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1 Scope, Quantities and Specific Technical Requirements 

1.1 Scope 

This technical specification covers the requirements of design, manufacture, 
testing at works, packing, loading at works and transport to site of Indoor DC post 
insulators and Outdoor DC post insulators complete with all nuts, bolts and 
washers for inter unit joining & for bolting the Post insulators units to structure. 

The equipment is required for the following project: 
Name of customer : Power Grid Corporation of India Ltd (POWERGRID) 

Name of the project : ±800kV, 6000MW HVDC Raigarh – Pugalur Terminals 

Contractor  : Bharat Heavy Electricals Limited (BHEL) 

Site   : Raigarh & Pugalur 

1.2 Specification 

The insulators shall comply with the following requirement specifications 
(included with this specification) 

1) 1JNL446257 Rev. B : Indoor DC insulators 

2) 1JNL446256 Rev. A : Indoor DC insulators 

The above Requirement Specifications (RS) applicable to Indoor DC post insulators 
and Outdoor DC post insulators. Please refer to below 1.8 enclosures for any 
other information, which is not covered by above RSes pertaining to Indoor DC 
post insulators and Outdoor post insulators only.  

Incase of any conflict between this specification, RSes and enclosures, vendor 
shall inform to BHEL for final decision. 

1.3 General technical requirement 

Please refer to 1JNL355425 Rev. G “General requirements for main circuit 
apparatus”. 

1.4 Quantities

Sl. 

No 

Item description Main 

quantity 

(Nos) 

Spares 

qauntity 

(Nos) 

Total quantity 

(Nos) 

Indoor post insulators (refer 1JNL446257 ) 

Raigarh converter station    

1 Item 384, DC post 

insulator 

48 5 53 

Pugalur Converter station    

1 Item 394, DC post 

insulators 

32 3 35 

Outdoor post insulators (refer 1JNL446256 ) 

Raigarh converter station    

1 Item 321, DC post 

insulators 

13 2 15 
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Sl. 

No 

Item description Main 

quantity 

(Nos) 

Spares 

qauntity 

(Nos) 

Total quantity 

(Nos) 

2 Item 322, DC post 

insulators 

242 24 266 

3 Item 328, DC post 

insulators 

8 1 9 

4 Item 330, DC post 

insulators 

8 1 9 

5 Item 331, DC post 

insulators 

16 2 18 

6 Item 371, DC post 

insulators 

4 1 5 

Pugalur Converter station    

1 Item 341, DC post 

insulators 

14 2 16 

2 Item 342, DC post 

insulators 

305 31 336 

3 Item 347, DC post 

insulators 

4 1 5 

4 Item 348, DC post 

insulators 

8 1 9 

5 Item 350, DC post 

insulators 

8 1 9 

6 Item 351, DC post 

insulators 

16 2 18 

7 Item 371, DC post 

insulators 

4 1 5 

 
Note:  
1) Insulators shall be supplied complete with Hot Dip Galvanised Hardaware 

for inter unit joining and fixing to structure (both top & bottom) 
2) Final quantity may vary upto ±30% 
3) Please refer the RS of 1JNL446257 & 1JNL446256 for items mentioned 

above. 

1.5 Qualifying requirements 

A) The bidder must be an original equipment manufacturer (OEM) of Post 
Insulators and should have valid type test reports as per Requirement 
Specifications:- 1JNL446257 & 1JNL446256.  

And 
B) The bidder should have supplied at least 30% of required quantity of DC post 
insulators (or) 220kV AC (or) Higher than 220kV AC Post insulators class in any one 
year in last five (5) years from date of 19.05.2015. 

1.6 Manufacturing quality plan 

Bidder to follow valid POWERGRID approved Quality Plan (QP) at contract stage.  
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1.7 Deviations 

The bidder shall list all the deviation from the specification separately. Offers 
without specific deviation will be deemed to be totally in compliance with the 
specification and NO DEVIATION on any account will be entertained at a later 
date. 

1.8 Enclosures 

[1] 1JNL355425 Rev. G  : General requirements for main circuit apparatus 

[2] Customer technical specification section 6.9 HVDC insulators, Bushings, buses 
and hardware & Customer Technical Specification Section 6.15.2 BUSHINGS AND 
SUPPORT INSULATORS 
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1 General
This Specification gives the general requirements on insulator deliveries for the 
Raigarh and Pugalur converter stations, of the ±800kV, 6000MW HVDC Raigarh 
and Pugalur Terminals Project.

This Requirement Specification applies to post insulators and long rod insulators to
be used inside the Valve halls. The insulators shall be complete including needed 
corona rings.

The insulators shall also comply with the applicable requirements given in Section 
6.9 and 6.15.2 of the Customer’s Technical specification and General 
Requirements for Main Circuit Apparatus 1JNL355425. In case of any conflict 
between this RS, Customer Technical Specification and General Requirements for 
Main Circuit Apparatus, the supplier shall inform ABB AB HVDC for a final 
decision.

2 Quantities

2.1 Raigarh Converter Station

Note: For same design of different insulator items, spares will be adjusted.

2.2 Pugalur Converter Station

Note: For same design of different insulator items, spares will be adjusted.

Item
No.

