"Page 1 of 2 | A & C Slip No. 9 to Spec No. ETI/OHE/76(6/97) with A&C Slip No. 1, | W.e.f 28.11.2016

3,4,5, 6, 7 &8 for Hard Drawn Grooved Copper Contact Wire for

Reason for Amendment:

Over Head Electric Traction.

~= " A&C Slip No-09 =+

some manufacturer

To address the issue of short length being supplied by

Date of Issue: November 2016

Sl. Clause No. Existing Provisions As amended

No.

1. 2.1 In the preparation of this|In the preparation of this
specification assistance has | specification  assistance has
been taken from the | been taken from the following
following standards and | standards and specifications.
specifications.

2.1.1 1S:191 (Pt.V)-1980
2.1.1 1S:191 (Pt.V)-1980 Specification for copper.
Specification for copper. 2.1.2 1S5:1778 -1980
2.1.2 1S: 1778 -1980 Specification for Reels and
Specification for Reels and | drums for bare conductors.
drums for bare conductors. 2.1.3 1IS: 1885 (Pt.xxxii)-1971
2.1.3 1IS: 1885 (Pt.xxxii)-| - Glossary of terms for
1971 - Glossary of | electrical cables and
terms for electrical cables | conductors.
and conductors. 2.1.4 1S:9713-1983
2.1.4 1S :9713 -1983 -Specification for hot

-Specification for hot rolled electrolytic copper wire

rolled electrolytic copper rods for electrical conductors.

wire rods for electrical | 2.1.5 15:440-1964 -

conductors. Methods of chemical
2.1.5 1S:440-1964 - analysis of copper.

Methods of chemical | 2.1.6 IS 191 (Pt.III)-1980
analysis of copper. - Specification for
2.1.6 IS 191 (Pt.III)-1980 copper.

- Specification for | 2.1.7 NEMA WC 26-2008

copper. : Binational Wire
and Cable Packaging Standard.

23 10.3.1 The contact wire shall be | (i) The contact wire shall be
supplied properly wound on supplied properly wound on
wooden drums in specified either wooden drums or
lengths as required by the corrugated steel drums (type
purchaser, the turns of the of drum required whether
wire being close and wooden or steel to be
continuous without any specified by the purchaser in
overriding except on the first his purchase order) in
and last turns of each layer. A specified lengths as required
drum shall carry only one by the purchaser, the turns of
continuous length of contact the wire being close and
wire. The plastic sheet continuous  without  any
covering over the last layer of overriding except on the first
the contact wire shall be and last turns of each layer,
provided to avoid any damage | (ii) A drum shall carry only
to contact wire, loss/damage one continuous length of
due to entanglement of wire, if contact wire.
any, will be to suppliers| (iii) In order to avoid any
account. - damage - to- Contact Wire,

corrugated paper sheet of
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J Page 2 of 2 | A & C Slip No. 9 to Spec No. ETI/OHE/76(6/97) with A&C Slip No. 1,

| 3,4,5, 6,7 &8 for Hard Drawn Grooved Copper Contact Wire for

Over Head Electric Traction.

“fin. 3.00 mm thicknass shall
be provided on the outer
diameter of barrel & at the
top layer of Contact wire,
after winding of entire length
has been completed.

(ivy Inner side of flanges
shall also be provided with
corrugated paper sheet of
Min. 3.00 mm thickness
pasted/tied to flange.

(v) Top surface of finished
drum shall also be provided
with plastic sheet for
additional protection. On top
of plastic sheet, additional
corrugated paper sheet to be
provided for enhanced
protection to Copper
Conductor before final
packing.

(vi) Any damage in

Contact Wire shall

supplier’'s account.

the
be to

The drum shall comply with
IS: 1778-1980 ™“Specification
for Reels and Drums for bare
conductors”. The drum on
which the contact wire s
wound shall have the
dimensions as indicated in
TABLE-4.

(i) The wooden drum shall
comply with IS: 1778-1980
“Specification for Reels and
Drums for bare conductors”
and shall have the
dimensions as indicated in
TABLE-4.

(ii) Corrugated Steel drums shall

be of maximum capacity

3570 Kg as per Table 2.2

type RM of NEMA wC 26-

2008. Size of the selected

drum for 107 mm? HDGC

Contact Wire is as per table

below:

Flange

Barrel
Dia

48

inch
1219.2
mm

Traverse

72

inch
1828.8
mm

36 inch

914.4
mm

(iii)Gross Wight of Steel Drum
specified in Para (ii) above,
after winding contact wire
shall be limited to 2800 kg.

