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SECTION-1 
 

Scope, Specific Technical Requirement and Bill of Quantity 
 
 

1.1 SCOPE 
 
This technical specification covers the requirements of design, manufacture, testing at works, 
documentation, packing and loading at works, transportation to site of 420 kV SF6 Circuit Breaker 
along with steel structure and foundation bolts. Supplier will include supervision of installation, 
testing and commissioning of all offered circuit breakers along with necessary instruments. 
Circuit breakers operated by spring charged mechanism, hydraulic mechanism or a combination of 
these are only acceptable. 
 
The scope shall encompass and include all the activities listed above. 
 
In case of variance in the requirements specified under Section-1 and other Sections of this 
specification, requirements of Section-1 shall prevail. In case of variance in the requirements 
specified in Section-2 & 3, Section-2 shall prevail. 
 
400kV Circuit Breaker is required for the following Project 
 
Project:  ±800KV, 6000MW, HVDC Multi-terminal NER/ER-NR/WR Interconnector-1  
                 Project   
 
Customer: POWERGRID CORPORATION OF INDIA LIMITED 
 
 
1.2 SPECIFIC TECHNICAL REQUIREMENTS 
 
The circuit breakers and accessories shall conform to IEC:  62271-100, IEC: 60694 and other 
relevant IEC standards except to the extent explicitly modified in the Section -2 of this Specification. 
 
Technical Parameters 
 

1 Rated Voltage 400kV 
   
2 Rated Maximum Voltage 420kV 
   
3 Number of poles 3 
   
4 Rated Frequency 50 Hz 
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5 Class Outdoor 
   
6 Rated Current 3150A 
   
7 Rated short circuit current breaking capacity at 

specified site conditions and rated voltage 
corresponding to minimum opening time under 
operating conditions as specified. 

50kA  with percentage of DC component as 
per IEC-62271-100 

   
8 Symmetrical interrupting capacity (kA, rms) 50 
   
9 Rated short circuit making current (kA, Peak) 125 
   

10 Short time current carrying capability for one sec  
(kA, rms) 

50 

   
11 Out of Phase breaking current capacity (kA, rms) 12.5 
   

12 Rated line-charging breaking current at 90o leading 
Power factor 
 
(The breaker shall be able to interrupt the rated 
line charging  current  with a test voltage 
immediately before opening equal to the product 
of 0.577 V and 1,4 as per IEC-62271-100 

600 A rms  

   
13 Rated small inductive current switching capability 

with over voltage less than 2.3 p.u.(A) 
0.5 to 10 

   
14 First pole to clear factor 1.3 
   

15 Total break time (ms) 40 
   

16 Total closing time (ms) Not more than 150 
   

17 Rated operating duty cycle O-0.3s-CO-3min-CO 
   

18 Rated Insulation level 
 

 

 i) Full wave impulse withstand voltage (1.2/50 
μsec)              

 

  -between line terminal and ground ±1425kVp 
   
 -between terminals with circuit breaker ±1425kVp 
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open on one terminal and 240 KVp 
power frequency of opposite polarity on 
other terminal 

   
 ii) Switching impulse withstand voltage (250/2500 

μsec)  
 dry and wet 

 

   - between line terminal and ground ±1050 kVp ground 
   
 - between terminals with circuit breaker 

open 
±900 kVp switching breaker open impulse 
on one terminal and 345 kVp power 
frequency of opposite polarity on other 
terminal 

   
 iii) One minute power frequency dry and wet 

withstand voltage   

  -between line terminal and ground  520 kV rms 
  - between terminals with CB open 610 kV rms 
   
   19 Corona extinction voltage with CB open or close 320kV rms 
   

20 Max. Radio interference voltage for frequency 
between 0.5Mhz and 266kV rms MHz at (Phase to 
ground) both in open & closed 

1000 micro volts 

   
21 Min. Creepage distance:  

  - Phase to ground 10500 mm 
  - Between terminals 7800 mm 
   

22 Max. Difference in the instants of closing opening 
of contacts (at rated control voltage, and  rated 
operating & quenching media pressures) 

 

  - within a pole 2.5 ms 
  - Between poles 3.3 ms 
   

23 Trip and closing coil voltage 220V DC 
   

24 Rating of auxiliary contacts 10A at 220V DC 
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25 Breaking capacity of Auxiliary contacts 2A DC with the circuit time constant of not 
less than 20 ms 

   
26 

 
       

Rated terminal load 100Kg static 
 
 

 
     27 
 
 
       

Operating Meachanism Hydraulic/Spring-charged 
mechanism or a combination 
of both. 

Further, as control system shall be build with complete redundancy, the following order/indication 
requirements will be double 

• OPEN ORD (i.e. CB open command) 
• OPEN IND (i.e. CB open indication) 
• CLOSE IND (i.e. CB close indication) 
• ENABLE LOCAL CONTROL (i.e. provision for local/remote switch) 

 
Other signals alarm/indication and close order (i.e. CB close command) shall be single. 
Offered circuit breakers should comply with above requirements also. 
 
1.3 BILL OF QUANTITIES  
  1.3.1 Main Supply: 
 

S.No. Item Description Unit Quantity 
Biswanath Chariali Agra 

1.0 420kV, 3150A, 50kA for 1s, 3 Phase 
SF6 Circuit Breaker with PIR along 
with support structure, foundation bolts, 
interpole cables, operating mechanism, 
control boxes,  and all accessories 
complete in all respect 

Nos. 6 
 

=W1,W(4,6), Q(1,2,3) 

0 

2.0 420kV, 3150A, 50kA for 1s, 3 Phase 
SF6 Circuit Breaker without PIR along 
with support structure, foundation bolts, 
interpole cables, operating mechanism, 
control boxes and all accessories 
complete in all respect 
 

Nos. 11 
 

=W1.W(2,17,19).Q(1,2,3) 
=W1.W15.Q1 
=W1.W21.Q3 

 

2 
 
=W1.W1.Q(2,3) 

