear due  [Compaet & very light due to
Operating mechanism_stroke medium contact stroke {lower stroke minimal atroko

Large cantact stroke Minimal contact SIroke (1Zmmj
Comact stroke (150mm) Average contact stroke [Average contact stroka (Approx.)

SF6 Gas 40 kV/imm 10100 [VACUUM 40 KV /mm 10 100
kV/mm, depends ongas  [kV/mm, depends on vacuum
Dielectric medium used |Oil = 10 kV /mm Qil = 10 kV /mm prassura loval)

Construction & Housing [Buiky but rugged Average sized Average sized Compact
High = 10 ms
Arc duration High = 10 ms (Approx.) (ApPprox.) Medium = 8 ms (Approx.) [Low = 7 10 10 ms (Approx.)

Mechanical reaction & [Average (but dependant on Low (but depandant on Law (indepandant of fault
Nolse fault current magnitude) fault current magnitude)  [current magnitude)
Prone to fire and explosion
hazard which is invitable
due to the use of oil as Due to low oil content |Fire & explosion hazard Fire and, explosion proof due to
dielectric medium which is  |fire and explosion limited to SF6 container construct and lack of dielectric
Flammability flammable hazard is less alone medium

Frequent maintenance
required oll to be changed |Very frequent Negligible maintenance Negligible maintenance leading
after 6-10 fault interruptions |maintenance required |leading to long life and high|to long life and high reliability
wear is very high in such oil to be changed after |refiability with practically no |and maximum saving in
Maintenance aspects _[operating mechanism every fault interruption |maintenance costs maintenance costs

Very high 1000 to 20000 |Very high 20000 to 30000
Mechanical & Electrical Low upto 4000 operations on 100% rated |operations 100 to 150 on rated
Life Low upto 2000 operations _|operations fault current 100 to 150% current
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DESIGN PARAMETERS AND THEIR EFFECTS ON VARIOUS KINDS OF CIRCUIT BREAKERS

DESIGN PARAMETER

TYEPOF C

IRCUIT BREAKER

Gas exhaust

Ireleased through gas vents

Necessary, due to
vaporised oil after
interruption, which has to be

Necessary to release
vaporised oll after
interruption

Necessary to release

fluorine gas exhaust after

interruption

Not necessary as there is no
emission of any sort

Internal pressure
development

Due 1o heavy pressure
developmen! due 1o
vaporised ol during
Interruption, the oil tank is
subject to high stresses

Heavy pressure is
developed subjecting
the circuit breaker to
some stresses

Average pressure is

developed during
interruption

No intarnal prossure is
developed due to interruption in
vacuum

Power loss in the circuit
(contact resistance of
main contacts)

High value = 200 MICRO
QHMS

High value = 200
MICRO OHMS

low value = 50 MICRO
OHMS

Low valua = 20 to 50 MICRO
OHMS

Operating speeds

Average due to high
contacts stroke and heavy
maoving contacts depends
upon fault current

Average due 10 heavy
moving contact
depends upon faull
curront

Fast due to lower stroke
but depends on fault
current

Fast due to lew etroka £ tatally
Independent of faull gurrent

Average well within limits
usually due to the presence

Average to high
depending on
individual design &

Average due 0 the fast

Average to high, due 1o the lack
of dielectric medium, haat flows
{o terminal ends, hence care 1o

De 1aken In spite of 1as!

Temperature rise of large amount of oll volume of action action opeoration and low arc time

Transient Recovery
Voltage & Surge
Vollage

Due o slower operating
speeds the changes of TRV
or Surge Voltage being high
are remote.

TRV and Surge
Voltage may occasion
ally occur depending
on connect ed circuit

TRV & Surge voltage are
usually wall within the limits

specified by the standards

Mainly due to the electro
negative properties of SF

gas

Type of interruption
device used & size

Arc control pot in oil tank
(common) (big)

Arc imterruption in
individual ol containers
(average)

SF6 gas in a containor

TRV & Surge Voliages may
appear due to fast & very
efficient ARC extinction & high
diclectric charges, of vaguum
special cara should ba takan N
SOMe applications

Vacuum bottlos (compact)

Environmental aspects

Unsuitable for hazardous
areas, mines etc., Fire
hazards exists

Better suitable than
och’s but still not
preferred due o fire
hazard

Environmental froo

Totally environment proof. no
effect on performance of wbe
dua 1o Altitude. Ambiant Tamp
& Seline Atmosphere.,
Univeraally auitable, in nucloar
areas ships or earthquake prone

aroas

Alignment of common
shaft for 3 phase
oparation

Not so critical due to a large
contact stroke

Not so critical due to a
large contact stroke

Critical, 30 a3 to not affect
the simuitaneous 3 phase
operation with a minimal

phase o clear factor

Very critical due (o low contaut
stroke of 12mm. haneo
operating mechanssm to be very
procisely accamblod £ toatod

Type of main contact
coupling (butt or wipe)

Wipe type

Wipe lype

Wipe type

Bult typa

Contact wear

Severe during fault
interruptions, due to wiping
contacts and heavy
operating mechanism

Moderate due to wiping
contact, during fault
interruptions

Moderate during fault

operations

Low, due to low stroke & butt
contacts with spacial coniact
material

Complexity of operating
mechanism

High number of parts
involved hence complex

High number of parts
involved hence
complex

Less compiex with less
numbar of parts

very simple mechanism due 1o

low stroke & minimum pacts

Current sensitive or
vollage sensitive

Voltage sensitive

Voltage sensitive

Current sensitive

Qverall reliability

Moderate

Good

Excellent

Excellent

Arc quenching
efficiency

Based on low ionic mobility

Based on low ionic
mobility

Based on low ionic mobility

Based on absence of diclectsic
breakdown

High frequency current
interrupting

(small current) without
cuirent Zero

Not possible

Not possible

Not possible

Possible due 10 high dielecinic
strength of vacuum & speed of

operation

Note: The Article on Low Voltage Switchgear and Controlgear Assemblies,
by Mr. C. S. Nambisan will be conclude in the next issue (Vol. VI, Issue-2))
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