%k k
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Page No. 1 of 1 | Addendum & Corrigendum Slip No. 08 to RDSO’s Technical
Specification No. ETI/OHE/76 (6/97) (with A& C Slip No. 1, 3,4, 5, 6 &
7) for Hard Drawn Grooved Copper Contact (HDGC) Wire for Overhead
Electric Traction drawn out of CCC Wire Rods (South Wire Process).

A & C Slip No.08
Reason for Revision : In Compliance to Vigilance Cell note no. 13/Vig/Policy, dated

26.07.2016 & 08.09.2016.

Date of Issue : 28.09.2016

Clause No. 12 to be added as under:

“All the Provisions contained in RDSO’s ISO procedures laid down in document No.
QO-D-7.1-11, dated 19.07.2016 (Title “Vendor- change in approved status” ) and
subsequent versions/amendments thereof, shall be binding and applicable on the
successful vendor/vendors in the contracts ﬂoated by Railways to maintain quality of

products supplied to Railways.”
et it

o

EW/’T;;\;

(S-{ ED\TB)



| Page No. 1 of 1 |

\
i
|

!

Addendum & Corrigendum Slip Mo.07 to RDSO's Technical Spedfication No.
| ETI/OHE/76 (6/97) (with A & C Slip No.1, 3, 4, 5 & &) for Hard Drawin Grooved

i Copper Contact (HDGC) Wire for Overhead Electric Traction drawn aut of CCC

| Wire Rods {South Wire Process).

Reason for Revislon

Dale of Issue

A& C Slip No.0s

: To overcome from the dilficulty in avallability of 23.5 mm W 26.5 mm
diametor Canfinuons Cast Copper Wire Rod of Southvire Prvcass i¢ be
used in manulfasturing of 193 mm” HDGE Contact Wire,

1 09.12.2013.

Table 3 of the 4 & C Slip Na. 04 ta RDS0O’s Technical Speofication No. ETL/OHE/76{6/97) with A
& C SHp No.1, 2, 1, § & 5 [for Hard Drawn Grooved Copper Contact (HOGC) Wire for Overhead
Electric Traction drawn our of CCC Wire Rods (South Wire Process) i shall be read as under:

PROPERTIES OF HARD DRAWN GROCVED CCPPLR CONTACT WIRD

Table-3

[T Cross | Diametsr | Standerc | Resistance/ | lensie | Conventonal | Ueagstion | Mo, of | Hardness |
] Section | of QO Wire | Welght/Km | K at 207 € | Strangth umit of in gending !
| : Red Elasticly | 4%y mm. |
P = | 2 3 7 5 & 17 [ 8 [ 9o |
Noroinal | Mén. | Max. | Nominal ;  Nornal M Min. Mirr, f4in, _Min.__;
[T Mm | mm | Ka. i Chre ®ef fean* | KgF fien® B Kos. 34N
107 16 | 21.5| 951.7 |  0.1640 36.5 TE T A S 2 107
150 [ 225 (265 | 13335 |  0.1184 35.5 == 3 6 107
161 12301 265 1431.3 0.1103 35.5 31.0 - i 5 107
193 | 23.0 | 26.5 | 17158 C.0%2L 35.5 310 | 5 107

Note: (i), Values given in Columins 3 & 4 correspond Lo Nominal Cross-Sectional Aréa of
HBGC Contact Wire
{ii}. Minimum diameter of CCC Wire Rod, achieved for 193 mm® HDGC Contact

Wire {Column 2), Is basad on single type test conducied un 23.0 rm diameter
CCC wire Rod of Mfs. Cario Colombo, SPA Italy,
{iii), Para 9.6.1,1 {3) ---Additional Fara to above Spaciiication.

v

qr'.—'.‘

Each drum of 193 mm? HDGC Contact Wire draven out of 23 mm

diameter (Minimum) CCC Wire Rod chall be tested for Hardness and Tensile
Test, during “Acoeplance Test™

YED)
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Addendum & Corrigendum Slip No.06 to RDSO’s Technical Specification
No. ETI/OHE/76(6/97) with A & C Slip No.1, 3, 4 & 5 for Hard Drawn
Grooved Copper Contact (HDGC) Wire for Overhead Electric Traction
drawn out of CCC Wire Rods (South Wire Process).

Reason for Revision

A & C Slip No.6

Date of Issue

For provision of Indigenous CCC Wire Rods for

manufacturing of HDGC Contact Wires, standardisation of
Oxygen content and verification of import of CCC Wire Rods

05.05.201.2.