3.0 Supervision of erection, testing and 
commissioning of all Circuit breakers at 
each site.                                                          

Lot 1 1 

6156967
Line
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  1.3.2 Mandatory Spares  
 

S.No. Item Description Unit Quantity 
Biswanath Chariali Agra 

1.0 420kV, 3150A, 50kA for 1s, 1 Phase SF6 
Circuit Breaker with PIR along with 
operating mechanism, control boxes,  and 
all accessories complete in all respect 

No. 1 0 

2.0 420kV, 3150A, 50kA for 1s, 1 Phase SF6 
Circuit Breaker without PIR along with 
operating mechanism, control boxes and 
all accessories complete in all respect 
 

No. 0 1 

3.0 SF6 Gas (in addition to the supply of SF6 for 
the CBs covered under main supply) 

Lot 1 
( 20% of the total gas 

quantity used for all the 
breakers)

1 
( 20% of the total 

gas quantity used for 
all the breakers)

 
           1.3.3 Type Tests to be conducted 
 

S.No. Item Description 

1.0 Sound Level: A test of the circuit breaker to demonstrate that the noise level when opening 
and closing the circuit breaker does not exceed the specified levels. 

2.0 Test to demonstrate the Dielectric Withstand Capability of breaker in open condition at zero 
gauge pressure and at lock out pressure. 

3.0 Seismic withstand test (0.5g horizontal and 0.3g vertical) – Bidder has to provide necessary 
calculations to verify seismic withstand capacity of the offered breakers. 

4.0 Verification of degree of protection. 

* Bidder shall provide item wise charges (if any) for the above mentioned tests.   
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1.4   TYPE TESTS 
 

Each type of circuit breaker along with its operating mechanism shall conform to the type tests as per 
IEC: 62271-100. All type tests should have been conducted not earlier than five year from 30.06.09. 
If any type tests report is found to be technically unacceptable, such type test(s) shall be conducted 
by the vendor without cost and delivery implication to BHEL. 
 
 

1.5 QUALITY PLAN 

Bidder to follow valid POWERGRID approved Quality Plan as per POWERGRID procedure. In 
case the bidder does not have POWERGRID approved QP, it will be the bidder’s responsibility to 
get its QP approved directly from the ultimate customer i.e. POWERGRID. 
 

1.6       Supervision of Erection, Testing & Commissioning 

Bidder shall quote lump-sum price for the supervision of erection, testing and commissioning of all 
offered breakers. All testing instruments (except SF6 gas leak detector and time interval meter) shall 
be arranged at site by BHEL. However supplier’s service engineer shall bring gas leak detector and 
time interval meter at site.. All site tests on Circuit breakers shall be carried out by Circuit Breaker’s 
service engineer. Required man power , electrician, tools etc. shall be arranged by BHEL. Bidder 
must include all charges like travelling, boarding etc. in the quoted price for supervision work, prices 
per man days are not acceptable. 
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SECTION-2 
 

Equipment Specification 
2.1 GENERAL 
 

The circuit breakers and accessories shall conform to relevant IEC: 62271-100, IEC: 60694 and 
other relevant IEC standards except to the extent explicitly modified in the Specification. 
 
The circuit breakers for 400 kV ac systems shall be Sulphur hexafluoride (SF6) type only. The 
circuit breaker shall be complete with operating mechanism, control cabinets, piping, inter-pole 
cable, cable accessories like glands, terminal blocks, marking ferrules, lugs, pressure gauges, density 
monitors (with graduated scale), galvanized support structure for CB and control cabinets, their 
foundation bolts and all other circuit breakers accessories required for carrying out all the functions 
the CB is required to perform. 
 
All necessary parts to provide a complete and operable circuit breaker installation such as main 
equipment, terminals, control parts, connectors and other devices whether specifically called for 
herein or not, shall be provided. 
 
The support structure of circuit breaker shall be hot dip galvanized and control cabinet shall be made 
of 3 mm thick aluminum sheet.  All other ferrous parts shall be suitably painted with Polyurethane 
paint. The shade of the paint shall be Siemens Grey RAL 7032 and all other exposed hardware items 
shall be hot dip galvanized or electro galvanized. 
 
2.2 APPLICABLE STANDARDS  
 
The circuit breakers shall strictly conform to the following latest Indian and International standards 
as appropriate: 
 

IEC 62271-100 Specification for high voltage alternating-current circuit 
breaker 

  
IEC 60376: 2005-06 Specification of technical grade sulphur hexafluoride (SF6) 

for use in electrical equipment 
  
IS/IEC 60947 (Part 1): 
2004 

Low voltage switchgear and  control gear, General rules 

  
IS/IEC 60947 (Part 2): 
2003 

Low voltage switchgear and control gear, Circuit Breakers 

  
IS 325 : 1996 
(Reaffirmed 2007) 

Three phase induction motors 

IS 2629 : 1985 Recommended practice for hot dip galvanizing on iron and 
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steel. 
  
IEC 60060 (Part-1) High voltage test techniques, General definition and test 

requirement. 
  
IEC 60060 (Part 2) High voltage test techniques: Measuring devices 
  
IEC 60060 (Part 3) High voltage test techniques: Definitions and requirements 

for on-site testing 
  
IEC 60694 Common specification for high voltage switchgear and 

control gear  
  
IEC 60071 (Part 1)  Insulation coordination, Definition Principle and rules 
  
IEC 60071 (Part 2) Insulation coordination, Application Guide 
  
CIGRE WG Report 
No. 13-02-1973 

Switching over-voltage in EHV and UHV systems with 
special reference to closing and re-closing transmission 
lines 

  
IS 2633 : 1986 Method for Testing Uniformity of  coating on zinc coated  

articles. 
  
IS 2544 : 1973 Specification for Porcelain Post Insulators for systems with 

nominal voltages greater than 1000 volts. 
  
IS 5561 : 1970 Electric Power Connectors. 
  
IS 5621 : 1980 Hollow insulators for use in electrical equipments. 
  
