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POLYESTER ENAMELLED ROUND COPPER CONDUCTORS

(TEMPERATURE INDEX 155)

1.0 GENERAL:
This specification governs the quality of round copper conductors insulated with flexible
insulating enamel based on terephthalate polyester of temperature index at least 155 in
Fine, Medium and thick covering.
2.0 APPLICATION:
For use in winding of Transformer, Switchgear, Industrial Machines, control gear and
Traction Motors etc.
3.0 COMPLIANCE WITH NATIONAL STANDARDS:
The specification generally conforms to IS: 13730 Part 3 with alternative/additional
requirements laid in clauses 5, 6.3, 8.7
4.0 SIZES AND GRADE:
41 The conductor shall be supplied to the sizes and grade of covering specified on our order.
4.2 The sizes shall preferably be selected from column 1 of Table 1 and overall diameter of the
covered conductor shall also be stated on the order.
5.0 JOINTS:
No joints shall be made in the copper conductor after it is drawn. Any joints made during
the drawing process shall be only resistance welded.
6.0 CONDUCTOR:
6.1 Tolerance on Nominal Diameter:
The tolerance on diameter of conductor shall be in accordance with column 2 of Table 1.
6.2 Conductor Material:
The conductor shall be manufactured from ETP grade high conductivity copper
conforming to IS: 191
6.3 Electricals Resistance/Resistivity:
a) Upto and including 1.0 mm dia.
The resistance of the conductors in "as received" condition at 20°C shall be as per
1S:13730, Part 3.
b) Over 1.0 mm dia.
The resistivity of the conductors in "as received" condition shall not be greater than
0.01739 ohm/mm?2/m.
Revisions: APPROVED:

As per Clause No.40.4 of MOM of MRC — E&IM INTERPLANT MATERIAL RATIONALISATION

COMMITTEE — MRC(E&IM)
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6.4

7.0

8.0
8.1

8.2
8.2.1

8.2.2

8.2.3

8.3

8.4

Elongation:

The elongation of fracture shall not be less than that given in column 3 of Table 1.

OVERALL DIAMETER & INCREASE IN DIAMETER:

The maximum overall diameter of the covered conductor for fine, medium and thick
covering shall be as specified in column 4, 6 and 8 of Table 1 respectively. The increase in
diameter due to fine, medium and thick covering shall not be less than that given in
columns 5, 7 and 9 of Table 1 respectively.

ENAMEL COVERING:

General:

The conductor shall be completely and uniformly covered with a durable, flexible,
synthetic enamel of terephthalate polyester base. The enamel shall have a smooth surface
free from embedded particles of dust and other deleterious materials.

Flexibility and Adherence of Enamel:
Mandrel Winding test:

After winding ten contiguous turns on a polished mandrel, the diameter of which is in
accordance with column 10 of Table 1. The covering of the sample shall show no cracks
when examined under a magnification of 10 to 15 times.

Conductor of bare nominal diameter up to and including 0. 25 mm shall be stretched 20%
or to the breaking point of the conductor material whichever is less before winding on the
mandrel.

The mandrel shall be rotated at between 1 and 3 turns per second, the tension on the wire
being just sufficient to keep it in contact with the mandrel. Care shall be taken to avoid
elongation or twisting of the wire. Three tests shall be made.

Jerk Test:

This test is applicable to conductors of diameter up to and including 1.0 mm. When the
specimen is suddenly stretched to the breaking point or to the elongation as specified in
column 3 of Table 1, the covering of sample shall show no cracks or loss of adhesion when
examined under a magnification of 10 to 15 times.

Peel Test:

This test is applicable to conductor of diameter over 1 mm. The enamel shall show
flexibility and it shall not be possible to remove the enamel without difficulty from the
wire e. g. with thumb nail, when the wire twisted in the rotating device to the extent that
the product of the bare nominal diameter and the number of revolution is 150.

Cut through Test:

When tested in accordance with IS: 13730 Part 3 specimen shall show no break down
Within 2 minutes at 240°C.

Springiness Test:

This test Is applicable to conductors of diameter from 0005 mm, upto and including
1.6 mm. When tested in accordance with IS: 13730 Part 3. The wires shall not extend the
maximum spring as given in Table-3 of IS: 13730 Part 3 on a mandrel and under a
tension specified therein.
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8.5

8.6

8.7

8.7.1

8.8
8.8.1
8.8.1.1

8.8.1.2

8.8.1.3

Heat Shock Test:

Three test specimens shall be prepared by winding 10 contiguous turns round a polished
mandrel with mandrel diameter. given below. The samples shall be kept for 30 minutes in
a forced air circulating oven at a temperature 175° - 180°C. After removal from the oven,
the specimen shall be allowed to cool to room temperature and shall be examined under a
magnification of 10 - 15 times. Each specimen shall be free from cracks.

