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TECHNICAL SPECIFICATION-PIERCING INSULATOR

Insulation Piercing Connectors (IPC)

Insulation Piercing Connectors (IPC) are used for making Tee/Tap-off/Service connectors to an ABC/Bare
Overhead Line.

Insulation Piercing Connectors are designed to make a connection between the uncut main conductor and
a branch cable conductor without having to strip either cable to expose the conductor instead the tightening
action of the IPC will first pierce the Insulation, then make good electrical contact between the main end
and branch conductor while simultaneously insulating and sealing the connection.

Constructional Features of IPC

The housing shall be made entirely of mechanical and weather resistant plastic insulation material and no
metallic part outside the housing is acceptable except for the tightening bolt.

Any metallic part that is exposed must not be capable of carrying a potential during or after connector
installation.

Screws or nuts assigned for fitting with IPC (Insulating Piercing connector), must be fitted with torque
limiting shear heads to prevent over tightening or under tightening (min & max torque values to be specified
by Manufacturer).

The IPC must perform piercing and connection on Main and Branch cable simultaneously.

The IPCs shall be water proof and the water tightness shall be ensured by appropriate elastomer materials
and not by grease, gel or paste alone.

Design of IPC should be such as to not cause damage to insulation of adjacent conductors due to vibration
and relative movement during service.

The connector shall have a rigid removable end cap which can be slide fitted onto the main connector body
on either right or left by the installer (depending on site requirement) for sealing the cut end of the branch
cable. Once the connector is fitted, it should not be possible to remove the cap without removing the
connector.

All the metallic parts of the connector should be corrosion resistant and there should not be any appreciable
change in contact resistance & temperature after overloads & load cycling.

e The contact plates should be made of aluminium alloy.

e  Connector teeth should be factory greased & sealed to retard water or moisture ingress &
corrosion.

e The Insulation material should be made of weather & UV resistant reinforced polymer.

e The outer metallic part should have potential free tightening bolts to allow safe installation on live
lines.

5.1.4 Mechanical Tightening and Electrical Continuity

5.14.1

Connectors shall be tightened upto 70% of the minimum torque indicated by the Manufacturer. At this
torque electrical contact should have occurred between conductors to be joined. Then connectors shall be
tightened up to the breakdown of the shear heads and lastly, upto 1.5 times the maximum torque indicated
by the manufacturer.
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For the connector fitted with two screws on the same core, after the breakdown of the shear heads
tightening may be carried out manually and alternatively using a torque meter. The test conditions shall
be as close as possible to those defined for the use of the test machine as per NF-C standard.

5.1.4.2 At 1.5 times the maximum torque indicated by the manufacturer, there shall be no breakdown of any part
of the connector or the core conductor.

5.1.43  Maximum rated torque shall not exceed 20 N.m for conductor <95 sq.mm and30 for >95 but <150 sq.mm.
5.1.4.4 Tightening screws shall have hex. Heads of 10 mm, 13 mm or 17 mm only.

5.1.5 Effect of Tightening on Main Core of IPC

5.1.5.1  The connector shall be fitted approx. at the centre of the main core, which is secure between two anchoring

points 0.5 mtr. To 1.5 mtr.apart. At the time of fitting the connectors, the main core shall be under
longitudinal tension at 20% of the load indicated in Table-1:

Table-1
Nominal Cross — section (sq.mm.) Tensile Strength (Newton)
16 1200
25 1800
35 2500
50 3500
70 5000
150 10000

5.1.5.2  Tensile strain shall be increased to the full value indicated in the Table 1 and held minute. There should be
no breakdown of the core conductor.

5.1.6 Effect of Tightening on Branch Core of IPC

5.1.6.1 Test specimen shall be made up as in clause 5.1.5.1 except that this shall be do the smallest cross sections
of main and branch conductors within its range.