VHall
P1 

VHall 
P2

VHall
P3 

VHall 
P4

Erection 
Spares

Total 
Quantity

Scope

380 3 3 3 3 2 14 SEABB

381 3 3 3 3 2 14 SEABB

382 1 1 1 1 1 5 SEABB

383 1 1 1 1 1 5 SEABB

384 12 12 12 12 5 53 BHEL

Item
No.

VHall
P1 

VHall 
P2

VHall
P3 

VHall 
P4

Erection 
Spares

Total 
Quantity

Scope

390 3 3 3 3 2 14 SEABB

391 3 3 3 3 2 14 SEABB

392 1 1 1 1 1 5 SEABB

393 1 1 1 1 1 5 SEABB

394 8 8 8 8 3 35 BHEL

Not in scope

Not in scope
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3 Standards
The insulators shall be designed according to applicable standards, see clause 12.

4 Technical Data

4.1 Raigarh Converter station
Item 380 
VHall         
Y0-Bus Long 
rod insulator 
(Polymer)

Item 381   
VHall               
!-Bus Long rod 
insulator 
(Polymer)

Item 382
VHall Pole 
bus(COCT) 
Long rod 
insulator 
(Polymer)

Item 383
VHall Pole 
bus Long rod 
insulator 
(Polymer)

Item 384   
VHall Neutral 
bus floor 
mounted 
insulator 
(Porcelain)

Voltage to 
ground (kVrms)

639 326 812 812 110

Voltage to 
ground (kVdc)

633 275 812 812 95

LIWL  (kV) - 1490 1823 1823 534

SIWL  (kV) 1684 1412 1641 1641 516

Dry DC 
Withstand 
Voltage (kV)

1.25 x 633 1.25 x 275 1.25 x 812 1.25 x 812 1.25 x 95

Minimum 
Creepage 
distance (mm)

12660 5500 16240 16240 1900

Maximum 
Tension force  
(kN)

80 80 80 80 -

Minimum 
Cantilever 
strength (kN)  
+ Seismic 
load.

- - - - 8

Mounting
details

Suspended 
from ceiling

Suspended from 
ceiling

Suspended 
from ceiling

Suspended 
from ceiling

On Floor

Length of the 
Insulator(mm)

9125 6525 13215 12280

Note: For some of these insulators, the length of the insulator will be determined by the valve hall design 
which is longer than that determined by the voltage level. In such case the length of the insulator are 
specified.

Not in scope
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4.2 Pugalur Converter station
Item 390 
VHall         
Y0-Bus Long 
rod insulator 
(Polymer)

Item 391   
VHall               
!-Bus Long rod 
insulator 
(Polymer)

Item 392
VHall Pole 
bus(COCT) 
Long rod 
insulator 
(Polymer)

Item 393 
VHall Pole 
bus Long rod 
insulator 
(Polymer)

Item 394   
VHall Neutral 
bus floor 
mounted 
insulator 
(Porcelain)

Voltage to 
ground (kVrms)

612 280 812 812 45

Voltage to 
ground (kVdc)

609 203 812 812 0

LIWL  (kV) - 1429 1800 1800 504

SIWL  (kV) 1656 1400 1624 1624 490

Dry DC 
Withstand 
Voltage (kV)

1.25 x 609 1.25 x 203 1.25 x 812 1.25 x 812

Minimum 
Creepage 
distance (mm)

12180 4060 16240 16240 630

Maximum 
Tension force  
(kN)

80 80 80 80 -

Minimum 
Cantilever 
strength (kN)  
+ Seismic 
load.

- - - - 8

Mounting
details

Suspended 
from ceiling

Suspended from 
ceiling

Suspended 
from ceiling

Suspended 
from ceiling

On Floor

Length of the 
Insulator(mm)

9125 6525 13215 12280

Note: For some of these insulators, the length of the insulator will be determined by the valve hall design 
which is longer than that determined by the voltage level. In such case the length of the insulator are 
specified.

Not in scope
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5 Design

5.1 General
Insulators may be installed (mounted) directly on the ground plane without metal 
support structure. This condition shall be taken into consideration when the arcing 
distances of the insulators are determined.

Creepage distances given in clause 4 of this Requirement Specification shall be 
followed. The insulator sheds shall be evenly distributed along the whole insulator.

Both ends of the long rod insulators shall be furnished with couplings conforming 
to IEC Pub. 60471-1977, 22L.Clevis shall be on the top and Tongue at the bottom 
of the insulator.

For Shed profiles refer General Requirements for Main Circuit Apparatus 
1JNL355425.

Definition for length of long rod insulator see Fig. 1,

Fig 1

5.2 Surface Treatment
The surface treatment and the color of the equipment shall comply with General 
Requirements for Main Circuit Apparatus 1JNL355425.

6 Marking
According to supplier’s standard.

7 Environment

7.1 Indoor conditions 
The indoor environment conditions are specified in General Requirements for Main 
Circuit Apparatus 1JNL355425.

7.2 Outdoor conditions
Not applicable.

7.3 Seismic requirements
Seismic requirements shall be according to General Requirements for Main Circuit 
Apparatus 1JNL355425.
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8 Quality Program
The Supplier shall have implemented and documented a quality program level 
meeting ISO 9001. If the Supplier do not have design responsibility ISO 9002 is 
acceptable. 