Nominal Diameter (mm)

Mandrel
Over OV?T Upt'o and Diameter(mm)
including

- 0.04 0.20
0.04 0.25 5d
0.25 1.00 7d
1.00 2.00 7d
2.00 5. 00 8d

Solvent Test:

When tested In accordance with IS: 13730 Part 3 / IEC 60851 Part 4. The enamel of the
conductor shall not be removed down to the conductor in any one of three tests with a
pencil of hardness “H”.

Resistance of Enamel to Oil:

When tested in accordance with the method mentioned below the enamel shall be such
that it shall not be removed down from the conductor by scraping with thumbnail.

Test Method:

The enameled wire shall be wound in contiguous turns on a polished metal mandrel
2.5 cm in diameter for about 10 mm length on the mandrel. The mandrel with the wire
shall then be immersed in insulating oil to IS: 335 for 6 hours at 110° + 2°C, then shall be
taken out and allow to cool to room temperature. The specimen shall then be scraped with
the thumb nail.

Breakdown Voltage:
Breakdown Voltage At Room Temperature
Conductor Sizes up to and including 0.040 mm.

When tested in accordance with IS:13730 Part 3, at least four of five samples shall not
breakdown at voltages less than those given in columns 11 & 12 of Table 1.

Conductor sizes over 0.040 mm, up to and including 2.5 mm:

When tested in accordance with IS:13730 Part 3 at least four of five samples shall not
breakdown at voltage less than the value given in columns 11, 12 and 13 of Table 1. If
however, one of the five samples tested one has a lower value than that mentioned in
column 11, 12 and 13 of Table 1, the test shall be repeated with a second series of
samples and no failure shall occur.

Conductor Sizes Over 2.5 mm:

When tested in accordance with IS: 13730 Part 3 at least four of five samples shall not
breakdown at voltages less than 1000 volts (for fine covering) 1600 volts (for medium
covering) and 2400 volts (for thick covering).
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8.8.2 Breakdown Voltage at Higher Temperature:

8.9

8.10

9.0

10.0

11.0

75% minimum of the appropriate values gives in the columns 11, 12 and 13 of Table 1,
when tested at 155°C.

Continuity of Covering:

This is applicable to conductors of diameter up to and including 0.5 mm. When tested in
accordance with IS:13730 Part 3 the number of faults in a 50 meters length shall not
exceed the appropriate value given in columns 14, 15 and 16 of Table 1.

Abrasion Test: (IS: 13730 Part 3):
Shall pass the test.

TEST CERTIFICATE:

Unless otherwise specified three copies of a test certificate shall be supplied along with
each consignment.

In addition, the supplier shall ensure to enclose one copy of the test certificate along with
their dispatch documents to facilities quick clearance of the material.

The test certificate shall bear the following information:

AA28145 (Rev 02) - POLYESTER ENAMELLED ROUND COPPER CONDUCTORS
(TEMPERATURE INDEX 155)

BHEL's Order No.

Supplier's Reference

Batch / Lot No, Grade of covering

Size of conductor

Test values obtained/certificate of compliance with clause 6 to 8.

Note: On first consignment for establishment of material, supplier shall indicate the type and
make of enamel with life time characteristics along with the sample of enamel for infra red
spectrograph for our approval on subsequent orders, Certificate that the supplier has used the
approved enamel as identified by IR spectrographs method only shall be used.

PACKING AND MARKING:

The conductors shall be wound on reels, and packed, wrapped and labelled in accordance
with IS: 482 -'Specification for Reels for Covered, Solid, Round Electrical Winding Wires"

Flange diameters of reels shall conform to Table-1 of IS: 482 but wires between 0.914 mm
and 0.315 mm shall be wound only on reels conforming to column 2 or 3 Table III of the
above IS 482. Each reel shall be marked with the following:

AA28145 - POLYESTER ENAMELLED ROUND COPPER CONDUCTORS
(TEMPERATURE INDEX 155)

BHEL Order No.

Supplier's Name.

Size and Grade of conductor.

Quantity

REFFERRED STANDARDS (Latest Publications including amendments)
1) IS: 13730 2) IS: 335 3) IS: 482 4) IEC 60851 - 4