IEC 62155 Hollow pressurized and unpressurized ceramic and glass 

insulators for use in electrical equipment with rated voltage 
greater than 1000V 

  
IS 4379 : 1981 Identification   of   contents  & industrial gas cylinders 
  
IS 7285 : 1988 Seamless   steel   cylinders  for permanent and high 

pressure liquefiable gases 
  
IEC 62271-101 High-voltage switchgear and control gear: Synthetic testing  
  
IEC 62271-100 High voltage Switchgear and control gear, HV-AC  

Circuit Breaker 
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2.3  DUTY REQUIREMENTS 
 

The circuit breaker shall be rated for the switching, interrupting and current carrying duty imposed 
upon them in their intended application 
 
The total interrupting time shall be 2 cycles or less from energization of trip circuit of the circuit 
breaker to the extinction of the arc. The total closing time shall be less than 150 msec from 
energization of closing circuit of the circuit breaker to closing of the breaker contacts.  
The operating duty cycle shall be 0 - 0.3 sec - CO - 3 min - CO, with no de-rating for the first re-
closure between operations over the voltage range from nominal to rated maximum voltage and from 
zero to the maximum rated interrupting current without the necessity of intermediate maintenance. 
The circuit breakers shall be capable of withstanding the transient recovery voltage as per IEC-
62271. 
 
The circuit breaker shall be designed for M2C2 class as per IEC 62271 under all duty conditions. 
 
The circuit breaker shall meet the duty requirements for any type of fault or fault location and for 
line switching when used on a 400 kV effectively grounded system and perform make and break 
operations as per the stipulated duty cycles satisfactorily. 
 
The circuit breaker shall be capable of performing their required duty as per application including 
 

• Interrupting steady and transient magnetizing current of transformers of specified ratings or 
as the case may be. 

 
• Interrupting line charging current as per IEC 

 
• Clearing short line faults (Kilometric faults) with source impedance behind the bus 

equivalent to symmetrical fault current specified. 
 

• Clearing bus faults on Employer’s 400 kV ac yard 
 

• Clearing faults as second-in-line breaker in the event of failure of main breaker 
 

• Breaking small inductive currents of 0.5A to 10 A without switching over voltage exceeding 
2.3 p.u. 

• Breaking 25% of the rated fault current at twice rated voltage under phase opposition 
condition. 

 
The breakers shall satisfactorily withstand the high stresses imposed on them during fault clearing, 
load rejection and re-energization with trapped charges. The breakers shall also withstand the 
voltages specified. 
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The breakers shall be capable of withstanding high currents of high frequency which may occur for 
faults near the breakers located close to ac filters. 
 
The total break time as specified shall not be exceeded under any of the following duties: 
 

• Test duties 1,2 ,3,4 ,5  (TRV as per IEC:62271-100) 
 

• Short line fault L75, L90 (TRV as per IEC:62271-100) 
 
The Bidder may please note that the total break time of the breaker shall not be exceeded under any 
duty conditions specified. 
 
 
2.4 CONSTRUCTIONAL FEATURES 
 

The features and constructional details of the circuit breaker shall be in accordance with 
requirements stated hereunder: 
 
1. The gap between the open contacts shall be such that it can withstand at least the rated phase to 

ground voltage for 8 hours at zero gauge pressure of SF6 gas due to leakage. The breaker should 
be able to withstand all dielectric stresses imposed on it in open condition at lockout pressure 
continuously (i.e. 2 p.u. across the breaker continuously). 

 
2. If multi break interrupters are used, these shall be so designed and augmented that a uniform 

voltage distribution is developed across them. Calculations/test reports in support of the same 
shall be furnished by the Contractor. The thermal and voltage withstand capabilities of the 
grading elements shall be adequate for the service conditions and duty specified. 

 
3.  The SF6 circuit breaker shall meet the following additional requirements: 
 

 a)  The circuit breakers shall be of single pressure buffer type. The design and construction of the 
circuit breaker shall be such that neither SF6 gas shall leak to atmosphere and nor moisture 
shall enter in the breaker. There shall not be any condensation of SF6 gas on the internal 
insulating surface of the circuit breakers. 

 
b) All gasket surfaces shall be smooth, straight and reinforced, if necessary, to minimize 

distortion and to make a tight seal. The operation rod connecting the operating mechanism to 
the arc chamber shall have adequate seals. The SF6 gas leakage should not exceed 1% per 
year. In case the leakage under specified conditions is more than 1% after one year of 
commissioning of the circuit breaker, the manufacturer shall have to supply free of cost, the 
total make up gas requirement for subsequent ten(10) years based on actual leakage  observed 
during first  year of operation after commissioning. 
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c) In the interrupter assembly there shall be an absorbing product box to minimize the effects of 
SF6 decomposition products and moisture. The material used in the construction of the circuit 
breakers shall be such as to be fully compatible with SF6 gas as well as its decomposition 
products. 

 
d) Each pole shall form an enclosure filled with SF6 gas independent of two other poles and the 

SF6 density of each pole shall be monitored. The SF6 gas density monitor shall be provided 
on each of the individual poles. 

 
e) The gas density in the SF6 circuit breaker shall never be less than the minimum required 

insulating density of SF6. Gas density monitoring equipment with two level alarms shall be 
provided. 

 
f) The dial type SF6 gas density monitor shall be adequately temperature compensated to model 

the density changes due to variations in ambient temperature within the body of the circuit 
breaker as a whole. The density monitor shall meet the following requirements: 

 
• It shall be possible to dismantle the density monitor for checking/replacement without 

draining the SF6 gas by using suitable interlocked non-return valve coupling. 
 