8.1 QC Documentation
The documentation must be written in English and shall be complete, reviewed and 
signed for verification and approved by the Supplier.

The quality documents shall be sufficiently detailed and easy to understand. The 
quality documentation shall be available at the Supplier’s premises and shall be 
delivered to Purchaser on request.

9 Tests

9.1 General
The insulators shall be tested in accordance with IEC 61462, IEC 60168, IEC 
60060-1, IEC 61109, other relevant IEC standards   and applicable parts of 
customer’s technical specification 6.9 and 6.15.2.

Solid core ceramic post insulators shall be tested according to IEC 60168.Solid 
core composite long rod insulators shall be tested according to IEC 61109. 
Composite hollow post insulators shall be tested according to IEC 61462.

9.1.1 Type tests

9.1.1.1 Dry Lightning impulse withstand voltage test
Test according to IEC 60168 Clause 4.5 / IEC 61109 Clause 11.1shall be 
performed. No flashover shall occur.

9.1.1.2 Dry Switching impulse withstand voltage test 
Test according to IEC 60168 Clause 4.6 / IEC 61109 Clause 11.1shall be 
performed. No flashover shall occur.
The switching surge voltage wave form shall be such that the time to crest shall be 
between 100 and 300 microseconds, and the time to decay to half of crest value 
between 3000 and 5000 microseconds. Waveform as per IEC is also acceptable 
with no negative tolerance.

9.1.1.3 Dry DC Withstand Voltage test
Test according to IEC/IEEE 65700-19-03 Clause 10.2.2 shall be performed as a dry 
test. No flashover shall occur.

9.1.1.4 Mechanical failing load test/Mechanical load test
Test according to IEC 60168 Clause 5.2 / IEC 61109 Clause 10.4.2 shall be 
performed. For Composite insulators test according to IEC 61462 shall be 
performed.

9.1.1.5 Bending deflection test 
Test according to IEC 60168 Clause 5.3 to a level of 70% of mechanical failing
load shall be performed.
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9.1.2 Type test report
The supplier shall provide valid type test reports for all type tests applicable for 
equipments, to be offered. These type reports should be of the tests performed after 
July 28, 2008 and should be to the satisfaction of purchaser and Customer, 
Powergrid Corporation of India. Failing which type tests shall be performed on the 
insulators and a complete summary of type tests with the required type test reports 
and verifications shall be provided. 

The Supplier shall fill in the document numbers of applicable existing certified 
type test reports. If test reports and verifications from previously performed type 
tests or verifications are referred to, the Supplier shall give details regarding 
similarities and differences in the design and supporting the approval of such test 
reports and verifications. The report shall provide sufficient identification of the 
goods. 

The Type Test reports and verifications shall fulfill the requirements given in the 
specific Requirement Specification for the equipment. The tests shall be 
sufficiently described, named according to applicable standard and with reference 
to the applicable standard stated.

Test Certificates for type tests (design tests) shall be certified test reports from 
official, independent laboratories or under the surveillance of an internationally 
recognized inspection agency.

9.1.3 Routine tests

9.1.3.1 Routine visual examination 
Test according to IEC 60168/ IEC 61109 / IEC 61462 shall be performed.

9.1.3.2 Routine Mechanical test 
Test according to IEC 60168/ IEC 61109 / IEC 61462 shall be performed.

9.1.4 Routine test report
Routine tests shall be performed on each unit to demonstrate the integrity of 
manufacturing and the ability to meet design requirements. Certified routine test 
records shall always be submitted to Purchaser after completion of the testing.

The routine tests shall fulfill the requirements given in the specific Requirement 
Specification. The tests shall be sufficiently described, named according to 
applicable standard and with reference to the applicable standard stated. A table of 
content shall be provided in case the equipment consists of combined apparatus 
subject to routine test and in case of several separate test reports for each 
individual. The report shall provide sufficient identification of product including 
the project specific references given by Purchaser.

9.1.5 Sample tests

9.1.5.1 Verification of dimensions
Test according to IEC 60168/ IEC 61109 /IEC 61462 shall be performed.

9.1.5.2 Temperature cycle test
Test according to IEC 60168 Clause 5.4 shall be performed.
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9.1.5.3 Mechanical failing load test/Verification of Specified 
Mechanical load/Mechanical tests

Test according to IEC 60168/ IEC 61109/ IEC 61462 shall be performed.

9.1.5.4 Porosity test 
Test according to IEC 60168 Clause 5.6 shall be performed.

9.1.5.5 Galvanizing test 
Test according to IEC 60168/IEC 61109 /IEC 61462 shall be performed.

9.1.5.6 Ultrasonic test
Ultrasonic test shall be performed on porcelain insulators (except for hollow 
insulator) as acceptance/sample test.

9.1.6 Verifications
The design verifications are to be performed by means of verifying reports in lieu 
of performing corresponding tests. The reports shall be sufficiently detailed in its 
justification to facilitate and support the approval of each clause to be verified. The 
verification reports and its supporting documents, e.g. reports on previous tests etc., 
shall be referred to in, and submitted with, the ITP. If verifications are still “to be 
done” at the submittal of the ITP, the text “To be verified” shall be written in the 
ITP.