5.1.6.2  An increasing tensile load shall be applied to the Branch Conductor along the axis of the recess for the
Branch cable. Load shall increase at 100 — 500 N/minute until it reaches the value specified in the Table 2
and maintained for 1 minute.

Table-2
Nominal Cross — section (sq.mm.) Tensile Strength (Newton)
16 (Alu) 290
25 450
35 & above 500

5.1.6.3  No slippage or breaking of conductor shall occur.
5.1.7 Dielectric & Water Tightness Test of IPC
5.1.7.1  The connector is tightened up to the minimum torque indicated by the manufacturer.

5.1.7.2 Connectors are mounted on
. Minimum cross section of main core.
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o Maximum cross section of main core.
5.1.7.3 In each case Branch is of minimum cross section.

5.1.7.4  Protection caps for the branch cable are to be used in accordance with the requirements of clause
5.1.3.7. An additional water tight cap of any design may be used to seal one end of the main cable if it is

immersed under water. No additional gel or any protection is to be provided while installing connector.

5.1.7.5  The entire assembly shall be immersed at a depth of approx. 30cms. For 30 minutes with the free ends
of main and branch cable out of the water.

5.1.7.6  An AC voltage of 6 kV shall be applied between the water bath and each of the cores in turn for 1
minute. There shall be no flashover or electrical tripping with a trip setting of 10 mA + 0.5mA.

5.1.8 Electrical & Ageing Test of IPC

5.1.8.1  Two test configurations are used according to Table 3 with the connections tightened to the minimum
torque specified by their manufacturers and resistancerecorded.

Table - 3
Configuration Main core cross section Branch core cross section
Tensile Strength (K.N)
1st Configuration Maximum Maximum
2nd Configuration Maximum Maximum

5.1.8.2  The configurations are subjected to 200 heat cycles by injecting suitable current into them. In each cycle
the temperature of the conductor shall be raised from ambient to 120 + 5°C as, measured by a
thermocouple.

5.1.8.3  The duration of each heating cycle is chosen to maintain a sufficiently steady temperature of 120 + 5°C
for 15 minutes. The duration of each cooling cycle is chosen to bring the conductor temperature to within
2°C of ambient.

5.1.8.4  Nominal heating current is indicated in the Table-4. It shall be permissible to accelerate the temperature
rise by using a current up to 1.5 times the nominal current and to accelerate the cooling period by use of
a fan or air blower.

Table-4
Nominal Cross — section (sg.mm.) Nominal Heating Current (A)
16 102
25 139
35 175
50 225
70 283
95 350
120 412
150 480
185 545
240 670

5.1.8.5 The over current test of Clause 5.1.9 shall be done after 50 cycles if the connector is a safety connector
designed to ground a phase connector while the line is being worked on.

5.1.8.6 At the end of the 200 cycles the resistance shall again be measured. It shall not differ from the initial value
by more than 12%.
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Over Current Test of IPC

Over current test is required to establish the performance of Safety Connectors that are intended to provide
a safe path to ground for the phases while the line is de-energised for working. It establishes the
performance of the connector under short term over load conditions.

After the first 50 cycles of clause 5.1.8, the connectors are subjected to 4 over currents of 1 sec duration
each.

The conductor temperature at the start of the over current test should be not more than 35°C.

Current density during over current shall be 100 A/sq.mm for Aluminium and 95 A/sq.mm for Aluminium —
Alloy Conductor.

Variation in time of over current is permissible between 0.85 sec & 1.15 sec., provided if maintains the
relationship 12

t = Kwhere,

I = rms value of over current in Amps.

t = time in seconds

K = Constant

After the over current test the electrical ageing test of clause 5.1.8 shall beresumed.
Type Test of IPC

Type Test Reports should be submitted from an Independent Laboratory of Repute or the Works
Laboratory in case of a foreign manufacturer covering the following (on any convenient size of fitting of
same design made from the same materials).

The installation of the connectors shall be done by the laboratory following instructions provided by the
manufacturer.

