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Conductor Type
Conductor Name
Total area

Al cross area
GA cross area

No. and Diameter of Al wires
No. and Diameter of GA wires
Conductor weight

Al Wires Weight

Percentage of Al

Percentage of GA

Max current
at 25 °C
at 40 °C

Max AC resistance
at 25 °C
at 75 °C

Al wires (before stranding)
Tensile Strength, min
Elongation in 250 mm,min
Volume conductivity

GA wires (before stranding)
Tensile Strength, min
Elongation in 250 mm,min

Stress at 1 % extension

Reel weight

Gross weight

Reel: Dimensions
Material

ACSR

355.62
305.82

[Kg / Km]
[Kg/Km]
___________ [Kg/Km] _

0.09879 [Ohm/Km]

0.11830

ASTM B 230
165 [N/mm~2]
2 [%]

61.2 [%IACS]

S S, S,y T, S, S S, S S S S, ) T T, S, S, S S_— S, T, ] S, S, T S T, S, S . - —

ASTM B 498
1410 [N/mm~2]

[%%]

2100%1100
Metal

\Al

GA wire
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TECHNICAL SPECIFICATION

COMPOSITE LONGROD LINE INSULATORS

PART A : GENERAL REQUIREMENT

1- SCOPE

This section of specification defines the requirements for design, detailing,
manufacturing, testing, furnishing and delivery of silicon insulators for use as
suspension / tension Transmission line insulators. If these insulators are subjected to
compression or bending loads when used as phase — spacer or line post insulators , the
requirements will be defined in part ° B .

This Specification present minimum requirements for designing, rated values, material
of components, inspection, construction, test, packing and preparing for transportation
of string insulators. Designing, construction and test of these insulators must be done
according to the latest edition of standards and specifications of this test.

All amendments, references and complementary publications related to these standards
must be considered.

For proper operation, string insulators must be equipped with accessories. Necessary
specification and nominal values must be according to schedule (1) of insulator.
Insulators must be suitable for using in determined, height, environment temperature
and loading conditions.

Name or abbreviated mark of manufacturer, year and location of production and date of
furnace batch must be engraved on each insulator also guaranteed Electro dynamical

strength must be written on the insulator.

All the information must be engravable before furnacing and be permanent, clear and

legible and engraved at the end of insulator also the subjects in IEC N0.383 with other
specifications must be engraved on each insulator so that provides easy selection of the
insulator from a group of similar insulators.

Insulator must be so designed that radio interference be minimized and be without any
corona influence. No cavity reconstruction must be done in insulator units I1EC

standard No 120: Dimensions of ball and socket in string insulator units.

2- STANDARDS




The string insulator units shall be conformed to the latest revision of the standards
stated in below:

IEC Publication 60060-1... High — Voltage Test Techniques.
Part 1 : General definitions and Test requirements .

IEC Publication 60120 Dimensions of ball and socket coupling of string
insulator units .

IEC Publication 60383 Insulators for overhead line with a nominal voltage
above 1000 V . part 1& part 2

IEC Publication 60437 Radio interference tests on high voltage insulators .

IEC Publication 60815 Guide for the selection of insulators in respect of
Polluted conditions,
IEC Publication 61109 .......... Composite insulators for A.C. overhead lines with a
nominal voltage greater than 1000 V .
Definitions , test methods and acceptance criteria .

IEC standard No 506 Switching impulse tests on light voltage insulators.

IEC standard No 575 Thermal — mechanical performance test and mechanical
performance test on string insulators.
IEC standard No 518 Instructions for insulator selection under polluted

environment.

DIN 57441 VDE 0441 Tests on insulators of organic material for systems
PART 1 ° with nominal A.C. voltage greater than 1000 V :
Tests on materials .

DIN 57441 VDE 0441 PART “’ 2 ©* Tests on insulators of organic material for systems
with nominal A.C. voltage greater than 1000 V
Tests on outdoor silicon insulators .

ANSI C29.11 Tests on composite suspension insulators for overhead
transmission lines .

ASTM — A153 Standard specification for zinc coating ( hot — dip ) on
iron and steel hardware




3- GENERAL REQUIREMENTS

3.1 Requirement on the Insulators Manufacturer

The manufacturer shall give evidence about his long term experience in manufacturing

silicon long rod insulators.

A manufacturing experience of at least ten (10 ) years is required. The manufacturer
shall submit a supplying list indicating country, name of customer, system voltage, line
length, and year and climatic and pollution condition. Preference will be given to

longer experience.

Only insulators of such a design shall be considered for which manufacturing and
service experience of at least 10 years can be provided. The contractor shall provide

additional guarantee for long term performance.

Research and investigation laboratories, departments of technology, product planning

and development as well as a quality assurance department are absolutely necessary.

In addition, the manufacturer shall have the engineering facilities to provide

information and advice.

3.2 Design of Insulators

Insulators shall be silicon long rod insulators made of two insulating parts, core and

housing. It is equipped with end fittings.

Tension , Jumpers insulator shall also be equipped with corona and arcing horn devices.