9.1.7 Inspection and Test Plans (ITP)
The Supplier shall submit Inspection and Test Plans based on the requirements of 
the Specifications and the same shall be approved by customer.

The inspection and test plan shall cover all essential inspections for the product and 
shall state, detailed enough for full understanding, the required inspection and 
testing methods, acceptance criteria, reports, etc. All reference documents and 
quality records referred to in ITP’s shall be open to Purchaser and his Customer for 
review at the Supplier's/Manufacturer’s premises.

Hold points and/or witnessing points, normally including type and/or routine tests, 
shall be defined in the ITP’s
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9.1.8 Inspection Notification
Requirements regarding Customer’s participation at inspection of tests, approval of 
test reports and test will be given after Purchase order.

The Supplier shall notify Purchaser in writing 45 days before any relevant test 
indicated in the inspection and test plan, for co-ordination with the Customer, if 
nothing else is stated in the Contract/purchase order.

If the inspection and acceptance tests show that the goods, or any parts thereof, do 
not comply with the requirements in the Purchaser order, the Supplier shall without 
delay remedy any deficiencies in order to ensure that the goods comply herewith. 
New tests shall then be carried out at Purchaser’s request.

If the Supplier delays the test, Purchaser has the right to treat this in the same 
manner as delayed delivery.

Inspection and/or witnessing of testing by the Purchaser and/or his Customer shall 
not relieve the Supplier from any responsibility.

An Inspection Notification is included as an attachment to the purchase order for 
final customer requests to participate when testing the goods.

The Supplier shall submit the Inspection Notification properly completed, for all 
activities requiring a notification.

10 Documentation

10.1 General
All documents shall conform to international practice and shall be issued with a 
unique and easily identifiable document number.

Whenever a document is changed in any way, a new revision of said document 
shall be issued. The revision number, date and reason for revision shall be 
indicated. Page one of a document shall always be issued with a new revision 
number, whenever any other page of the document is revised.

The Supplier shall be responsible for any errors or omissions in the Manufacturer’s 
documentation.

It is Supplier’s responsibility to ensure that the information imparted in the 
documentation is sufficient in all respects.

The documentation shall be considered as of equal importance as any other part of 
the supply.
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10.2 Document types
The delivery shall include, but not be limited to, the following document types:

Dimension outline drawings

Technical description

Test certificates.

Packing lists in English.

All documents listed above shall be presented to the Contractor for review well in 
advance of final delivery time, as stated in the purchase order.

Document and drawings shall be sent by E-mail (file format PDF). 

10.3   Language
The language in all documents shall be English.

11 Enclosures

[1]    1JNL355425 - General Requirements for Main Circuit Apparatus

[2] Customer Technical Specification Section 6.9 HVDC INSULATORS, BUSHINGS, BUSES 
AND HARDWARE and Section 6.15.2 BUSHINGS AND SUPPORT INSULATORS.
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General1.
This Specification gives the general requirements on insulator deliveries for the 
Raigarh and Pugalur converter stations, of the ±800kV, 6000MW HVDC Raigarh 
and Pugalur Terminals Project.

This Requirement Specification applies to post insulators and long rod insulators to 
be used in the outdoor DC yards. The insulators shall be complete including needed 
corona rings.

The insulators shall also comply with the applicable requirements given in Section 
6.9 and 6.15.2 of the Customer’s Technical specification and General 
Requirements for Main Circuit Apparatus 1JNL355425. In case of any conflict 
between this RS, Customer Technical Specification and General Requirements for 
Main Circuit Apparatus, the supplier shall inform ABB AB HVDC for a final 
decision.

Quantities2.

Raigarh Converter Station                                           2.1

Note:

Quantities shall be revised based on the final approved layouts.
For same design of different insulator items, spares will be adjusted.

Item No. DC Filter DC Yard Erection 

spares

Total

Quantity

Scope

320 - 60 6 66 SEABB

321 - 13 2 15 BHEL

322 52 190 24 266 BHEL

323 - 32 3 35 SEABB

325 12 - 1 13 SEABB

326 16 - 2 18 SEABB

327 4 - 1 5 SEABB

328 8 - 1 9 BHEL

330 8 - 1 9 BHEL

331 16 - 2 18 BHEL

371 - 4 1 5 BHEL

Not in scope

Not in scope
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Pugalur Converter Station                                           2.2

Note:
Quantities shall be revised based on the final approved layouts.
For same design of different insulator items, spares will be adjusted.

Standards3.
The insulators shall be designed according to applicable standards, see clause 12.

Item No. DC Filter DC Yard Erection 

spares

Total

Quantity

Scope

340 - 49 5 54 SEABB

341 - 14 2 16 BHEL

342 52 253 31 336 BHEL

345 12 - 1 13 SEABB

346 16 - 2 18 SEABB

347 4 - 1 5 BHEL

348 8 - 1 9 BHEL

350 8 - 1 9 BHEL

351 16 - 2 18 BHEL

371 - 4 1 5 BHEL

Not in scope

Not in scope
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Cantilever Strength4.3

                                               Fig.1

Design5.

General5.1
Creepage distances given in clause 4 of this Requirement Specification shall be 
followed.