SN | Para No. Existing provisions As amended
1. | Para4.1 The HDGC Contact Wire shall be | The HDGC Contact Wire shall be
(A&C drawn out of imported CCC Wire | drawn out of indigenous  or
No. 5) Rods, manufactured by South | imported Cce Wire Rods
Wire Process, of diameter as given | manufactured by South Wire
in Table-3 of A & C Slip No. 4. Process of diameter as given in
It will continue till such time | Table-3 of A & C Slip No. 4.
Contact Wire manufactured from | The composition of the Copper shall
indigenous CCC Wire Rod is | be as given in Table-2.
cleared for regular use after | The manufacturer of CCC Wire Rod
monitoring of their field | which is used in the manufacture of
performance. The composition of prototype Contact Wire will be
the Copper shall be as given in | treated as approved Vendor for
Table-2 CCC Wire Rod once the prototype
Contact Wire manufactured by this
CCC Wire Rod is approved.
2. Para 4.1 TABLE - 2 TABLE - 2
CHEMICAL COMPOSITION OF COPPER | CHEMICAL COMPOSITION OF COPPER
Element % ppm Element % ppm
Cu+Ag 99.95%min Cu+Ag 99.95% min
Bi <2 ppm Bi <2 ppm
Te <2 ppm Te <2 ppm
Se <2 ppm Se <2 ppm
Bi+Te+Se <3 ppm Bi+Te+Se <3 ppm
Pb <5 ppm Pb <5 ppm
Sb <4 ppm Sb <4 ppm
As <5 ppm As <5 ppm
Fe <10 ppm Fe <10 ppm
S <15pm S <15pm
Sn+Ni+Fe+Si+Zn+Co | <20 ppm | Sn+Ni+Fe+Si+Zn+Co | <20 ppm
Cr+Mn+Sb+Cd+As+P <15ppm | Cr+Mn+Sb+Cd+As+P <15ppm
L Oxygen <300 Oxygen 200 to 350 |
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Addendum & Corrigendum Slip No.06 to RDSO'’s Technical Specification
No. ETI/OHE/76(6/97) with A & C Slip No.1, 3, 4 & 5 for Hard Drawn
Grooved Copper Contact (HDGC) Wire for Overhead Electric Traction
drawn out of CCC Wire Rods (South Wire Process).

3 Para 8.5.8

Nil

Supplier shall be required to submit
following Documents at the time of
Routine Inspection which shall be
part of Inspection Certificate.

I. Proof of purchase of CCC Wire
Rod from the approved
Vendor.

II. For imported CCC Wire Rod
the Supplier shall submit proof
of import i.e.

i. Bill of Entry.

ii. Bill of Ladding.

iii. Payment details to overseas
CCC Wire Rod manufacturer.

iv. Declaration that he has and
will not use these Documents
for any other consignment or
purpose.

4 | Para 9.3 ROUTINE TESTS ROUTINE TESTS
9.3.1 Visual Examination Visual Examination
9.3.2 Verification of dimensions Verification of dimensions
9.3.3 Measurement of weight Measurement of weight
9.3.4 Tensile test Tensile test
9.3.5 Elongation test Elongation test
9.3.6 Bending test Bending test
9.3.7 - Oxygen Content
5. | Para Lot Number Lot Number and written submission
10.2 (iii) of declaration from the

manufacturer regarding use of CCC
Wire Rod from approved source
with proof of purchase along with
relevant Documents.




MASTER COPY

Page no.l of A&C Slip No.5 to Specification No. ETVOHE/76(6/97) for Hard
Drawn Grooved Copper Contact wire for overhead clectric traction
drawn out of CCC wire rods.

SN | Para Existing entrics As amended

No.
| 4.) The HDGC contact wire shall be made The HDGC contact wire
from CCC wire rods of diameter 21 mm shall be drawn out of
or above, manufactured by South Wire imported CCC wire rods
Process. The composition of the copper manufactured by South Wire
Process of diameter as given

shall be as given in TABLE-2

in Table-3 of A&C Slip no.4. i
It will continue till such tim< |
contact wire manufactured |
from indigenous CCC wire |
rod is cieared for regular use |
afler monitoning of their field |
performance. The

composition of the copper
shall be as given in Table-2. |

G

e
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A&C Slip no.4 1o specification No. ETVOHE/76(6/97) for hard drawn |
grooved copper contact wire {or overhead electric traction drawn oul of
CCC wire rods.