The mechanical functions are taken over by insulator core which shall be a glass—fiber
reinforced epoxy resin rod of high strength (FRP rod).Glass — fibers and resin shall be
optimized.

The rod shall be resistant against hydrolysis, stress corrosion and brittle fracture under

service conditions.

3.2.2 Housing

The core shall be covered by a seamless sheath made of high — temperature —

vulcanizing silicon of a thickness of approx . 3 mm .

This housing protects the core against environmental influences, external pollution and

humidity. It can be equipped with weather sheds.

It shall be a chemical bound between FRP rod, surface and polymer sheath, in order
electrically the interface zone shall be puncture proof.

3.2.3 Weather sheds

The required creepage distance shall be achieved by assembling the respective number
of molded sheds also made of HTV silicon rubber in unique injection molding process.

The sheds and the rod sheath shall be bound together by vulcanization.

The sheds shall provide an open aerodynamic profile without under rips suitable for
desert and marine contamination. Furthermore for the design of shed profile IEC pub.

815 shall be applied. The creepage distance shall be not less than stated in part ©* B “’.

3.2.4 End fittings

End fittings transmit the mechanical load to the core. They are made of forged steel.
The gap between fitting and sheath shall be sealed by and elastomer with permanent
elasticity. The sealing shall stick to the surface of the metal fittings as well as to the
housing. Sealing by compression is not regard to provide sufficient sealing capability in

the long term operation.

Fittings shall be fitted on the rod by a compression method process (preferably coaxial)

which does not damage the individual fibers of the rod in any way.

YA




Fittings configuration are shown on attached conceptual drawings. Dimensions of

clevis and tongue connection shall be in accordance with IEC, pub 60471.

3.2.5 Impenetrability

Impenetrability of the insulators shall be ensured to exclude entry of water. This will be
provided by high pressure injection molding and excellent tightness of bond between
fittings and housing to avoid water penetration to the rod.

3.3 Tolerances

The allowed tolerances on all dimensions shall be in accordance with IEC pub. 611009.

4- TESTS
Sampling, inspection, tests and acceptance of string insulators must comply
with Standards.

All inspections, periodical tests and sample tests specified in applicable standards must

be done, in order to be sure with conformity of material and operations of insulators.

Engineer should have access to calculations, also verifies that specifications of

equipment comply with those specified in this technical specification and the engineer

must present in inspection and tests done by contractor.

Contractor must present certificate of conformity of equipment with design and also
present success full periodical and type test certificate specified in standards.

Employer has the right to present his representative in stages of final factory and
operating test. Contractor must inform the employer 60 days before carrying on the

tests.

4.1 Design Tests




The design tests are intended to verify the suitability of the design, materials and
method of manufacture (technology). These tests are performed in four parts according
to IEC 61109 only once and the results are recorded in a test report.

Each part will be performed independently on new test specimens and are indicated as

below:
41.1 Tests on interfaces and connections of metal fittings ,
4.1.2 Assembled core load — time test ,
4.1.3 Tests of housing and sheds materials ,
414 Tests of core materials.

In any one of above four parts, if details of test specimen, condition and procedure and
evaluation of test result are not specified in IEC 61109 standard DIN / VDE 0441, part
1 shall be applied.

4.2  Type Tests

The tests are intended to verify the main characteristic ( electrical and mechanical ) of a

silicon insulator which are defined by creepage distance, shed inclination, shed

diameter , shed spacing, arcing distance, core diameter and the method of attachment of

the metal fittings .

The electrical and mechanical tests shall be applied to those insulators which have
passed the design tests.

The electrical tests shall be performed with arcing devices, if they are an integral part of

the insulator type.
Tests are classified as follows:
421 Dry lightning impulse withstand voltage test, according to IEC pub.

60383.
Wet power frequency test, according to IEC pub. 60383.
Wet switching impulse withstand voltage test, according to IEC pub.
60383.
Mechanical load — line test , according to IEC 61109.
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Radio interference voltage test , according to IEC pub . 60437 and CISPR
pub. 1A.

In addition to the above tests , the resistance of the insulator rod against
brittle fracture shall be proven by the following test :

Test on resistance of the fiber glass reinforced polymeric (FRP) core against stress

corrosion:

This test shall be performed at ambient temperature to confirm the mechanical

resistance against corrosion stress of the FRP core.
> Test Specimen :

One insulator from the production line or one specimen is used. The specimen shall
have a length between end fittings of at least 10 times the core diameter. The end

fittings shall be identical to those used in the production.

The housing of the insulator shall be removed in the middle part of the insulator on a
length of at least 150 mm. The visible core surface has to be smoothed by means of a
fine abrasive cloth groin size 180. Remaining parts of the housing have to be removed
thoroughly.

An acid container made of polyethylene shall be arranged surrounding the visible core

surface in such a way that the liquid can simply be poured into the container and no
acid comes into contact with the end fittings. The size of the acid container shall be
adapted in such a way that the FRP core is surrounded of a liquid thickness not less
than 1 cm and a liquid level of not less than 4 cm. The container shall be covered to

prevent vaporing of the liquid more than 5 % of its volume during the test period.