• It shall damp the pressure pulsation while filling the gas so that the flickering of the 

pressure switch contacts does not take place. Filling of SF6 gas shall not be performed 
in closed position of breaker. 

 
g)  Suitable means for pressure relief shall be provided in the gas chamber of circuit breaker to 

avoid the damages or distortion during the occurrence of abnormal pressure increase or shock 
waves generated by internal electric fault arcs. The position of vents, diaphragms and 
pressure relief devices shall be so arranged to minimize danger to the operators in the event 
of gas or vapour escaping under pressure. 

 
h) Each circuit breaker shall be capable of withstanding a vacuum of 8 mill bars without 

distortion or failure of any parts. 
 
i) Sufficient SF6 gas including that required for gas analysis during filling shall be provided to 

fill all the circuit breakers installed. In addition 20% of total gas requirement shall be 
supplied at respective station, in separate cylinders as spare requirement for Employer’s later 
use. 

 
4. Provision shall be made for attaching an operational analyzer after installation at site to record 

contact travel, and making measurement of operating timing, synchronization of contacts in one 
pole and dynamic contact resistance measurement. 
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2.5  SULPHUR HEXAFLUORIDE GAS (SF6 GAS) 
The SF6 gas shall comply with IEC-60376, 376A and 376B and shall be suitable in all respects for 
use in the switchgear under the operating conditions. 
 
The high pressure cylinders in which the SF6 gas shall be shipped and stored at site shall comply 
with requirements of the following standards and regulations: 
 

• IS: 4379 - identification of the contents of industrial gas cylinders 
 

• IS: 7311 - seamless hi-carbon steel cylinders for permanent and high pressure liquefiable 
gases 

The cylinder shall also meet Indian boiler regulations. 
 
SF6 gas shall be tested for purity, dew point, break down voltage, air, hydrolysable fluorides and 
water content as per IEC-60376,  376A  and  376B  and  test  certificates  shall  be furnished to 
Employer indicating  all  the tests as per IEC-60376 for each lot of SF6 gas. Gas bottles shall be 
tested for leakage after receipt at site. 
 
2.6  INSULATORS 
 

The porcelain of the insulators shall conform to the requirements stipulated in the applicable 
Indian/International standards.  
 
The mechanical characteristics of insulators shall match with the requirements of the offered 
equipment. 
 
All insulators shall conform to IEC-62155. The interrupter insulators are subjected to pressure test as 
routine test and bending load test as a sample test. The support insulators are subject to bending load 
test as routine test and pressure test as a sample test. 
 
Jointed porcelain shall not be accepted. 
 
2.7   OPERATING MECHANISM  
 
GENERAL REQUIREMENTS 
 

a) Circuit breaker shall be operated by spring charged mechanism, hydraulic mechanism or a 
combination of these. The mechanism shall be housed in a weather proof and dust proof 
control cabinet.  

  
b) The operating mechanism shall be strong, rigid, not subject to rebound and shall be readily 

accessible for maintenance for a man standing on ground. 
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c) The operating mechanism shall be suitable for high speed re-closing and other duties 
specified. During re-closing operation the breaker operating mechanism and control shall 
have capability to close fully and re-open if required. The mechanism shall be anti-pumping 
and trip free (as per IEC definition) under every method of closing.  

 
d) The mechanism shall be such that the failure of any auxiliary spring shall not prevent 

tripping and shall not cause trip or closing operation of the power operating devices. 
 
e) A mechanical indicator shall be provided to show open and close position of the breaker. It 

shall be located in a position where it shall be visible to a man standing on the ground level 
with the mechanism housing closed. An operation counter shall also be provided in the 
central control cabinet. 

 
f) Working parts of the mechanism shall be of corrosion resisting material. Bearings which 

require grease shall be equipped with pressure type grease fittings. Bearing pins, bolts, nuts 
and other parts shall be adequately pinned or locked to prevent loosening or changing 
adjustment with repeated operation of the breaker. 

 
2.8  CONTROL 
 

a) The close and trip circuits shall be designed to permit use of momentary contact switches and 
push buttons. 

 
b) Each breaker pole shall be provided with two (2) independent tripping circuits and coils each 

being connected to different set of protective relays. 
 

c) The breaker shall normally be operated by remote electrical control.  Electrical tripping shall 
be performed by shunt trip coils. However, provisions shall be made for local electrical 
control.  For this purpose a local/remote selector switches and close and trip push buttons 
shall be provided in the breaker central control cabinet. 

 
d) The trip coils shall be suitable for trip circuit supervision. During both open and close 

position of breaker. The trip circuit supervision relay would be provided. 
 

e) Closing coil & associated circuits shall operate correctly at all values of voltages between 
85% & 110% of rated voltage Shunt trip coil shall operate correctly under all operating 
conditions of the circuit breaker up to the rated breaking capacity of the circuit breaker and at 
all values of supply voltage between 70% and 110% of rated voltage. 

 
f) Density meter contacts and pressure switch contacts shall be suitable for direct use as 

permissive in closing and tripping circuits. Separate contacts have to be used for tripping and 
closing circuits. If contacts are not suitably rated and multiplying relays/contactors are used 
for density, monitor and pressure switch contact multiplication then fail safe logic/schemes 
shall be employed. DC supplies for all auxiliary circuits shall be monitored and provision 
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shall be made for remote annunciation and operation lockout in case of failures. Density 
monitors are to be so mounted that the contacts do not change on vibration during operation 
of circuit breaker. 

 
g) The auxiliary switch of the breaker shall be positively driven by the breaker operating rod. 