Clause 6.2: The Table-3 and note-1 of Clause 6.2 of Addendum & Corrigendum Slip No.3

shall be replaced with the following

TABLE -3

PROPERTIES OF HARD DRAWN GROOVED COPPER CONTACT WIRE

- ——

Note —1: shall be read as under:-
“Values given in column-3&4 corresponds to nominal eross sectional area of contact

wire,”

(December 2006)

Cioss | Diacf CCC | Standard | Resistance | Tensile | Conventional Elongation | Nosof & Hardness |

section | rod weight | kin strengih | lmitor in 20Umm | beading
km  20°C clasticity
T 3 4 s TR RRE S R 9

Nom | min| max | Nom. Nom. min, min min. | min min,
mn® L mm | | Ke Ohms kglmm® | kgl min® % Nos__ | BRHN
107 [ 150|305 19512 10660 | 36.5 310 13 7 107 __
(150 12251265 13335 | 0.1189 365 ]3I0 3 6 _ 107
(161 133371265 [ 14313 1 0.1103-__| 36.5 31.0 3 L6 107
193|255 [265 717158 | 0.0921 |} 365 | 31.0 3 5 T T

)
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Page No. 1 of 2 | A& C Slip no. 3 to Specification No. ET/OHE?76(6/97) for Hard Drawn
Grooved Copper Contact wire for overhead clectric traction drawn out of

CCC wire rods

CLAUSE 6.0 SIZES, SHAPES, DIMENSIONS, WEIGHTS AND OTHER
PROPERTIES OF CONTACT WIRE

Clause 6.2 : The Table of clause 6.2 of Addendum & Corrigendum slip no. 1 shall be
replaced with the following:

TABLE-2
PROPERTIES OF HARD DRAWN COPPER CONTACT WIRE
Cross Dia of CCC rod Stendard Rasistance/ | Tensile Iconvomoml Elongation |nos. of |Harcness
Sacton weight per km |km at 20°C  !Strenglh [limit of in 200mm 'bends
glasticity
(M {2) Q) (4} (5} (8) N {8) 9
nom min max. nem nom min min, min. min. min
mm® mm mm Kg ohms  |Kghmm®] Kglimm® % Nos. BHN
107 198 21 951.2 0.1680 385 31.0 3 G 107
150 23 25 133356 0.1184 36.5 310 3 [ 107
161 24 26 14313 0.1103 365 No 3 ] 107
193 26 - 17158 0.0921 365 31.0 3 s 107

Note -1 shall be read as under:

Note-1: Tolerance on diameters of CCC wire rod shall be within + 0.5mm. Values given in
column-3 & column-4 correspond to nominal cross sectional area of contact wire.

CLAUSE 8.0 TESTS ON CCC WIRE RODS

Add an additional test at clause 8.1.1:
(viii) Electrical Resistivity Test

CLAUSE 8.2 ACCEPTANCE TESTS

Clause 8.2.1 shall be renumbered as Clause 8.2.2 and shall be replaced with the
following.

Clause 8.2.2
The following tests shall be carried out in accordance with ETI/OHE/65(8/87) on the

samples of CCC wire rods drawn in accordance with 1S:9713-1983(for the purpose of
sampling).



PageNo.2of2 | A& C Slip no. 3 to Specification No. ETVOHE/76(6/97) for Hard
Drawn Grooved Copper Contact wire for overbead electric traction
drawn out of CCC wire rods

(1) Visual inspection

(ii)  Verification of dimensions

(iii) Compression test

(iv)  Tensile strength/clongation test
(v)  Chemical composition

(vi)  Electrical Resistivity Test

Clause 8.2.] shall be read as under:
“CUSTOMER HOLD POINT(CHP)”

The manufacturer shall include in his Quality Assurance Plan(QAP) a CHP stage beyond
which the manufacturing process shall proceed only after CCC wire rods pass the

acceptance test duly verified by the Designated Authority in accordance with clause no.
822 '

The QAP shall have the approval of the Director General/T1, RDSO before taking up the
manufacture.

CLAUSE 9.6 : SELECTION OF SAMPLES FOR TESTS
& CRITERIA OF APPROVAL

Add new clause 9.6.3.9

Acceptance of the records maintained for tests in accordance with 8.5.7 will form a part .
of the acceptance tests for the contact wire.

Clause 10.3;: PACKING AND MARKING OF CONTACT WIRE
Clause 10.3.9 shali be read as under:

The following particulars shall be marked in indelible paint on each drum:
i) Purchaser’s order number
ii) Size of contact wire
iii)  Length of contact wire
iv)  Gross & net weight
v) Drum number
vi)  Consignee and other particulars as required by the purchaser.
vii)  Make, batch no. and month & year of procurement of CCC wire rod .

