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Abstract-  This paper presents an estimation of SF6 gas circuit breakers reliability in the transmission substations, Among the 

substation equipment circuit breakers play a vital role when triggered to switch to Control the power transfer based on the 

load demand situations, Isolate faulty circuits, Prevent system stability failures in case the system parameters are crossing the 

permissible limit allow maintenance of substation equipment Generally when utilities wanted to procure circuit breakers (CBs) 

in past as well as today, their preference is always for three pole operated circuit breakers due to cost effectiveness. This 

preference continued up to voltage levels of 220kV, beyond which the higher phase spacing has not permitted possibility of 

three pole operated Air Insulated Substation (AIS) circuit breakers. In Gas Insulated Substations (GIS), the limitation is 

170kV for three pole operated CBs, beyond which the size of the tubular housing may become uneconomical. A circuit breaker 

failure may result in the unavailability of an entire power system, causing major disruption and severe financial losses. 

Describe in this paper. 
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I. INTRODUCTION 
 

SF6 circuit breaker insulation system design can be of two 

kinds with gas gap or along the surfaces of solid 
dielectrics. The discharge conditions of along the surfaces 

of solid dielectrics differ significantly from the discharge 

conditions in the gas gap and it can be the main factor in 

determining the circuit breaker geometric dimensions.  

 

In operation, [1] [2] [3] the insulation system must 

withstand the normalized AC voltage and normalized 

overvoltage. Nowadays SF6 insulation has gained wide-

spread acceptance in high-voltage units as internal 

insulation due to high physical-chemical and electrical 

characteristics. Therefore the demand arose for reliable 
and accurate calculation techniques for analysis of 

structures’ electric strength by main gaps.  

 

However, presently available criteria are frequently 

empirical or semi-empirical and application – specific, 

consequently their application is limited [1] [2] Therefore 

performance evaluation of construction under high-voltage 

is complicated. The circuit breakers shall be designed for 

electrical local as well as remote control. In addition there 

shall be provision for local mechanical control (emergency 

trip).  

 
The operating mechanism for 245 kV SF6 Circuit 

Breakers shall be spring charging type by electric control. 

The mechanism shall be adequately designed for the 

specified tripping and re-closing duty. The entire operating 

mechanism control circuitry, spring charge motor for 

spring mechanism Circuit Breaker etc., as required, shall 

be housed in an outdoor type, CRCA steel enclosure. This 

enclosure shall conform to degree of protection of IP-55. 

 

The enclosure shall be invariably mounted on mounting 

tail at CPRI High power laboratory. In case of painted 

enclosures, the housing shall be phosphate sequence). 

[8][10]After such preparation of surfaces, two coats of 

Zinc Oxide primer shall be given by suitable staving and 
air drying before final scales, corrosion, grease and other 

adhering foreign matter and the surface treated by 

recognized phosphate (i.e. seven tank) or overhauling shall 

be clearly stated in the bid. [7][9] 

 

As far as possible the need for lubricating the operating 

mechanism shall be kept to the minimum and eliminating 

altogether if possible Puffer and semi-puffer SF6 gas 

circuit breakers need substantial amount of energy from 

the operating mechanism for building up of puffer 

pressure during opening operation; this may cause higher 
mechanical stresses on the operating mechanism of three 

pole operated SF6 gas circuit breakers, which in turn may 

affect its reliability of the circuit breaker.  

 

However, with the introduction of SF6 gas circuit breakers 

with self blast design Circuit breakers are vital equipment 

for protecting transmission systems. They cut off current 

painted with shade 631 of IS-5 i.e. epoxy light gray. SF6 

gas circuit breakers need substantial amount of energy 

from the operating mechanism for building up of puffer 

pressure during opening operation; this may cause higher 
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mechanical stresses on the operating mechanism of three 
pole operated SF6 gas circuit breakers, which in turn may 

affect its reliability of the circuit breaker.  

 

However, with the introduction of SF6 gas circuit breakers 

with self blast design Circuit breakers are vital equipment 

for protecting transmission systems. They cut off current 

painted with shade 631 of IS-5 i.e. epoxy light gray. All 

interiors and exteriors of the housing shall be thoroughly 

cleaned to remove all rust, instantly in the event of a 

system failure due to lightning or other issues. [5] 

 

II. RELATED WORK 
 

Hitachi is developing Gas Circuit Breakers (GCB) that 

work with high currents, with voltages from 110 kV to 550 

kV, and accurately support increases in breaking capacity. 

For a UHV (ultra high voltage) transmission project in the 

United States, Hitachi delivered more than 40 800 kV 
GCBs (double break) through its subsidiary Hitachi T&D 

Solutions, Inc. Three pole operated circuit breakers are not 

only economical, but they also do not cause any electrical 

pole discrepancy. This specific feature is the most 

preferred one by utilities when it comes to generator 

switching application. 