 
SPRING OPERATED MECHANISM 
 
a) Spring operated mechanism shall be complete with motor, opening spring and closing spring with 
limit switch for automatic charging and other necessary accessories to make the mechanism a 
complete operating unit. 
 
b) As long as power is available to the motor, a continuous sequence of the closing and opening 
operations shall be possible. The motor shall have adequate thermal rating for this duty. 
 
c) After failure of power supply to the motor OCO operation shall be possible with the energy 
contained in the operating mechanism. 
 
d) Breaker operation shall be independent of the motor which shall be used solely for compressing 
the closing spring. Facility for manual charging of the closing spring shall also be provided. The 
motor rating shall be such that it requires not more than 30 seconds for full charging of the closing 
spring. 
 
e) Closing action of the circuit breaker shall compress the opening spring ready for tripping. 
 
f) When closing springs are discharged after closing the breaker they shall be automatically charged 
for the next operation and an indication of this shall be provided in the local control cabinet. 
 
g) Provisions shall be made to prevent a closing operation of the breaker when the spring is in partial 
charged condition. Mechanical interlocks shall be provided in the operating mechanism to prevent 
discharging of closing springs when the breaker is already in the closed position. 
 
h) The spring operating mechanism shall have adequate energy stored in the operating spring to 
close and latch the circuit breaker against the rated making current and also to provide the required 
energy for the tripping mechanism in case the tripping energy is derived from the operating 
mechanism.   
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HYDRAULICALLY OPERATED MECHANISM 
 

a) Hydraulically operated mechanism shall comprise of operating unit with power cylinder, control 
valves, high and low pressure reservoir, motor etc. A hand pump set (one no. per station) shall be 
provided for emergency operation. 

 
b) The hydraulic oil used shall be fully compatible for the specified temperature range. 
 
c) The oil pressure switch controlling the oil pump and pressure in the high pressure reservoir shall 

have adequate number of spare contacts to be used for continuous monitoring of low pressure, 
high pressure etc. and remote alarm indication. 

 
d) The mechanism shall be suitable for at least two close open operations after failure of AC supply 

to the motor starting at a pressure equal to the lowest pressure of auto re-close duty plus pressure 
drop  for one close open operation.  

 
e) The mechanism shall be capable of operating the circuit breaker correctly and performing the 

duty cycle specified under al condition with the pressure of hydraulically operated fluid in the 
operating mechanism at the lowest permissible pressure before makeup. The opening time at the 
lowest pressure for a particular operation shall not exceed the guaranteed operating time within 
any value of trip coil supply voltage as specified.  

f) Trip lockout shall be provided to prevent operations of the circuit breaker below the minimum 
specified hydraulic pressure. Alarm contacts for loss of Nitrogen shall also be provided.  

 
g) All hydraulic joints shall have no oil leakage under the site conditions and joints shall be tested 

at factory against oil leakage at a minimum of 1.5 time maximum working pressure. 
 
2.9   SUPPORT STRUCTURE 
 

All steel structures and anchor/foundation bolts shall be fully galvanized after fabrication. Purity 
of zinc to be used shall be 99.95% as per IS: 209.The weight of the zinc coating shall be at least 
0.610 kg/m2. One additional nut shall be provided below the base plate which may be used for 
the purpose of levelling. 

 
Bolting 
• Every bolt shall be provided with a washer under the nut so that no part of the threaded 

portion of the bolt is within the thickness of the parts bolted together. 
  

• All steel items, bolts, nuts and washers except spring washers shall be hot dip galvanized. 
Spring washers shall be electro galvanized. 
 

• 2% extra nuts and bolts shall be supplied for erection. 
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Stability of Structure 
 

The Supplier shall be responsible for the stability of the structure at all stages of its erection at 
site and shall take all necessary measures by the additions of temporary bracings and guying to 
ensure adequate resistance to wind and also to loads due to erection equipment and their 
operations. 

 
The structure design shall be such that during operation of circuit breaker vibrations are reduced 
to a minimum. 

 
If required, the Contractor shall provide suitable platform with steps on both sides of the circuit 
breaker for easy accessibility for monitoring the density/pressure of gas. 
 

2.10 TERMINAL PADS 
 

The circuit breaker terminal pads shall be made up of high quality electrolytic copper or aluminum.  
 
 
 2. .11  FITTINGS AND ACCESSORIES 
 

Following is a partial list of some of the major fittings and accessories to be furnished by Contractor 
in the central control cabinet. Number and exact location of these parts shall be indicated in the 
drawing. 
 
a)  Cable glands, lugs, ferrules, etc. 
b) Local/Remote changeover Switch 
c) Open/Close buttons and Operation counter 
d) Pressure gauges 
e) Control switches to cut off control power supply  
f)   MCBs/MCCBs as required 
g) Anti-pumping relay 
h)  DC auxiliary power supervision relay.  
i)   Pole discrepancy relay 
j)  Rating and diagram plate in accordance with IEC 
k)  The number of terminals provided shall be adequate to wire out all contacts and control circuits 

after leaving 24 terminals as spare for future use. 
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2.12   TESTS  
 
 Type Tests 
 

Each type of circuit breaker along with its operating mechanism shall conform to the type tests as 
per IEC: 62271-100. The following additional type tests shall also be conducted: 
 
a)  Sound Level:  A test of the circuit breaker to demonstrate that the noise level when opening 

and closing the circuit breaker does not exceed the specified levels. 
 
b) Test to demonstrate the Dielectric Withstand Capability of breaker in open condition at zero 

gauge pressure and at lock out pressure. 
 
c)  Seismic withstand verification by calculation 
 
d)  Verification of degree of protection 
All type tests should have been conducted not earlier than five year from the date of bid opening i.e. 
30.06.09. 
 
Routine Tests 

Routine tests as per IEC: 62271-100 shall be performed on all circuit breakers. In addition to the 

mechanical and electrical tests specified by IEC, the following shall also be performed. 

i) Speed curves for each breaker shall be obtained with the help of a suitable operation analyzer to  
determine the breaker contact movement during opening,  closing, auto- re-closing and trip free 
operation under normal as well as limiting operating conditions (control voltage, etc.). The tests 
shall show the speed of contacts directly at various stages of operation, travel of contacts, opening 
time, closing time, shortest time between separation and meeting of contacts at break make 
operation etc. This test shall also be performed at site for which the necessary operation analyzer 
along with necessary transducers, cables, console, etc. shall be furnished as mandatory 
maintenance equipment. 

ii) Measurement of Dynamic contact resistance for arcing and main contacts. Signature of Dynamic 
contact resistance measurements shall be taken as reference for comparing the same during 
operation and maintenance in order to ascertain the healthiness of contacts. 

 
iii) Ultrasonic test shall be performed on insulators.        
 