MARCH - 2008
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PageNo. | of 2 | A & C Slip'No.1 to Specification No.ETI/OHE/76(6/97) for Hard
‘| Drawn Grooved Copper Contact wire for overhead electric traction

_drawn out of CCC wire rods

Clause 4.0 MATERIAL

MASTZR Copy

Clause 4.1 shall be read as under :

“The HDGC contact wire shall be made from CCC wire rods, manufactured by
South wire Process. The corposition of the copper shall be as given in Table-2 (Table 2
will be read as given in the Specification)”.

Clause 6.0 SIZES, SHAPES, DIMENSIONS, WEIGHTS AND OTHER
PROPERTIES OF CONTACT WIRE,

Clause 6.2°  The Table of clause 6.2 shall be replaced with the following .
TABLE - 3
PROPERTIES OF HARD DRAWN COPPER CONTACT WIRE
Cross | Min, Standard | Max.res- | Min. Convention | Min Min. | Hard-
Sectio | Diameter weight istance per | Tensile | al limit of | Elonga- | nos. ness
nal of CCC | perkm | km at 20° | strength | elasticity tion n | of Brianell
Area | Rod C 200 mm | bendi | scale.
nm' | om Kg Ohms Kg/mm® | Kg\Wmm™ | % :Isos. BHN
or above
107 21 951.2 0.1699 365 310 3 7 107
(min )
150 23 13335 | 0.1212 365 31.0 3 6 107
{(min.)
161 26 14313 | 0.1125 36.5 31.0 3 6 107
. min)
193 26 17158 | 0.0936 36.5 310 3 5 107
(min)

Clause 8.52 MEASUREMENT OF DIMENSIONS

The last sentence of this para shall be replaced as under,

“The diameter shall be as per Column 2 of Table 3 of clause 6 2"
Clause 8.54 TENSILE STRENGTH/ELONGATION TEST.

This clause shall be replaced by the following :

When tested in accordance with IS ; 1608 — 1995 or latest “Mechanical
Testing of Metals” for tensile strength and elongation , the material shall have a tensile

strength of 20.4 kgf/mm? (min.) and a minimum of 46% elongation. But the gauge length
of the sample for this test shall be of 250 mm.



PageNo.20f2 | A & C Slip No.1 to Specification No ETVOHE/76(6/97) for Hard
Drawn Grooved Copper Contact wire for overhead electric traction
.| drawn out of CCC wire rods _

Clause 9.59 HARDNESS TEST

This clause shall be replaced by the following :-

Hardness of sample of contact wire shall be determined on Brinell Scale with 2.5
mm dia. balls and load of 62.5 kg. in accordance with IS : 1500-1983.

The hardness shall be measured at mid radius of the cross section of contact wire
and average of 3 such values shall be considered for qualifying purpose.

X XX XX XX X

Caled ©9:.04 .200]
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SPECIFICATION FOR HARD DRAWN GROOVED CONTACT WIRE FOR
ELECTRIC TRACTION
(DRAWN OUT OF CCC WIRE RODS )

1.0 SCOPE
1.1 Thig specification covers the requirement of hard drawn grooved copper
(HDGC) contact wire made from continuous cast copper (CCC) wire rods for eicciric

waction overhead lines.

2.0 - GOVERNING SPECIFICATIONS

2.1 In the preparation of this specification assistance has been laken from the
following standards and specifications.

o]l IS:191 (PL.V)-1980 . Specification for copper.

2.1.2 15:1778-1980 - Specilication  for Reels and drums for bare
vonductors.

2.1.3 IS 1885(Ptoexin)-1971 - Glossary of terms for clectrical cables and
conductors

2.14 IS:9713-1983 - Specification for hot rolled electrolytic
copper wire rods for clectrical conductors.

2.1.5 1S:440-1964 - Methods of chemical analysis of copper.

2.).6 [S:191(PLUD-1980 . Specification for copper,

2.2 Io case of any conflict or disparity between the contents of the ubove

specifications and this specification, the [atter shall prevail.

2.3 Any deviation from this specification proposed by the tenderer to improve
upon the performance of contact wire shall be considered only on its merits provided full
particulars with justification and financial implication are furnished by the tenderer.

2.4 For the purpose of this specification, the definitions given in 1S:1885
(Part-xoxii) - 1971 shall apply.



3.0

3.1

ENVIRONMENTAJ, CONDITIONS

ETVOUF6(697)

The conductor shall be suitable for outdoor use in moist tropical climate

and in areas subject Lo heavy rainfall, polluted  due to industry and marine atimosphere and
severe lightiing. The limiting weather conditions which the conductor has to withstand in
scrvice are indicated in TABLE - 1.