The Test report shall record the embossing and marking on the connector.

The following shall constitute Type Tests for IPC :
e  Electrical Ageing Test
e Dielectric and Water Tightness Test.
e Mechanical Tightening Test
e Effect of Tightening on main Core
e Effect of Tightening on Branch core
e  Over-current Test (if applicable)

The following shall be Type Test for Suspension Assembly (SA)
e  Mechanical Test

e Voltage Test

e Climatic Aging Test

e  Corrosion Test

e  Endurance Test under Thermal & Mechanical Stresses

The following shall be Type Tests for Anchoring Assemblies (AA)
e  Mechanical Test

e Voltage Test

¢ Dynamic Test

e Climatic Aging Test

e  Corrosion Test

e  Endurance Test under Thermal & Mechanical Stresses
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Anchoring Clamp for Insulated Messenger:

The clamps should be designed to Anchor LT-AB cable with insulated messenger. The clamp should consists
of an Aluminium alloy corrosion resistant castled body, bail of stainless steel and self adjusting plastic wedges
which shall anchor/hold the neutral messenger without damaging theinsulation.

e No losable part in the process of clamping arrangement

e  The clamp should conform to the standard NFC 33041 and 33042 or equivalent 1.S. ifany.

e The clamp body should be made of corrosion resistant Alluminium alloy, bail should be of
stainless steel and wedges should be weather and UV resistant polymer.

e Ultimate tensile strength of the clamp should not be less than 15 km for 50/70sq.mm insulated
messenger wire / 10 KN for 25/35 sq.mm insulated messenger wire.

e Slip load of the clamp should not be less than 3 KN for 50/70 sq.mm. messenger wire / 2 KN for
25/35 sg.mm. messenger wire.

Anchoring assemblies are used to firmly attach the messenger of ABC to a support and transmit the
mechanical tension.
e atthe end of a run or to the supporting structures

e at a major change in direction.

Each Anchoring Assembly shall include.
e One number tension bracket.

e One number wedge type tension clamp
e Flexible Rope for fixing tension clamp to bracket.

Anchoring assemblies shall be supplied in sets to ensure compatibility of the materials against corrosion
or wear of moving parts.

Tension Bracket of AA

The tension bracket shall be made out of a single piece of Aluminium alloy suitable for attachment to a
pole either by

a) 16mm galvanized steel bolt (s) or
b) two stainless Steel straps of 20 x 0.7 mm.

The tension bracket should be designed to ensure the Flexible rope cannot slip out at any angle.

The tension bracket should be rated and tested for the loads specified in Table-5. The load shall be
applied at an angle of 45° from the normal to the surface of mounting of the bracket.

Table -5
Conductor Rating Load for deformation Load for
Size <10mm (Newtons) deformation
(Sq.mm.) <30mm & no-break
(Newtons)
25-35 1500 Kg. 12,000 15,000
50-95 2000Kg 15,600 19,500

Flexible Rope of AA

The Anchoring assembly shall be supplied with a stainless steel flexible Rope to connect the Tension
Clamp to the Tension Bracket.

5.2.5.2 The rope should have sufficient flexibility to ease the torsional movement of the ABC System.

5.2.5.3

The Rope should be pre-fitted with compression type end fittings to secure the tension clamp.
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A wear resistant moveable saddle should be un-loosably fitted on the Rope to prevent abrasion at the
point of fitting into the tension bracket.

. The Rope should have sufficient mechanical strength to withstand the mechanical test for the complete

assembly tests in this specification.
Wedge Type Tension Clamp of AA
Wedge type clamps shall be used for clamping the messenger without damaging the insulation.

The clamp shall be capable of clamping an uncut messenger so that it can continue without break to the
connecting point or next span.

The clamp shall be fully insulating type of mechanical and weather resisting thermoplastic.
No bolts or loose parts are allowed as part of the Clamping system.
No tools shall be needed for fitting the messenger into theclamp.