Both ends of Item 323 shall be furnished with couplings conforming to              
IEC Pub. 60471- 1977, 22L. Clevis shall be on the top and Tongue at the bottom of 
the insulator.

For Shed profiles refer General Requirements for Main Circuit Apparatus 
1JNL355425.

RIV design5.2
Maximum radio interference voltage for frequency between 0.5 to 2 MHz shall be 
2500μV. The maximum RIV for DC Filter insulators with Item Nos. 325, 326, 327, 
328, 330 & 331 and 345, 346, 347, 348, 350 & 351 for Raigarh and Pugalur 
Converter Station shall be 1000μV respectively. The test voltage is specified in 
clause 4.1 and 4.2.

Surface treatment5.3
The surface treatment and the color of the equipment shall comply with General 
Requirements for Main Circuit Apparatus 1JNL355425.
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Marking6.
According to supplier’s standard.

Environment7.

Indoor conditions 7.1
Not applicable.

Outdoor conditions7.2
The outdoor environment conditions are specified in General Requirements for 
Main Circuit Apparatus 1JNL355425.

Seismic requirements7.3
Seismic requirements shall be according to General Requirements for Main Circuit 
Apparatus 1JNL355425.

Quality Program8.
The Supplier shall have implemented and documented a quality program level 
meeting ISO 9001. If the Manufacturer do not have design responsibility ISO 9002 
is acceptable. 

QC Documentation8.1
The documentation must be written in English and shall be complete, reviewed and 
signed for verification and approved by the Supplier.

The quality documents shall be sufficiently detailed and easy to understand. The 
quality documentation shall be available at the Supplier’s premises and shall be 
delivered to Purchaser on request.

Tests9.

General9.1
The insulators shall be tested in accordance with IEC 61462, IEC 60168, IEC 
60060-1, IEC 61109, other relevant IEC standards and applicable parts of 
customer’s technical specification 6.9 and 6.15.2.

Solid core ceramic post insulators shall be tested according to IEC 60168.
Solid core composite long rod insulators shall be tested according to IEC 61109. 
Composite hollow post insulators shall be tested according to IEC 61462.

Type Tests9.1.1

9.1.1.1 Lightning impulse withstand voltage test
Test according to IEC 60168 Clause 4.5 / IEC 61109 Clause 11.1shall be 
performed. No flashover shall occur.
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9.1.1.2 Wet Switching impulse withstand voltage test                   
Test according to IEC 60168 Clause 4.6 / IEC 61109 Clause 11.1shall be                  
performed. No flashover shall occur.
The switching surge voltage wave form shall be such that the time to crest shall be 
between 100 and 300 microseconds, and the time to decay to half of crest value 
between 3000 and 5000 microseconds. Waveform as per IEC is also acceptable 
with no negative tolerance.

9.1.1.3 Wet DC Withstand Voltage test
Test according to IEC/IEEE 65700-19-03Clause 10.2.2 shall be performed. Water 
shall be applied according to the requirements of IEC 60060-1.No flashover shall 
occur.

9.1.1.4 Mechanical failing load test/Mechanical load test
Test according to IEC 60168 Clause 5.2 / IEC 61109 Clause 10.4.2 shall be 
performed. For Composite insulators test according to IEC 61462 shall be 
performed.
Please note, some of the insulators are horizontal mounted. Hence, the test on the 
insulators shall be performed by mounting insulators horizontally. Refer Appendix.

9.1.1.5 Bending deflection test 
Test according to IEC 60168 Clause 5.3 to a level of 70% of mechanical failing
load shall be performed.
Please note, some of the insulators are horizontal mounted. Hence, the test on the 
insulators shall be performed by mounting insulators horizontally. Refer Appendix.

9.1.1.6 Radio Interference test 
Test according to IEC 60437 shall be performed.

Type test report                                                                  9.1.2
The supplier shall provide valid type test reports for all type tests applicable for 
equipments, to be offered. These type reports should be of the tests performed after 
July 28, 2008 and should be to the satisfaction of purchaser and Customer, Power 
Grid Corporation of India. Failing which type tests shall be performed on the 
insulators and a complete summary of type tests with the required type test reports 
and verifications shall be provided. 

The Supplier shall fill in the document numbers of applicable existing certified 
type test reports. If test reports and verifications from previously performed type 
tests or verifications are referred to, the Supplier shall give details regarding 
similarities and differences in the design and supporting the approval of such test 
reports and verifications. The report shall provide sufficient identification of the 
goods. 

The Type Test reports and verifications shall fulfill the requirements given in the 
specific Requirement Specification for the equipment. The tests shall be 
sufficiently described, named according to applicable standard and with reference 
to the applicable standard stated.

Test Certificates for type tests (design tests) shall be certified test reports from 
official, independent laboratories or under the surveillance of an internationally 
recognized inspection agency.
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Routine tests9.1.3

9.1.3.1 Routine visual examination 
Test according to IEC 60168/ IEC 61109 / IEC 61462 shall be performed.

9.1.3.2 Routine Mechanical test 
Test according to IEC 60168/ IEC 61109 / IEC 61462 shall be performed.

Routine test report9.1.4
Routine tests shall be performed on each unit to demonstrate the integrity of 
manufacturing and the ability to meet design requirements. Certified routine test 
records shall always be submitted to Purchaser after completion of the testing.