-------

4.0

4.1

Amnual rainfall

Maximum number of thunder

storm days per anaum

Maximum number of dust storm
‘days per anum
Number of rainy days per annum

Basic wind pressure
Altitude

- —

TABLE - 1
ENVIRONMENTAL CONDITIONS
Maximum ambient air temperature
Average ambient air temperature
over aperiod of 24 hours
Maximum relative tumidity

MATERIAL

100%
Ranging firom 1750mm
to 623Nmm

85
35

120

200 kgtim’
Not excecding 1000 i

The HDGC contact wire shall be made from CCC wire rods of dinmeter
Z1lmm or above, manufactured by Southwire Process. The composition of the copper shail
be as given in TADLLE-2.

TABLE - 2

CHEMICAL COMPOSITION OF COPPER

Element

Te

Se
Bi+Te+Se
Pb

Sb

As

Fe

)

Y/ppm

-------------------------------------- -

99.95% min.

<
L9

<l

P
-
<

2 ppm
2 ppm
2 ppm
3 ppm
S ppm
4 ppm
S ppm
10 ppm

7 18 ppm



ETROREMT6(6/27)

SiNi+Fe+Si+7n+Co < 20 ppm
Cr+Mn+8b+Cd+As+P < 15 ppin
Oxygen <300 ppm

5.0 PHYSICAL CONSTANTS OF HIDGC CONTACT WIRE

S.1 BARD DRAWN COPPER

s.4.) A s RESISTIV

The vesistivity of HDGC contact wire 15 a function of the tenside strength,
Within a range of 30 - 50 ke/mm’ tensile strength, the following formula has been tound to
express sufliciently closely the results obtained in practice and has been adopted in
calculating the resistances specified in 18:3476-1967.

P=1/16

Where

P = Percentage increase n resistivity of the hard drawn copper over
its resistivity when anneaied and

T=Tensile strength of the hard drawn copper in kg/mni.

5.1.1.1 The resistances given inthe TABLE - 3 are based on standivd resistivity
of annealed high conductivily copper at 20°C mudified in accordance with the above
formula.

3:4.8:2 Ata emperature of 2¢°C the volume resislivity of standard anncaled copper
is 1/38=0.017 241 olun run’ /m.

b 6 o $C Copper which has aresistivityat 20°C of 1/58 = 0.01724) ohm mm* /in
is said (o have a conductivity of 100 %,

5.1.2 DENSITY

At a temperatiee of 20 °C the density of bird deawn high conduelivity
copper has been taken as 8.89 p/em’,

3.1.3 CO-EFFICIENT OF LINEAR EXPANSION

At a temperature of 20 °C the co-cHicient of linear expansion of biwd drawn
high conductivity copper has been taken as 0.00001 7/per “C. This co-cilicient miay be vsed
over a temperature range from 0°C to 150 °C.



ETLONEST6(6/97)

1.4 CONSTANT MASS TEMPERATURE CO-EMACIENT OF
RESISTANCE '

At atemperature of 20°C, the co-efficient of variation ol the resist:wee with
temperature of hard drawn high conductivity copper, measured between two potential
points rigidly fixed to the wire, the metal being allowed to expand ficely, has been taken
as 0.00381 per “C which is a representative value for copper of 97% conductivity.

6.0 SIZES, SHAPES, DIMENSIONS. WEIGUHTS AND OTHER
PROPERTIES OF CONTACT WIRE

6.1 The various sizes, shapes and dimensions for the contact wice shall be as
indicated in Figure -1 | 2 & 4.

6.2 The cross-sectional areas, weights, maximumn resistances and uther
properties shall be as detailed in TABLE -2. The figures therein shall be subjeet to a
lolerance of +/- 3%, except weights. Tolerances on weight shall be 47- 2.0% in case of

107mm® and 150 mm? contact wire and +/- 2.0% in case of 161mm?® & 193nun’ contaet
wire,

TABLE - 3
PROPERTIES OF HARD DRAWN COPPER CONTACT WIRE

cross-  Stundard  Max.  Min Conven- Min Min. 1ard-

sect-  weight resis-  teosile  tiomal clong-  no.of  ness

ional  per km e strength limit ol ation beading  Brinnel!

area per km clasti-  in Scale

a1 20°C city 200mun

mm’ kg ohm  keg/mm ke/mm® %

107 951.2 0.169% 365 310 3 7 105¢min)

150 1333.5 0.1212  36.5 3.0 3 6 105(min)

161 1431.3 0.1125 330 - 3 6 tedder consi -

193 1715.8 0.0936 510 - o+ s deration
Note- |1: ‘The values given in column-2 correspond lo the nominal cross-sectional

area of contact wire. The values given in columa 3 correspond 1o minimum cross-sectional
area of the contact wire.