> Performance of test

The insulator is subjected to a tensile load applied between the metal parts. The tensile
load shall be increased rapidly but smoothly, from zero up to 67% of the specified
mechanical load (S.M.L.) and then maintained atthis value for 96 hours. Immediately
after applying the load, a nitric acid of a concentration of 1 n (= normal = mol) shall be
poured into the acid container. The acid must not come into contact with the end

fittings.




> Evaluation of the test

The test is passed if no fracture of the core occurs during the 96 hours test.

4.3 Sample Tests

The sample tests are for the purpose of verifying other characteristics of silicon
insulators, including those which depend on the quality of manufacture and on the
materials used. They are made on insulators taken at random from lots offered for
acceptance.

These tests are classified as follows:

4.3.1 Verification of dimensions, according to IEC 61109.

4.3.2 Verification of the locking system
This test applies to insulators equipped with ball and socket coupling as
specified by IEC pub. 60120 and is performed according to IEC pub .60383.
For insulators equipped with clevis or tongue connection IEC pub. 60471
shall be applied.

Verification of the specified mechanical load (S.M.I.L.), according to
IEC611009.

Combined impulse and power frequency voltage test :
This test is performed to verify the electrical strength of the interface,
according to DIN 57441 / VDE 0441, part 2,

Galvanizing test, according to ICE pub. 60383 on galvanized parts.
If only one insulator or metal part fails to comply with the sample tests,

Re-testing shall be performed according to IEC pub. 61109, clause 7.6.

4.4  Routine Tests
Each insulator must be exposed to the following tests in order:
44.1 Visual examination :

The examination shall be on each insulator.

AY




The mounting of the metal fittings on the insulating parts shall be in

Accordance with the drawings.

The color of the insulator shall be approximately as specified in the
drawings.
Cracks in the core and on the shed surfaces are not allowed, individual
Superficial defects areas do not exceed 25 mm*mm and the total defective

area do not exceed 0.2 % of the total insulator surface.

Individual protrusions up to 2 mm on the insulator surface are allowed.

The depth of the cavities on the insulator surface must not exceed 1 mm.

Scaly crumbling only are allowed at the edges of a shed , however , the

total amount of crumbling must not exceed a volume of approximately 100

mm®per 1000 mm of insulating length and an individual crumbing must

not exceed 50 mm® .

Burrs oriented perpendicular to electrical field lines are admissible
providing their height does not exceed 3 mm. Burrs oriented parallel to
electrical field lines are not allowed. Burrs caused during the production

process have to be removed in accordance with clause 4.4.1.

Mechanical Routine Test
Every insulator shall withstand at ambient temperature a tensile load at
routine test load (R.T.L.) corresponding to at least 50% of the specified

mechanical load (S.M.L.) for at least 10 seconds.

4.5 Ageing Test

The manufacturer shall submit test certificate for ageing of insulator under operating
voltage simulating weather conditions according to test procedure set up by CIGRE

Working group 22.10 attached to IEC publ. 61109 as Annex C.
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5 TOLERANCES ON DIMENSIONS
The following tolerances are allowed on all dimensions for which special tolerances do

not apply. X is the dimension in millimeters:

+ (0.04X + 1.5) mm, when X < 300 mm.

+(0.025 X + 6) mm, when X < 300 mm with a maximum tolerance of 50 mm.

INSULATOR STRING

Tension Insulator strings shall be equipped with arcing horn protection devices on
both insulator ends. Arc protection devices shall be designed in such a way to avoid
partial discharges from the ring to the insulator sheds even in case of severe

pollution.

In case of double string insulator sets , the spacing between the insulator strings shall be
not less than 400 mm or at a distance the safely avoids any double — chain effect.
Where multiple strings are in parallel, ensure the assemblies remain intact if one string
fails. Where multiple strings are in parallel, each string shall be attached independently
to the tower.

Ensure by test the ultimate strength of any component or any portion of the total
assembly or the total assembly exceeds the M & E strength of the insulator or insulators

being supported.

7 WARRANTY

The manufacturer shall submit the warranty for good performance of its product. This

warranty shall valid for a period of five (5) years as from date of delivery and include

replacement of insulators, free of charge, because of defective materials or of defective

fabrication.




Contractor must present programming and quality control method so that employer

could be sure of his design management and his technical duties this program shall be

according to 1SO 9000 standard or similar. This program shall be set and executed so
that specifies and prevents items that do not confirm with specifications of contract.
Contractor shall submit copy of quality instruction manual and its required stages to the

engineer.

8 MARKING
Each insulator shall be marked with the name or trademark of the manufacturer and the
year of manufacture. In addition, each insulator shall be marked with the

(S.M.L.).These markings shall be legible and identable.

PACKING
The insulators shall be individually packed in a bag for cleanliness and then boxed
and carried out in wooden crates. Each package of insulators shall be marked with

the type designation used by the manufacturer.
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