The routine tests shall fulfill the requirements given in the specific Requirement 
Specification. The tests shall be sufficiently described, named according to 
applicable standard and with reference to the applicable standard stated. A table of 
content shall be provided in case the equipment consists of combined apparatus 
subject to routine test and in case of several separate test reports for each 
individual. The report shall provide sufficient identification of product including 
the project specific references given by Purchaser.

Sample tests9.1.5

9.1.5.1 Verification of dimensions 
Test according to IEC 60168/ IEC 61109 /IEC 61462 shall be performed.

9.1.5.2 Temperature cycle test
Test according to IEC 60168 Clause 5.4 shall be performed.

9.1.5.3 Mechanical failing load test/Verification of Specified 
Mechanical Load/ Mechanical tests

Test according to IEC 60168/ IEC 61109 / IEC 61462 shall be performed.

9.1.5.4 Porosity test 
Test according to IEC 60168 Clause 5.6 shall be performed.

9.1.5.5 Galvanizing test 
Test according to IEC 60168/IEC 61109 / IEC 61462 shall be performed.

9.1.5.6 Ultrasonic test
Ultrasonic test shall be performed on porcelain insulators (except for hollow 
insulator) as acceptance/sample test.
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Verifications9.1.6
The design verifications are to be performed by means of verifying reports in lieu 
of performing corresponding tests. The reports shall be sufficiently detailed in its 
justification to facilitate and support the approval of each clause to be verified. The 
verification reports and its supporting documents, e.g. reports on previous tests etc., 
shall be referred to in, and submitted with, the ITP. If verifications are still “to be 
done” at the submittal of the ITP, the text “To be verified” shall be written in the 
ITP.

Inspection and Test Plans (ITP)9.1.7
The Supplier shall submit Inspection and Test Plans based on the requirements of 
the Specifications and the same shall be approved by customer.

The inspection and test plan shall cover all essential inspections for the product and 
shall state, detailed enough for full understanding, the required inspection and 
testing methods, acceptance criteria, reports, etc. All reference documents and 
quality records referred to in ITP’s shall be open to Purchaser and his Customer for 
review at the Supplier's/Manufacturer’s premises.

Hold points and/or witnessing points, normally including type and/or routine tests, 
shall be defined in the ITP’s

Inspection Notification9.1.8
Requirements regarding Customer’s participation at inspection of tests, approval of 
test reports and test will be given after Purchase order.

The Supplier shall notify Purchaser in writing 45 days before any relevant test 
indicated in the inspection and test plan, for co-ordination with the Customer, if 
nothing else is stated in the Contract/purchase order.

If the inspection and acceptance tests show that the goods, or any parts thereof, do 
not comply with the requirements in the Purchaser order, the Supplier shall without 
delay remedy any deficiencies in order to ensure that the goods comply herewith. 
New tests shall then be carried out at Purchaser’s request.

If the Supplier delays the test, Purchaser has the right to treat this in the same 
manner as delayed delivery.

Inspection and/or witnessing of testing by the Purchaser and/or his Customer shall 
not relieve the Supplier from any responsibility.

An Inspection Notification is included as an attachment to the purchase order for 
final customer requests to participate when testing the goods.

The Supplier shall submit the Inspection Notification properly completed, for all 
activities requiring a notification.
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Documentation10.

General10.1
All documents shall conform to international practice and shall be issued with a 
unique and easily identifiable document number.

Whenever a document is changed in any way, a new revision of said document 
shall be issued. The revision number, date and reason for revision shall be 
indicated. Page one of a document shall always be issued with a new revision 
number, whenever any other page of the document is revised.

The Supplier shall be responsible for any errors or omissions in the Manufacturer’s 
documentation.

It is Supplier’s responsibility to ensure that the information imparted in the 
documentation is sufficient in all respects.

The documentation shall be considered as of equal importance as any other part of 
the supply.

Document types10.2
The delivery shall include, but not be limited to, the following document types:

Dimension outline drawings

Technical description

Test certificates.

Packing lists in English.

All documents listed above shall be presented to the Contractor for review well in 
advance of final delivery time, as stated in the purchase order.

Document and drawings shall be sent by E-mail (file format PDF). 

  Language10.3
The language in all documents shall be English.

Enclosures11.

[1]    1JNL355425 - General Requirements for Main Circuit Apparatus

[2] Customer Technical Specification Section 6.9 HVDC INSULATORS, BUSHINGS, BUSES 
AND HARDWARE and Section 6.15.2 BUSHINGS AND SUPPORT INSULATORS.
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6.15 HVAC INSULATORS, BUSHINGS, BUSES AND HARDWARE

6.15.1 GENERAL
The insulators, bushings, buses and hardware used in the HVAC
switchyards shall be in accordance with the relevant Standards.

6.15.2 BUSHINGS AND SUPPORT INSULATORS

6.15.2.1 GENERAL

Bushings shall be manufactured and tested in accordance with 
IEC-60137 and IS-2099 & IS-3347 while hollow column insulators 
shall be manufactured and tested in accordance with IEC-233 and 
IS-5284. The support insulators shall be manufactured and tested 
as per IEC-60168, IEC-60273 and IS-2544. The insulators shall
also conform to IEC-60815 as applicable.
The AC Bus post Insulator may be Polymer Insulator.