Site Tests 
All routine tests except dielectrics shall be repeated on the completely assembled breaker at site. All 
site tests  mentioned in the Powergrid approved field quality plan shall also be carried out by the 
supplier’s engineer at site. 



 

 

 ±800KV, 6000MW, HVDC MULTI-TERMINAL 
NER/ER–NR/ WR INTERCONNECTOR-I PROJECT 

   400kV AC CIRCUIT BREAKER 
Doc. No. : TB-343-316-001 Rev. 03

       
 

Page 19 of 33 

 
SECTION-3 

 
Project Details and General Technical Requirements 

 
 
 
Please refer document TB-343-316-000: “General Technical Requirements – Section 3” 
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SECTION 4 
 

GUARANTEED AND TECHNICAL PARTICULARS FOR 400kV CIRCUIT 
BREAKER 

 
Bidder shall furnish the technical parameters for each type/voltage class of offered circuit breaker separately 
in the below mentioned format. 

1. GENERAL 

a) Name of the Manufacturer ……………………………………… 

b) Country of Manufacturer ……………………………………… 

c) Type of Circuit Breaker ………………………………………. 

d) Manufacturer’s type designation ……………………………………… 

e) Standard Applicable ……………………………………… 

f) Rated Voltage (kV rms) ……………………………………… 

g) Rated Current ……………………………………… 

        i.  Under normal condition (A) ……………………………………… 

        ii.  Under site condition (A) ……………………………………… 

h) Rated frequency (Hz) ……………………………………… 

i) Number of poles ……………………………………… 

j) Whether 3 pole or single pole unit ……………………………………… 

k) Whether All The 3 poles ganged electrically or
mechanically 

……………………………………… 

l) Whether dead tank or live tank design ……………………………………… 
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m) Type of installation ……………………………………… 

n) No. of break per pole ……………………………………… 

o) Latching Current 

……………………………………… 

 

 

 

2. GUARANTEED RATINGS 

a) Rated short circuit breaking current ……………………………………… 

i. Symmetrical component at highest
system voltage (kA) 

……………………………………… 

ii. DC Component (%)  ……………………………………… 

iii. Asymmetrical breaking current at 
highest system voltage (kA) 

……………………………………… 

b) Rated Making Capacity ……………………………………… 

i. At higher rated voltage (kAp) ……………………………………… 

ii. At lower rated voltage (kAp) ……………………………………… 

c) (i) Maximum Total break time under any duty
condition for any current upto rated breaking
current with limiting conditions of voltage and
pressure (ms) 

……………………………………… 

    ii. Rated break time 
……………………………………… 

d) Closing time (ms) 
……………………………………… 
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e) Minimum opening time under any condition with
limiting voltage and pressure (ms) 

……………………………………… 

f) Maximum opening time under any condition with
limiting voltage and pressure (ms) 

……………………………………… 

g) Maximum close open time under any condition
with limiting voltages and pressures (ms) 

……………………………………… 

h) First pole to clear factor ……………………………………… 

i) Short time current rating (kA) for 1s ……………………………………… 

j) Rated operating duty ……………………………………… 

k) Maximum braking capacity under kilometric faults
and rated TRV characteristic (kAp) 

……………………………………… 

l) Maximum breaking capacity under phase
opposition (kAp) 

……………………………………… 

m) Maximum line charging breaking current with
temporary over voltage upto 1.4 p.u. (A) 

……………………………………… 

n) Maximum over voltage (p.u.) on switching
transformer on no load and corresponding
charging current 

……………………………………… 

o) Maximum period between closing of first contact &
last contact in a pole (ms) 

……………………………………… 

p) Maximum pole discrepancy (ms) ……………………………………… 

q) Maximum arc duration and corresponding current
under lockout pressure 

……………………………………… 
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r) Pre-insertion resistor  

i. Value/ pole (ohms) / with tolerance ……………………………………… 

ii. Minimum and maximum duration of
insertion per pole (ms) 

……………………………………… 

iii. Thermal rating for the C-1m-O-CO-2m-
C-1m-O-CO for terminal fault
considering maximum resistance and 

……………………………………… 

iv. Thermal rating for the same duty as (iii) 
above for reclosing against trapped
charges 

……………………………………… 

s) Small fault current breaking capacity (kAp) ……………………………………… 

t) Maximum temperature rise for main contacts over
design ambient temperature of 50ºC 

……………………………………… 

u) Rated voltage & pick up range for trip coil (V) ……………………………………… 

v) Rated voltage & pick up range for closing coil (V) ……………………………………… 

w) Rated pressure and limits of pressure of operating
mechanism 

……………………………………… 

x) Rated pressure and limits of  pressure of
extinguishing medium 

……………………………………… 

y) Minimum dead time for  

i. Three phase reclosing (ms) ……………………………………… 

ii. Single phase reclosing (ms) ……………………………………… 

3. DIELECTRIC WITHSTAND OF COMPLETE BREAKER 

a) One minute dry & wet power frequency withstand
voltage 

 

i. Between live terminal and ground
(kVrms) 

……………………………………… 

ii. Between terminals with breaker contacts
open (kV rms) 

……………………………………… 

b) 1.2/50- micro second impulse withstand test 
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voltage 

i. Between live terminals and ground(kVp
) 

……………………………………… 

ii. Between terminals with breaker contacts
open (kVp) 

……………………………………… 

c) 250/2500 micro second switching surge withstand
test voltage 

 

i. Between live terminals and ground
(kVp) 

……………………………………… 

ii. Between terminals with breaker contacts
open (kVp ) 

……………………………………… 

d) Corona extinction voltage (kV rms) ……………………………………… 

e) Maximum radio interference voltage (micro V) at
1.1 Ur/_/3 

……………………………………… 

f) Total creepage distance  

i. To ground (mm) ……………………………………… 

ii. Between terminals (mm) ……………………………………… 

4.  OPERATING MECHANISM 

a) Type of operating mechanism for  

i. Closing ……………………………………… 

ii. Opening ……………………………………… 

b) Manufacturer's type designation ……………………………………… 

c) Normal power consumption (W) at rated voltage of ……………………………………… 

i. Trip coil ……………………………………… 

ii. Closing coil ……………………………………… 

  