The clamp shall be self tightening and capable of holding without slippage the load specified in the
Table-6.

Table - 6
Conductor Size Rating (Kg.) T start (I T final
Sg. mm. Dia. (mm) minute) (I minute)
(Newtons) (Newtons)
25-35 8-11 1000 Kg. 8,000 10,000
50-54 8-11 1500 Kg. 12,000 15,000
70-95 13.5-16 2000 Kg. 12,000 15,000

After fitting the insulated messenger in the clamp, load T start will be held for 1 minute & then load
increased to T final at rate between 5000 — 7,500 N/mtr. In each case there shall be no breakdown of
any part of clamp and slippage of messenger in relation to the clamp.
Voltage Test on Clamp of AA

Voltage test is carried out on anchor clamps to ensure no damage is caused to the insulated messenger.

A conductive rod of dia. corresponding to the average dia. that can be accommodated in the clamp is
fitted into the clamp, protruding by approx. 50mm at each end of the tightening piece.

The rod and clamp is subjected to tensile load as stated in Table 7 below when fixed to a support in its
normal manner.

Table - 7
Conductor Size Normal rating Load Applied
Sq. mm. Dia. (mm) (kg) \N)
25-35 8-11 1000 2000
50-54 8-11 1500 4000
70-95 13.5-16 2000 4000

A power frequency voltage of 6 kV is applied for 1 minute between the rod and conductive part of the

clamp, or fixation point in absence of conductive part.
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No breakdown or flashover shall occur. There shall be no tripping due to leakage with a setting of 10 +
0.5 mA.
Endurance under Mechanical & Thermal Stress of AA
This test is done on clamp rated 1500 Kg. or 2000 Kg. using insulated messenger 50 to 70 sq. mm.

A neutral messenger is fitted between two anchor clamps, with clamp spacing approx. 5 mtr. & 1 mtr. Of
messenger protruding from the end. Marks are made to enable measurement of slippage.

The sample is subjected to 500 cycles of 90 minutes each as described below:

Messenger temperature is raised by passing an AC current to 60 +30 C within 15 minutes. This
temperature is maintained for at least 30 minutes to give a total heating period of 45 mts.per cycle.

Messenger is allowed to cool naturally to ambient for further 45 minutes to complete 90mts. Cycle time.
Mechanical load is applied during the cycle as per table 8 below. Load F1 is applied throughout the cycle,

except for a short period of 5 sec. to 60 sec. when it is gradually increased from F1 to F2 at any time
during the last 15 minutes of the 90 minute cycle.

Table - 8
Conductor Size Rating (Kg.) F1 (Newtons) F2 (Newtons)
Sg. mm. Dia. (mm)
25-35 8-11 1000 Kg. 2,200 5,000
50-54 8-11 1500 Kg. 4,000 7,500
70-95 13.5-16 2000 Kg. 4,500 10,000

There should be no slippage greater than 4 mm after 2 cycles or greater than 8 mm after 500 cycles.

Voltage test is done at the end of the 500 cycles by immersing the test specimen of neutral messenger
and clamps in water of resistively not less than 200 Ohm mtr. For 30 minutes.

A voltage of 10 kV ac is applied for 1 minute between messenger and water bath
using a trip setting of 10 + 0.5 am. There should be no breakdown or tripping.