Note - 2 The conveational Timit ol clasticity indicated in column 3 is tor intormation
only. The conventional limit of elasticity is defined as the miaimmn tensile toad which thie
test piece may withstand for a period of 10s without under-going a permanent elongation of
more than .2% of the original gauee length.
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6.3 MECITANICAL AND ELECYRICAL PROPERTIES
6.3.1 The tensile strength, clongation, hardness ind nunber of bending when

tested in accordance with Clanses 9.5.6. 9.5.7 wnd 9.5.9 shali be not fess tean the
appropuiate values given in TABLL -3, The contact wire shall also comply with the
requirements of the bending test spegilied in Clause 9 5.8,

6.3.2 The clecirical resistance per kat of the sample, multiplied by 1he

approprize constant in TABLE - 5 wnd corrected for e cross-seclional area, shall nim
exceed the values given in TARLE - 3,

6.4 JOINTS

There shall be no joints in contact wire mads onl of CCC wire rods.

6.5 FRELEDOM FROM DEFLECTS
n.5.1 The contact wire shall be clean, smooth and fice tram lawmil defeets, such

as scades, peelings, sharp edees and ather defiets in the froove.

6.5.2 The groove shidl be aniformi and free from nwisis. Any defeet inthe groove
noticed at the time of or subsequent to crection of the contact wire shall entail heavy
penalty on the manufacturer. Vo check on this, svitable means chall be employed by the
manufacturer by way of provigion of a mirmror or other suitable means urd monitor e
drawing out of the contacl wire,

6.6 The wire drawing of comael wire shail be done by 4 or 5 stage wire
drawing machine.

7.0 TESTS
7.1 Aler a prvehase order is placed for supply ol conladt wire for overhead

railway traction, the intesnal test vesnlls for alt the tests specilicd i clanses-R.1 & 9.1
shall be farmished by the successfl manutacturer o the Director General CITVRDSO
within the period stipulated for protetype approvak i the order

7.2 Any Jnges required to be done i the profotype as required by the
Dirvector General CTIYRDSO shall be caurvicd o expeditiousty by the srumbactorer,

2.3 Type-testing Schedole :- Prior 1o giving i call 1o the Disector General (11)
RDSO for ingpection and testing of the prototype. the manulactuesr s""'L:fﬂ'ﬂ\'iU‘.’dlﬁW’}“'
test schedule consisting of schematic circuit dingrauns for each of the tets i he nimibey
of days required to complets all the rests at one streteh. Onee the cchedule is approved, the
tests shall invarabv be done accordingly, Thawever, during the process of type lesting o
even dater, thie purchaser reserves the right fu conduct any additional testts) hesides thowse

6
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spectficd herein, on wire rodicomtact wire <o as 10 et the wite jadicomtiet wire (o lis
satistaction or for gaining additivma) information i Knowledpe, I case any dispute of
disagrecment arises between the manolacturer and representative of the Divector Geoeral
(MY RDSO during the process of lesting s regards the procedire Tor ivpe tests andzor the
interpretation and acceptability of the results ol type fest, it shall be brousht to the notiee of
the Director Gensrai CITHRIDSO as the ease may e, whose decision shail be tinal and
binding,

74 Al the tests specitied. uless otherwvise mentioned cisewhere, in The
specification shall be curicd owt at the mwmlactuesr worls, The mannlactmer shall
wvanee all the necessmy machinery, appastus. libour and  assistuce reqrited lor
conducting the tests without wy extra cost

7.5 In the event of the 10as not beine curied  thrensh o completion at one
streteh for any reagon atribwable 0 e osmlacwrer and it i vequined bor e
representative of the Director Genesal ¢TH/RDSO to 20 gain or more nuober of Unes (o
the works of the ueumtiacturer or oflier place(s) for continving andror completing the tests
on the prototype(s) of the condrctor, the manufacturer shall reanbirse o the Divector
General (TI/RDSO the costy Tor the representalive’s visils to works or other placees) fiw
the fests more than once.  “[he costs as clained by the Divector Generat ¢ Frawtion
Tnstatlation), Rescareh Desipns & Standards Organisation. Lacknow  shalf be paid throngh
a dennid drafl as advised w the manutacturer.