4.1 Hydraulic operating mechanism 

a) Rated pressure of oil in operating cylinder
(kg/cm2) 

……………………………………… 
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b) Limits for pressure (kg/cm2) ……………………………………… 

c) Quantity of oil (litre) ……………………………………… 

d) Details of arrangements to prevent change of
position of breaker of position of breaker in the
event of hydraulic 

……………………………………… 

e) Details of monitoring arrangement for hydraulic
pressure 

……………………………………… 

f) No. of close-open operations possible after loss of
AC supply to drive motor 

……………………………………… 

g) Details of hand pump set provided for emergency
operation 

……………………………………… 

h) Pressure drop starting from lowest pressure at
which motor starts for 

 

i. C-operation ……………………………………… 

ii. O-operation ……………………………………… 

iii. CO-operation ……………………………………… 

iv. O-CO-operation ……………………………………… 

v. 2-CO-operation ……………………………………… 

i) Time required to make up pressure upto loss of
nitrogen pressure after 

 

i. C-operation ……………………………………… 

ii. O-Operation ……………………………………… 

iii. CO-operation ……………………………………… 

iv. O-CO-operation ……………………………………… 

v. 2-CO-operation ……………………………………… 

4.3   Spring charged mechanism   

a) Number of close open operations possible after
failure of AC supply to motor 

……………………………………… 

b) Time required for motor to charge the closing
spring (min) 

……………………………………… 
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c) Whether indication of spring charged condition
provided in central control cabinet 

……………………………………… 

5. TYPE OF BREAKERS 

5.1 SF6 Circuit Breakers 

a) Quantity of SF6 per pole (m3) at rated pressure ……………………………………… 

b) Guaranteed max. leakage rate per year ……………………………………… 

c) Rated pressure of SF6 in operating chamber ……………………………………… 

d) Limit of pressure at which breaker operates
correctly (kg/ cm2) 

……………………………………… 

e) Standard to which SF6 gas complies ……………………………………… 

f) Whether 20% spare SF6 gas stores in unused gas
cylinder, included in proposal 

……………………………………… 

g) Compacity & filling ration of containers in which
SF6 gas would be shipped (m3) 

……………………………………… 

h) Whether breakers are dispatched filled with SF6 or
required to be filled at site 

……………………………………… 

i) Type and make of SF6 pipe coupling used ……………………………………… 

j) Type and make of mandatory maintenance
equipment 

 

i. SF6 gas filling and evacuation trolley 
(portable)  

……………………………………… 

ii. SF6 gas drying, filling, evacuating
equipment and its capacity 

……………………………………… 

iii. Operating analyzer type and make ……………………………………… 

iv. SF6 gas leak detector ……………………………………… 

k) Parameters of SF6 gas for initial filling &
satisfactory operation 

 

i. Density ……………………………………… 

ii. Dielectric strength/ kVmm ……………………………………… 

iii. Acidity (ppm) ……………………………………… 

iv. Water content (ppm) ……………………………………… 

v. Oil content (ppm) ……………………………………… 
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vi. Condensation temperature ºC)   ……………………………………… 

vii. Resistivity (Ohm-cm) ……………………………………… 

l) Whether details of SF6 gas viz test methods,
handling etc. enclosed 

……………………………………… 

m) Type and material of gasket used to ensure gas
tight joints for 

 

i.  Metal to metal joints ……………………………………… 

ii. Metal to porcelain joints ……………………………………… 

n) Method of housing SF6 gas compressors and
equipment 

 

i. At circuit breaker ……………………………………… 

ii. In control cubicle ……………………………………… 

o) Type and make of   

i. Densimeter ……………………………………… 

ii. Pressure gauge ……………………………………… 

p) Densimeter Settings  

i. Lockout ……………………………………… 

ii. Alarm ……………………………………… 

q) Minimum time interval between each make/ break
operation (ms) 

……………………………………… 

5.2 GENERAL  

a) Whether OGA drawing enclosed ……………………………………… 

b) Weight of complete 3 phase breaker for foundation
design (kg) 

……………………………………… 

c) Weight of heaviest part of breaker (kg) ……………………………………… 

d) Impact loading for foundation design ……………………………………… 

e) Seismic level for which breaker is designed ……………………………………… 

f) Minimum safety clearance from earthed objects ……………………………………… 

g) Noise level in (dB) at base of the breaker ……………………………………… 
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h) Minimum clearance in air  

i. Between live parts (mm) ……………………………………… 

ii. Live parts to earth (mm) ……………………………………… 

iii. Live parts to ground level (mm) ……………………………………… 

6. CONSTRUCTIONAL DETAILS  

a) Whether arcing contacts provided ……………………………………… 

b) Type and material of main contacts and arcing
contacts 

……………………………………… 

c) Contact pressure on main contacts (kg/cm2) ……………………………………… 

d) Contact separation in arcing position (mm) ……………………………………… 

e) Contact separation in open position (mm)  

i. Main contacts ……………………………………… 

ii. PIR contacts ……………………………………… 

f) Whether pressure relief device for each of the gas
chamber of SF6 CB provided 

……………………………………… 

g) Rate of contact travel  

i. Opening (m/sec) ……………………………………… 

ii. Closing (m/sec) ……………………………………… 

h) Whether the making & breaking contacts are
hermetically sealed 

……………………………………… 

i) Type and capacity of device used to obtain
uniform voltage distribution between breaks 

……………………………………… 

j) Overvoltage withstand capability of grading
components (kV/mms) 