Suspension clamp for insulated neutral messenger:

The clamp should be designed to hang L.T — AB cable with insulated neutral messengers. The neutral
messengers should be fixed by an adjustable grip device. A movable link should allow longitudinal and
transversal movement of the clamp body.

e No losable part in the process of clamping arrangement.

e The clamp should conform to the standard NFC 33040 or equivalent L.S, ifany.

e The clamp and the link made of Polymer should provide an additional insulation between the
cable and the pole.

e The clamps and movable links should be made of weather and UV resistant glass fibre reinforced
polymer.

e Clamps should be fixed with pole by eye hook / bracket. Bracket should be made of corrosion
resistant alluminium alloy.

e Ultimate tensile strength of the clamp should not be less than 15 KN for 50/70 sq.mm. Insulated
messenger wire 4.3 KN for 25/35 sq.mm. Insulated messenger wire.

e Maximum allowable load of the clamp should not be less than 20 KN for 50/70 sq.mm. insulated
messenger sire/15 KN for 25/30 sq.mm insulated messenger wire.
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5.3.1 Suspension Assembly is used for supporting an ABC by installation on the messenger at an intermediate
point of support such as a pole. It can accommodate small angles of deviation upto30°.

5.3.2 Each Suspension Assembly shall consist of:

e  One number Suspension Bracket.
e  One number moveable (articulated) connecting link.
e  One number Suspension Clamp.

5.3.3  Suspension Assemblies shall be supplied in sets to ensure compatibility of the materials against corrosion or
wear of rotating/moving parts.

5.34 Suspension Bracket of SA

5.3.4.1 The Suspension Bracket shall be made from single piece alluminium alloy suitable for attachment to a pole
by either.

a) 16 mm galvanized steel bolt or
b) Two stainless steel straps.

5.34.2 The Suspension Bracket shall be provided with an upper bulge to prevent the clamp from turning over
on the Bracket for more than 45 O from the horizontal or to within less than 60 mm from the pole / fixing
structure.

5.34.3 The Suspension Bracket should be so designed to ensure that the articulated link cannotslip out of it.
5.3.4.4  Suspension Brackets shall be designed to withstand a load applied at the anchoring point of the movable

link as per Table — 9 below without deformation of more than 10mm or breakdown at 330 below
horizontal (there should be no longitudinal component of load parallel to the plane of fixing).

Table -9
Conductor Size Normal rating Load
Sq. mm. Dia. (mm) (kg) (N)
25-35 8-11 1500Kg. 12500
70-95 13-17 2000Kg. 14000
5.3.5 Movable (Articulated) Link of SA
5.3.5.1 Movable Links are used between the Suspension Bracket and Suspension Clamp to allow a degree of

movement and flexibility between the two.

5.3.5.2 Moveable Links should be made fully of insulating type of mechanical and weather resistant thermoplastic.
A metallic wear resistant ring should however be fitted at point of contact between the Suspension Bracket
and the movable link.

5.3.5.3 The Movable link should be unloosably fitted to the Bracket and the Clamp.

5.3.6 Suspension Clamp of SA

5.3.6.1 Suspension Clamps are used for locking the messenger of the ABC bundle without damaging the
insulation or allowing the messenger to become dismounted from thefitting.

5.3.6.2 The Suspension Clamp shall accommodate messenger wires from 25 to 95 sq.m.

5.3.6.3  The Suspension Clamp shall be made fully of insulating type of mechanically strong and weather resistant
plastic.
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Bolts should not be used for clamping / locking the messenger in the Clamp.
There shall be no losable parts in the Suspension clamp.
The Suspension Clamp should be unloosably fitted to the rest of the Suspension Assembly.
Mechanical Test on Clamp of SA
The Sub Assembly shall be subjected to a vertical load applied as per drawing in accordance with Table-

10. There shall be no breakdown or permanent deformation at load T initial for 1 minute or when the
load is increased to T final and released.

Table - 10
Conductor Size Rating (Kg.) T start (I minute) T final
Sg. mm. Dia. (mm) (Newtons) (I minute)
(Newtons)
25-54 8-15 1500 Kg. 9,600 12,000
70-95 13-17 2000 Kg. 12,800 16,000

5.3.7.2

A sample messenger shall be fitted into a fixed suspension clamp and subjected to a gradually applied
longitudinal load of 300 N. There shall be no permanent slip page.
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5.3.8 Voltage Test of SA
A copper foil is wrapped at the clamping point around the maximum size of messenger allowed in that
clamp. An ac voltage of 6 KV is applied between the copper foil and nearest conductive point of the clamp
or into its absence to the point of fixation. The voltage should be withstood for 1 minute without
breakdown or flashover.