The insulation levels shall be determined by the Contractor in 
accordance with Section 4 of this Specification, but the minimum 
performance characteristics for the 400 kV ac shall be as
specified in Clause 6.15.2.3.

The creepage distances for the porcelain and silicon rubber
insulators shall be as per Section 4 of TS.

All bushings shall be one piece only and no joints shall be 
accepted. If joint is unavoidable on a bushing, the Contractor 
shall seek Employer's approval on a case to case basis. For wall 
bushings, all required necessary material to fix it to the wall shall 
be supplied along with the bushing.
All AC Bushings upto 400 KV level shall be RIP Bushings

6.15.2.2 CONSTRUCTIONAL FEATURES
a) Porcelain used shall be homogeneous and free from 

imperfections that might affect the mechanical or dielectric 
quality.

b) Glazing of the porcelain shall be of uniform brown colour, free 
from blisters, burns and other similar defects. The ground 
surface shall not be glazed.

c) Condenser type bushing shall be provided with :

i) Oil level gauge.

ii) Oil filling plug and drain valve if not hermetically sealed. 

iii) Tap for capacitance and tan delta test.

d) When bushings have an under-oil end of re-entrant form, the 
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pull through lead shall be fitted with a gas bubble deflector.

e) Where current transformers are specified, the bushings shall
be removable without disturbing the current transformers. 

f) Bushings of identical rating shall be interchangeable.

g) No arching horns shall be provided on the bushings.

h) All ferrous parts shall be hot dip galvanized or zinc plated and 
passivated. All joints shall be air tight. Insulator/bushing 
design shall be such as to ensure a uniform compressive 
pressure on the joints.

i) Support insulators/bushings/hollow column insulators shall be 
designed to have ample insulation, mechanical strength and
rigidity for the conditions under which they shall be used.

j) When operating at rated voltage there shall be no electric 
discharge between conductor and insulators which would 
cause damage to conductors or insulators by the formation of 
substances produced by chemical action. No radio interference 
shall be caused when operating at rated voltage.

k) The design of the insulator shall be such that stresses due to 
expansion and contraction in any part of the insulator shall 
not lead to deterioration.

l) The Bidder/Contractor shall define the type of insulator (type
A or B) as per IEC-60168.

m)Bushing porcelain shall be robust and capable of withstanding 
the internal pressures likely to occur in service. The design 
and location of clamps and the shape and the strength of the 
porcelain flange securing the bushing to the tank shall be such 
that there is no risk of fracture. All portions of the assembled 
porcelain enclosures and supports other than gaskets, which 
may in any way be exposed to the atmosphere shall be 
composed of completely non hygroscopic material such as
metal or glazed porcelain.

n) Special precaution shall be taken to exclude moisture from 
paper insulation during manufacture, assembly, transport and 
erection. The surface of all paper insulation shall be finished
with non-hygroscopic varnish which can not be damaged 
easily.

6.15.2.3 PARAMETERS

The parameters shall be determined by the Contractor, however 
the minimum performance parameters for the 400 kV class post 
insulator shall be as follows:
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a) Lightning impulse withstand positive and 1425 
negative (kVp) (Dry and wet)

b) Switching impulse withstand voltage (kVp) 1050
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c) One min. power freq. withstand voltage 630
(kVrms) (Wet and Dry)

d) Total creepage distance (mm) 10500
e) Total min. cantilever strength (kg) 800
f) Corona extinction voltage (kVrms) 320
g) Total min. height of insulator (mm) 3500

6.15.2.4 TESTS

Each type of bushing and insulator shall be  subjected to type 
and routine tests in accordance with applicable standards and 
acceptance test shall  include one minute dry power frequency 
withstand test and ultrasonic test  (except for hollow insulator). 
The ultra sonic test shall be done on the porcelain before 
assembly. All sample tests and special tests shall also be 
conducted.
Additional type tests to be carried out if joint is provided in 
bushing as follows:

5. Mechanical Bonding test at Jointed Section

6. Tracking and Erosion Test(IEC-60587)

7. Water diffusion Test(Samples to be taken from jointed 
area)

4. Gas leakage test followed by Mechanical tests at the Joint 
area

6.15.3 STRING INSULATORS & HARDWARE

6.15.3.1 GENERAL

The String Insulators  for both AC side and DC side shall be 
polymer insulators. Refer ‘Annexure-String Insulators’ for 
further details on String Insulators.
Insulator hardware shall conform to IS-2486.
The insulation levels shall be determined by the Contractor
in accordance with Section 4 of this Specification but the
minimum performance characteristics shall be as
Specified in  ‘Annexure-String Insulators’

6.15.3.2  
Not Used   

6.15.3.3 Not Used

6.15.3.4 TESTS
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6.9 HVDC INSULATORS, BUSHINGS, BUSES AND HARDWARE

6.9.1 GENERAL
The Contractor shall furnish all bus work necessary to meet the 
operational & performance requirement of this Specification.

All HVDC insulators, bushings, buses, conductors, connectors and 
hardware etc. shall be in accordance with the relevant standards 
and other relevant publications and as modified herein. All
bushings inside valve halls including wall bushings shall be 
silicone rubber housing.