 

i. Continuous ……………………………………… 

ii. 10 minutes ……………………………………… 

iii. 1 minute ……………………………………… 

iv. 5 seconds  ……………………………………… 

k) Number of auxiliary contacts per pole provided for
Owner's use 

……………………………………… 

l) Rated voltage of auxiliary contacts (V) ……………………………………… 

m) Current rating of auxiliary contacts  
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i. Continuous (A) ……………………………………… 

ii. DC breaking with 20 ms time constant
(A) 

……………………………………… 

n) Whether auxiliary contacts silver plated ……………………………………… 

o) Whether support structure included in supply ……………………………………… 

p) Height of support structure ……………………………………… 

q) Material of support structure ……………………………………… 

r) Standard to which the design of support structure
conforms 

……………………………………… 

s) Whether foundation bolts for breakers and
cabinets included in scope of supply 

……………………………………… 

7. DETAILED LITERATURE  

i. Type test reports as per IEC-56 ……………………………………… 

ii. Factory test report & / or filed test report
in case of reactor switching duty 

……………………………………… 

iii. Details of operating mechanism ……………………………………… 

iv. Drawing of breaker of support structure ……………………………………… 

v. Calculations for compressed ……………………………………… 

vi. Details of SF6 gas filling  ……………………………………… 

vii. Details of SF6 gas leak detector ……………………………………… 

viii. Precautions in use of SF6 gas ……………………………………… 

ix. Leaflets & literature bringing out salient
features of equipment offered 

……………………………………… 

x. Schematic diagrams of switching
mechanism for closing resistor showing
the duration of insertion alongwith
calculation for thermal rating of closing
resistors 

……………………………………… 

xi. Whether drawings/data data furnished
as per cl.12 of chapter switchgear (CB) 

……………………………………… 

xii. Method of checking of voltage
distribution devices at site enclosed 

……………………………………… 
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xiii. Details alongwith a complete catalogue
of operation analyzer enclosed 

……………………………………… 

xiv. Data on capabilities of circuit breaker in
terms of time and number of operations 
at duties ranging from 100% fault
currents to load currents of the lowest
possible value without requiring any
maintenance or checks 

……………………………………… 

xv. Effect of non simultaneity between
contact within a pole or between poles
and also show how it is covered in the
guaranteed rated break time. 

……………………………………… 

xvi. Details and type of filters used in
interrupter assembly and also the
operating experience with such filters 

……………………………………… 

xvii. Curves supported by test data
indicating the opening time under close 
open operation with combined variation
of trip coil voltage & pneumatic/
hydraulic  pressure 

……………………………………… 

xviii. All duty requirements specified
alongwith adequate test reports 

……………………………………… 

 

CONTROL CABINETS 

 

1. Manufacturer's Name ……………………………………… 

2. Indoor/ Outdoor application ……………………………………… 

3. Design ambient air temperature (deg. C) ……………………………………… 

4. Standards applicable ……………………………………… 

5. Thickness of sheet steel (mm) and whether cold 
rolled or hot rolled 

……………………………………… 

6. Degree of protection provided ……………………………………… 

7. Bill of material for all the equipment mounted on 
control cabinet giving the following details 

……………………………………… 

a) Make and type ……………………………………… 

b) Applicable Standard ……………………………………… 

c) Voltage rating ……………………………………… 

d) Current rating ……………………………………… 
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e) Duty class, if applicable ……………………………………… 

f) Manufacturers catalogue No. ……………………………………… 

g) Total heat load of cabinet ……………………………………… 

     (for purpose of ventilation requirement)  

8. Colour of finish paint IS:5 ……………………………………… 

a) Outside ……………………………………… 

b) Inside ……………………………………… 

9. Control Wiring  

(a) Size of conductor ……………………………………… 

     i. For CT circuits ……………………………………… 

     ii. For other circuits ……………………………………… 

b) Conductor Solid/ Standard ……………………………………… 

c) Number of Strands/ conductor ……………………………………… 

10. Terminal Blocks  

(a) Make & type ……………………………………… 

b) Current rating ……………………………………… 

    i) Power terminals (A)  

    ii) Other terminals (A)  

11. Space Heater Rating at 240 V AC  

12. Control cabinet drawing showing the following  

a) Outline dimensions, floor openings, floor/wall/ 
pedestal fixing arrangements, weights etc. 

 

b) Front view, inside view showing the mounting 
arrangement of various equipment 

 

13. Schematic/ Wiring diagram of control cabinet 
enclosed 

 

14. Interconnection drawing showing cable, 
connections to the control cabinet enclosed 

 

15. Type test report to verify design of protection 
enclosed 

 

16. Details of terminal rows:  
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i) Whether aranged  
vertical or horizontal 

 

ii) Clearance from adjacent components  

iii) Distance between rows  

iv) Whether transparent protection cover provided  

TERMINAL CLAMPS AND CONNECTORS  

  

1. Manufacturer's Name  

2. Applicable Standards  

3. Type  

4. Material of connector  

a) Clamp body  

b) Botls & Nuts  

c) Spring washers  

5. Rated Current  

6.a) Rated terminal load (kg)  

b) Factor of safety  

7. Minimum thickness of any part (mm)  

8. Weight of clamp complete with hardware (kg)  

9. Type test reports as per IS enclosed  

10. OGA drawing enclosed  

BUSHING/SUPPORT INSULATOR 

1.Manufacturer's Name  

2.Type  

3.Applicable Standards  

i) Height  

ii. Diameter (Top)  

iii. Diameter (Bottom)  

4.Total Creepage distance (mm)  
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5.Rated voltage (kV)  

6.Power frequency withstand voltage for 1 Min. 
(kVrms) dry and wet 

 

7. 1.2/50 micro sec. Impulse withstand voltage 
(kVp) 

 

8. 250/2500 micro sec. Switching impulse withstand 
voltage (kVp) dry and wet 

 

9.Corona Extinction voltage (kV)  

10.Weight (kg)  

11. Max. Allowable span (mm)  

12. Cantilever Strength (kg)  

13. OGA drawing enclosed  

 
 
 
 
 
 
 
 
 
 
 
 








































