 

The basic issue in the present scenario appears to be not 

the simplicity of CB but its random operation without any 

correlation with application-specific parameters (i.e. 

residual flux in transformers, trapped charge in capacitive 

loads) or references to system voltages or currents. In 
order to overcome these problems it is essential to 

implement an external means to the circuit breaker, as the 

circuit breaker manufacturers may find it difficult to invest 

in highly expensive R&D which they may not able to 

recover easily with prevailing market conditions.  

 

Controlled Switching is a wonderful add-on feature 

external to the circuit breaker which offers a wide verity of 

positive solutions for the current day dynamic switching 

problems associated with circuit breaker in order to 

improve not only the system stability and functionality, 
power quality but also to improve the life of the substation 

equipment. 

 

Hence the requirement of today’s power network is a 

smarter single pole operated circuit breaker with add-on 

controlled switching feature.  

 

Controlled Switching Devices (CSD) have maximum 

benefits with Independent Pole CB operation (each pole 

has its own optimum switching moment) and will always 

provide superior performances to mitigate switching 

transients resulting from random operations of Bs. The use 
of the CSD technology is not only limited to HV and EHV 

grids, but they are also used in Medium Voltage (MV) 

applications as many of the Independent Power Producers 

(IPPs) of renewable energy are often connected directly to 
the distribution grid at MV levels. 

 

1. 800 Kv Gas Circuit Breaker: 

Circuit breakers are vital equipment for protecting 

transmission systems. They cut off current instantly in the 

event of a system failure due to lightning or other issues. 

 

 
Fig 1. 800kV Gas Circuit Breaker. 

 

Hitachi is developing Gas Circuit Breakers (GCB) that 

work with high currents, with voltages from 110 kV to 550 

kV, and accurately support increases in breaking capacity. 

For a UHV (ultra high voltage) transmission project in the 

United States, Hitachi delivered more than 40 800 kV 
GCBs (double break) through its subsidiary Hitachi T&D 

Solutions, Inc. 800kV Gas Circuit Breaker Elements such 

as high temperature, high voltage, supersonic flow, and 

discharge of power shown in fig.1 

 

2. 550 Kv Gas Circuit Breaker: 

With high voltage and high current distribution systems, a 

Gas Circuit Breaker (GCB) that uses SF6 gas, with three 

times the insulating ability of air, is applied. This 

technology releases a circuit of electrodes within 

compressed gas, extinguishes the generated arc by 
blowing a stream of supersonic air, and interrupts the 

current. Developing GCBs with high-level simulation 

technologies in R & D, including analytical shown in fig.2 

              

 
Fig 2. 500kV Gas Circuit Breaker. 
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III. DIFFERENT TYPES OF CIRCUIT 

BRAEKER 
 
Air blast:  The air blast circuit breaker is a live tank circuit 

breaker design introduced in the 1930’s and common for 

high voltage and extra high voltage (EHV) applications.  

These were the first breakers that really allowed us to 

reach EHV levels.   

 

They are sparingly found in North America but more 

common around the rest of the world.  Air blast designs 

were reliable and robust though they do require regular 

maintenance and they are extremely noisy during 

operations.  Many breaks are needed for high voltages and 

they are often found with opening resistors.   
 

The contacts are opened by air blast that is produced by 

opening a valve. Air that is compressed in a reservoir is 

released and directed towards the arc at high velocity. The 

air blast cools the arc and sweeps the arcing products 

away. This increases the dielectric strength of the medium 

between contacts and prevents the re-establishment of the 

arc. The arc is extinguished and the current is interrupted. 

The arcing time is short compared to that of an oil circuit 

breaker and results in less wear on the main contacts. 

 

1. SF6: 

SF6 insulated circuit breakers are the main type of breaker 

installed in transmission networks today and the only 

current style of breaker being manufactured for EHV 

applications. Sulphur hexafluoride (SF6) is an inert, heavy 

gas with good dielectric and arc extinguishing properties.  

 

The dielectric strength of the gas increases with pressure. 

CAUTION must be exercised when handling the gas 

however because, although SF6 is in itself an inert gas, it 

will produce corrosive by-products under arcing 

conditions.   
 

SF6 circuit breakers suffer less wear on the main contacts 

than do air and oil circuit breakers.  The breaking principle 

is to cool down the arc by blowing SF6 gas with high 

pressure towards the arcing contacts. 

 

An SF6 circuit breakers arc extinction method may be 

characterized as either puffer or self-blast. The SF6 puffer 

circuit breaker creates the SF6 gas pressure using a piston 

pump whereas the SF6 self-extinguishing circuit breaker 

takes advantage of the SF6 gas pressure created by the 
heat from the arc.  

 

An SF6 Double (Dual) Pressure circuit breaker utilizes a 

pressurized SF6 gas chamber that is released into the 

arcing chamber during operation of the breaker.  The 

puffer type has good breaking properties for all current 

levels but requires more mechanical force to operate and 

thus a bigger operating mechanism.  The self-blast design 

is as effective at extinguishing the arc as the standard 

puffer but due to its arc assisted properties the mechanism 
energy can be reduced by 50%. SF6 circuit breakers may 

either be of the dead-tank design (favoured in North 

America) or live-tank design (favoured by the rest of the 

world). 