They shall also conform to the requirements of the Clause 6.15 
regarding HVAC equipment. In case of conflict between the 
Clauses 6.15 & 6.9, the latter shall prevail.

Corona shields shall be provided as required.

6.9.2 BUSHINGS, SUPPORT INSULATORS, STRING INSULATORS
& HARDWARE

The support insulators and bushings shall be in accordance with
Clauses 6.15.2 & 6.15.3 of this Specification.

The String Insulators for both AC side and DC side shall be 
polymer insulators. Refer ‘Annexure-String Insulators’ for further 
details on String Insulators.

The insulation levels shall be determined by the Contractor in 
accordance with Section 4 of this Specification.

All bushings shall preferably be one piece only and no joints shall 
be accepted. However, if joint in insulator, tube or conductor is 
unavoidable, and then no relaxation in creepage & flash distance 
shall be acceptable. Joint in condenser core is not acceptable.
Additional type tests to be carried out if joint is provided in 
bushing as follows:

1. Mechanical Bonding test at Jointed Section

2. Tracking and Erosion Test(IEC-60587)

3. Water diffusion Test(Samples to be taken from jointed area)

4. Gas leakage test followed by Mechanical tests at the Joint

                    area
When  wall bushings  are used, the Contractor shall provide 
necessary measures to  avoid uneven wetting of the same.
All the bushings inside the valve hall (converter transformer valve 
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side bushing & HVDC wall bushing for valve hall) shall be dry 
type/SF6 gas filled gas-insulated or combination of both (Am.IV, 
Sl.No.113). Neutral side DC wall bushing for valve hall shall be dry 
type.
For HVDC Bus post Insulators (Both HV and LV side) and HVDC 
outdoor equipment (Both HV and LV side) support insulator shall 
be of silicon rubber. However, porcelain support insulators for 
HVDC disconnectors (HV Side) and for neutral and dc filter 
equipments of BIL less than or equal to 650kV shall be 
acceptable. (Am.I, Sl.No.52 Am.IV, Sl.No.114)

6.9.3 TUBULAR BUS CONDUCTORS, FLEXIBLE BUS-BARS, 
EARTHWIRE, CLAMPS, CONNECTORS, SPACERS ETC.

These shall be in accordance with the relevant clauses of Section
6.15 of this Specification. The size of the tubular bus-conductors, 
number of conductors per pole along with their configuration, etc. 
shall be determined by the Contractor.

6.9.4 TYPE TESTS
The type tests for HVDC insulators, bushings, busses, conductors 
etc. shall be in accordance with the applicable IEC Standards. 
A unit of each type & rating shall be type tested. In addition, the
following special type tests shall also be carried out on a unit of
each type and rating :

6.9.4.1 LIGHTNING IMPULSE TEST

Standard lightning impulse tests shall be carried out in 
accordance with the relevant IEC standards at the voltage levels 
corresponding to the equipment LIWL to ground.

The lightning impulse waves shall be negative polarity for 
bushings and positive polarity for insulators.

6.9.4.2 SWITCHING SURGE TEST

a) For self-restoring insulation, one insulator stack of each type 
shall be selected at random.  Both positive and  negative 
switching surge tests shall be carried out under wet 
conditions.The subject of these tests is to prove that the 
insulation has a no more than 2.3% probability of flashover (2 
standard deviations below critical flashover) in accordance 
with IEC publication. The test would be deemed to have been 
proved if there  are no flashovers during the first fifteen 
applications of voltage. If only one flashover occurs during the 
application of these 15 shots, the test sequence shall be 
repeated and, provided no further flashover occurs, only then 
the object of the test shall be deemed to have been proved. 
Indoor insulators may be tested dry.
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The switching surge voltage wave form shall be such that the 
time to  crest shall be between 100 and 300 microseconds, 
and the time to decay to half of crest value between 3000 and
5000 microseconds.
Waveform as per IEC is also acceptable with no negative 
tolerance.

b) For non-self restoring insulation, the switching surge tests 
shall generally be in accordance with the relevant IEC 
standard, and shall comprise the application of one reduced 
and two full voltage levels.

6.9.4.3  DC WITHSTAND TEST  

An outdoor bushing or insulator of each type shall be subjected to 
a wet withstand test as per Clause 10.2.2 of IEC 62199 with water 
applied according to the requirements of IEC 60060-1.

The bushing shall be considered to have passed the test if no
flashover or puncture occurs. If there is a puncture, the bushing 
shall be considered to have failed the test. If a flashover occurs, 
the test shall be repeated once only. If during the repetition, 
flashover or puncture occurs, bushing shall be considered to have 
failed the test.
For bushings and insulators which are exclusively used indoor, 
the above test shall be performed dry.

6.9.4.4 RADIO INFLUENCE VOLTAGE

Radio influence voltage shall not exceed the values specified at TS 
Clause 4.12.13.

6.9.4.5 TEMPERATURE RISE TEST

Temperature rise test shall be conducted as per IEC-60137 
corresponding to the overload current level.

6.9.5 ROUTINE TESTS
The routine tests shall be performed as called for in the
applicable standards.

          For jointed copper conductor bushing, extended heat run test for
         24 hours after stabilization shall be conducted.
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