5.3.9 Test Under Mechanical & Thermal Stress

5.3.9.1 The test specimen is made up of approx. 10mts. Of messenger wire strung between two anchor clamps
with a Suspension Clamp fixed in the middle. Masses of 40 Kg. are suspended at a distance of 1-2mtr.
On either side of the Suspension Clamp with a fixing mechanism of mass 2 + 1Kg.

5.3.9.2 The specimen is subjected to 500 cycles of 90 minutes each. Each cycle consists of thefollowing:

a) For first 75 minutes a constant longitudinal tension of 4000 N is applied to the messenger for rating of
1500 Kg. and of 4500 N rating of 2000 Kg. while 64cycles right and left oscillation are produced on the
clamp 32%on either side of the vertical.

b) During the first 45 minutes an intermittent current of 4-5 A/sq.mm is applied to maintain the conductor
temp at 60 + 3°C.

c) During the next 45 minutes of the cycle the conductor is allowed to cool down naturally to the ambient.

d) At the 75th minute, after having completed 64 oscillations, the oscillations are stopped and the
longitudinal tension is increased to 7500 N for 1500 kg. Rating and 10000 N for 2000 Kg. Rating.

3.9.3 No messenger slippage should occur within the Suspension Clamp during the 500cycles.

5.3.9.4 At the end of the 500 cycles, the messenger is immersed in water for 30 minutes. It is then tested to withstand
10 kV ac for 1 minute with a trip setting of 10 + 0.5 mA. There should be no breakdown or flashover.

54 Acceptance Tests
5.4.1 The following shall constitute Acceptance Tests for Insulation Piercing Connectors(IPC):
e Visual *

e Dimensional (as per SCD and overall dimensions submitted with Tender Offer)*
e  Electrical Ageing Test ***

e Dielectric and Water Tightness Test. **

e Mechanical Tightening Test **

e Effect of Tightening on Main Core **

e Effect of Tightening on Branch Core **

The above tests are to be carried out as per sampling plan below. However electrical geing test on IPC
(market***) is to be done on only one connector of each type and size.

In case of random failure/defect, double the sample lot is to be drawn and there should be no
failure/defect exceeding half the permissible defects (rounded down) shown in the chart.
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For tests Marked* For tests Marked**
Lot Size Sample Size Max. Sample Size Max.
permissible permissible
Defects Defects
Upto 100 2 nil 2 nil
101 to 1000 6 nil 4 nil
>1001 0.01% 0.1% of pieces 4 nil
subject to checked
min. 6 pieces

The following shall constitute acceptance tests for Anchor Assemblies:

e Visual *

e Dimensional (as per SCD and overall dimensions submitted with Tender Offer)*
e Mechanical Test on Bracket**
e Mechanical Test on Clamp **
e Voltage Test *

The following shall constitute acceptance tests for Suspension Assemblies:

e Visual *

e Dimensional (as per SCD and overall dimensions submitted with Tender Offer)*
e Mechanical Test on Bracket**
e Mechanical Test on Clamp **
e Voltage Test *

The above tests (for AA & SA) are to be carried out as per sampling plan below. In case of random
failure/defect, double the sample lot is to be drawn and there should be no failure/defect
exceeding half the permissible defects (rounded down) shown in the chart.

For tests Marked* For tests Marked**
Lot Size Sample Size Max. Sample Size Max.
permissible permissible
Defects Defects
Upto 100 2 nil 1 nil
101 - 500 5 1 2 nil
501 - 2500 10 2 2 nil
2501 & 10 + 0.2 2 + 10% pf addl. 4 1
above % Sample quantity