 

IV. CIRCUIT BREAKER MONITOR 

IMPLEMENTATION 
 

The system hardware consists of two parts: field unit 

located in switchyard and concentrator PC located in 

substation control house. Field unit is hardwired to the 

circuit breaker control circuit and it samples signals from 

the breaker; recognize events and records samples on local 

memory. It also communicates with concentrator PC to 
perform data transfer and time synchronization.  

 

Concentrator PC gathers data from all field units in a 

substation and save them on the local. 96 Field unit the 

field unit consists of four modules connected together: 

signal conditioning and overvoltage protection module, 

data acquisition processor module, wireless transceiver 

and power supply. Architecture of the field unit is shown 

in Figure 2. 

 

 
Fig 3. Architecture of the CBM field unit. 

 

Operation Circuit breakers must have an ability to 

transport and to interrupt the current circuit that meets all 

predetermined requirements, under normal and abnormal 

operating conditions. When the circuit breaker is closed, it 

must support the normal current circuit without to heat 

beyond permissible limits. When it is opened, the isolation 

distance between contacts must withstand the operating 
voltage.  

 

Circuit breakers age as well as number and severity of 

tripping it has performed define its life cycle. This 

device’s contacts deteriorating are related to the number of 

trips supported, which limit depends on the values of the 

interrupted current. 

 

The circuit consists of three parts according to the function 

that performs. 
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Fig 4. Future communication block. 

 

First part is overvoltage protection implemented using 

transient suppression Zener diodes and resistors used to 

limit surge current. Inductors, and capacitors on the input 

side are used to perform noise filtering. Second part is two 

stage amplifier used to scale signal to the 97 appropriate 

amplitude.  

 

V. PRESENT AND FUTURE TRENDS 
 

The MCCB continues to evolve in pace with other 

emerging technologies. Today’s modern MCCBs are 

smaller and lighter than previous generations. However 

the demands for increased fault levels, temperature 

performances, enhanced safety and reliability continues to 

drive the developments of this important protective device.   

 

Earth Leakage Protection - The recently published 17th 
Edition of IEE Wiring regulations place greater demands 

on the use of earth leakage protection and residual current 

monitoring devices. It is a fact that the majority of 

electrical fires are due to an undetected earth leakage 

condition around the magnitude of 300 mA or greater.  

 

(Regulation 532 refers to “Limit consequence of fault 

current from point of view of fire risk”) The traditional 

method to achieve earth leakage protection on an MCCB 

would be use a separate earth leakage relay (ELR) and 

current transformer (CT). Another method was to add an 
earth leakage block (ELB) to the load side of the MCCB.  

 

Both these systems require additional panel space and the 

ELB can sometimes affect the MCCB temperature 

performance and cannot be a retrofitted solution. Several 

manufacturers can now offer MCCBs with integral earth 

leakage protection in the same footprint as the MCCB. 

These are also referred to as Circuit Breakers with 

Residual protection (CBR). 

 

The standard covering this application for Circuit Breakers 
with Residual protection (CBR) is BS EN60 It is also 

possible to have an ‘earth leakage alarm’ facility which 
can be set to give an early warning of a potentially 

dangerous situation rather than a trip function. 

 

 
Fig 5. CBR is an MCCB with integral earth leakage 

protection. 

 

Many end users are showing a preference for the alarm 
facility rather than have a critical load trip for an earth 

leakage condition. 

 

Integral Measurement Functions and Communication New 

microprocessor MCCBs are being developed by several 

manufacturers that are now fitted with integral LCD 

displays. Protection and metering used to be treated as 

separate disciplines within low voltage design. However 

with advances in electronics many protection relays are 

now available with on board measuring facilities.  

 
The trend started with medium voltage protection relays 

then evolved to low voltage ACBs about 15 to 20 years 

ago. Being that bit bigger, it was easier to incorporate both 

functions on to the ACB. The MCCB presented more of a 

challenge due to space limitations but these have now been 

overcome. The integral LCD monitor can display all the 

electrical parameters that you would expect to be available 

on a traditional panel with multi-meters.  

 

These include phase currents (including neutral and 

ground) and voltage, power, energy, maximum demand, 

harmonic analysis etc. An example of such an MCCB is 
shown in figure.   

 

 
Fig 6. MCCB with integral monitoring facilities. 
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VI. CONCLUSION 
 

This paper include Knowledgeable application of circuit 

breakers in a data centre electrical distribution system can 

ensure not only that equipment is protected from 

overcurrents, but that it is less likely to incur downtime.  

 

Furthermore, downtime can be minimised by careful 
consideration of products relating to their maintainability. 

It is important that designers of electrical systems for data 

centres not only understand the theoretical evaluation of 

switchgear, but that they visit and talk to manufacturers to 

find out how to better apply their products.  

 

With high voltage and high current distribution systems, a 

Gas Circuit Breaker (GCB) that uses SF6 gas, with three 

times the insulating ability paper also describe MCCB and 

earth protecting phenomena 
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