AA28145
Rev No.02
PAGE 5 of 5

SPECIFICATION

CORPORATE PURCHASING

- - - 00£9 (0047 0052 pz 10T°0 5992 1100 1€5°2 2500 1092 €e 5200 0052
- - - 00£9 (0047 0052 p T0T°0 2512 €100 0z12 6v0°0 2602 €e 0200 0002
- - - 0019 00EY (0]0]724 p 00T°0 6v0'C 2,00 8102 6v0°0 066'T ze 6100 006'T
- - - 0019 00EY (0]0]724 p 6600 L¥6'T 1,00 916'T 8¥0°0 888'T ze 8100 008'T
- - - 0019 00EY (0]0]724 p 1600 8T 6900 €181 L¥0°0 S8.T ze 1100 00L'T
- - - 0065 000t 00€2 p 9600 LT 8900 TILT 9¥0'0 €89'T ze 9100 009°T
- - - 0065 000t 00€2 p ¥60°0 8€9'T 1900 S09'T S¥0°0 18S'T ze ST00 00S'T
- - - 0065 000t 00€2 p €600 GeS'T 9900 90S'T ¥¥0°0 6.7'T ze ¥10°0 0ov'T
- - - 0095 006€ 0022 p 1600 eSY'T ¥90°0 €T £v0°0 16T ze €100 0zeT
- - - 0095 006€ 0022 p 6800 18T €900 15€T Zv0'0 GZeT 1€ €100 0S2'T
- - - 0095 006€ 0022 p 880°0 80T 2900 6.2T Zv0'0 652'T 1€ 2100 08T'T
- - - 00€S 008¢€ 0012 p 1800 vzt 1900 JAYA 700 26T'T o€ 1100 0ZTT
- - - 00€S 008¢€ 0012 p 5800 YET'T 0900 GST'T 0v0'0 0€T'0 o€ 1100 090°T
- - - 00€S 008¢€ 0012 p ¥80°0 €Tt 6500 €60'T 6£0°0 8900 o€ 0100 000'T
- - - 001§ 00.€ 0002 p 1800 L10T 1500 066'0 8€0°0 596'0 62 6000 006°0
- - - 00.t 00S€ 006T p 8/0°0 1160 ¥50°0 588°0 9200 198°0 8z 8000 0080
- - - 00Lt 00S€ 006T p §/0°0 858°0 2500 2€8°0 S€0°0 608°0 8z 8000 050
- - - (0047 00T€ 008T p ¥20°0 G180 1500 06.°0 ¥€0°0 19270 8z 1000 0TL0
- - - (0047 00T€ 008T p 1,00 0€L°0 6v0°0 90,0 2€0°0 ¥89°0 Vi 9000 0€9°0
- - - (0047 00T€E 008T p 1900 959'0 9¥0'0 2€9°0 0£0°0 1190 9z 9000 0950
1% L 1T 000t 0082 009T p 590°0 1650 ¥¥0°0 6950 6200 8¥5°0 Sz 5000 0050
1% L 1T 000t 0082 009T p 2900 8€5°0 v0°0 9150 1200 S67°0 Sz 5000 0S1°0
1% L 1T 00.€ (0]0]724 00vT p 8500 £€8Y°0 8€0°0 2970 5200 rro 144 5000 00t°0
1% L 1T 00.€ (0]0]724 00vT p 9500 SEY'0 9200 ¥Iv'0 ¥20°0 S6£°0 €z ¥00°0 §GE°0
1% L 1T 00€€ 0022 0021 p €500 16€°0 ¥€0°0 TLE0 2200 25€0 €z ¥00°0 STE0
1% L 1T 00€€ 0022 0021 p 1500 £5€°0 2€0°0 ¥€€°0 1200 STE0 I ¥00°0 08Z°0
1% L 1T 000€ 0002 000T pe 8¥0°0 0z€0 T€0°0 T0€°0 0200 ¥82°0 I ¥00°0 0520
1% L 1T 000€ 0002 000T pe 9¥0'0 062°0 0£0°0 2.20 6T0°0 652°0 12 €000 ¥2z0
1% L 1T 0052 00.T 006 pe €700 1920 8200 S¥Z°0 8100 0€2°0 12 €000 00Z°0
1% L 1T 0052 00.T 006 pe 0v0'0 1€2°0 1200 2220 1100 602°0 0z €000 08T°0
¥ L 1T 0022 00ST 008 pe 1€0°0 €120 5200 66T°0 9100 18T°0 6T €000 09T°0
9 1T 91 0022 00ST 008 pe ¥€0°0 68T°0 ¥20°0 9/T°0 ST0°0 9910 8T €000 ovT 0
9 1T 91 008T 00€T 002 pe 2€0°0 T.T0 2200 6ST°0 €100 6vT°0 LT €000 S2T°0
9 1T 91 009T 0021 009 pe 8200 rT°0 6T0°0 6210 1100 1210 91 €000 00T°0
z1 ST I - 002 0S¢ pe - - 0100 8900 5000 2900 0T - 050°0
z1 ST I - 00T oy | 0ST0 - - €000 1200 2000 5200 9 - 0200
9T ST vT €T z1 1T 0T 6 8 L 9 g v € z T
Jesiesy
NINVIGNI| XVINVIQ | NINVIONI| Xvwvia | NINviaNI| XV vid
MOHL | 3w ani MOIHL a3aw ani 3SVI¥ONI| TIVHIAO| ISVINONI [ TIv¥3A0| 3svauoNi| Tiveano
XVIA SL'INVA HO'ON (SNY)SL'TIOA MOIHL NAIdHIN UNIA
NI % F WIN VI
ALANLINOD NI A 08 (ur) HNTIHAOD NOLLVONOTH | IONVIATOL | TVNINON

] U 50T
affeL

I 219%e,