7.6 BULK MANUFACTURE

Oy afler clear written approval of the restits of the tests on the profolype
15 communicated by The Direetor ¢ ieneral (1T RDSO to the manuficuwer, shall he take up
bulk manfacture of the contact wire which shall be strictly ssith the same maderinl ud
process as adapled for the prototype,

7.7 TECHNICAL DATA
The tenderer shall fimish alonewith the ofler the gurimteed pertonmemney

data and vther technical particuturs of the contac! wire, The gravaniesd values shall have o
be proved by test,

8.0 TESTS ON CCC WIRKE RODS
8.1 TYPE LESTS
8.1.1 The following type tests shiadl be ciuticd it op teee samples of the CCC

wire rods ke in aceordance with 15191 (Pt ()= 1YR0,

i) Visual Examination.
i) Measurement ol dimensions.

iy Compression fest,
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1v)  Tensile steengih/elongation test.
v) Chemical composition.
vi) Micro-structure examination.

vii) Ultrasonic / eddy curvent testing af the time of wire drawing.

8.2 ACCEPTANCE TESTS

821 The followng tests shall be cauried owt on the swnples of CCC wire rods
drawn in accordance with 18:9713- 1983,

i) Visual Examination,

i) Measarement of dimensions,

i} Compression test

iv)  Tensile strength / ¢fongation lest.

v) Chemical composation,
8.3 MANUIFACTURER'S TESTS
8.3.1 The mancfactuesr shall test all the CCC wire rods for viswl examination

and measurement of dimensions. All the wire rods shall be tree firom any piping, crow feet,
indentations, foreign particles or incingions, surface defects, twists and entanglements.

8.3.2 The mamufacturer shall test every lat of CCC  wure rods  lor
tensile/ciongation and compression. These tests shall be caried out on the sunples of wire
rods drawn in accordwice with 18:9713-1983. A jot shall be as stipulated in
15:9713-1983,

8.3.3 The manufacturer shall test every lot of CCC wire rods for chemical
composition and micro-structure examination. The samples will be drawn in accordice
with I1S:191 (PLIT)-1980,

834 Records of the results of the tests shall be maintained by the mannfactorer
and checked by the luspector.

8.4 CRITERIA FOR ACCEPTANCE

8.4.] Criteria foy acceptance of the 1ot shall be in accordiance with Clanse - 9 of
IS: 9713-1983.

8.5 METHODS OF TESTS

8.5.1 VISUAL EXAMINATION

The surface of CCC wire rod shahll be Lairly smooth, fice from inclusions or
foreign particles, indentation, surface delects, scales, hwists, entanglements et

FrHOVIKOTRIGAO T
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8.5.2 MEASURFMENT OF DIMENSIONS

Disciwd approximately 2.5 meter length from the end of the coil. “Three
easuements al 60° anguliv displacement shall be made around the circumierence at two
places 4 meter apart. An average of six readings shall be considercd as the diameter of the
CCC wire rod. The diameter shafl be 21 mm or above.

8.5.3 COMPRESSION 1EST

A sample of fength twice the dimmeter of the CCC wire cod <lall be et
trom the coil and then hanmered Gl its tength becomes hall the original length. Curved
surface, after test, sholl not show any ¢rack or defizct on visual check.,

8.5.4 TENSILY, STRENGTIVELONGATION TS|

When tested in accordance with 15:2654-1977, “Method for tensile testing,
ol copper and alloy™ for tensile strength and elongation, the material shall have a tensile

strength of 20.4 kglimm® (min.) and a mininnm of 462 elongation ot a gauge length of
250mm.

8.5.5 CHEMICAL COMPOSITION

The material shall have the chemical composition as given in TABILLE-2,
The trace elements shall be detennined by spectrometric method. The copper shatl be
determined in accordance with 1S:440-1964, For oxygen content, certificate Lrom the

manufacuwer of copper shall be fumishe,
8.5.6 MICRO-STRUCTURE EXAMINATION

The swnple of CCC wire 1od cut along ransverse scetions potished ad
etched shall show equiaxed recrysiallised fine grains having grain size finer than ASTM-5.
e presence of cast columnar graing in the micro-stucture shall not be permilted,

8.5.7 The CCC wire rod shall be cither ultrasonicaity or through cddy ¢nprent
method tested by the manufacturer continnously during production of contact wire tor the
entire lfength. The defeet if ny, ebserved shall reqoire that portion of the rod 1o be
removed. Records shall be maintained for the purpose and produced hefore e inspector
on demand.

9.0 TESTS ON CONTACT WIRE
9.1 TYPETESLES

The CUC wire rods shall be dravwn into the profolvpe conlact wire in
presence of the lnspector, The following tests shall be carvied out on the samples cutl at
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random trom the contact wire coil produced. Fach test shall be conducted on e
gamples.

911 Visual examiniation.

9.1.2 Verification of dimensions,
9.1.3 Measuremem of weight
9.1.4 Electrical resistnce test
9.1.5 Harduess test

92.1.6 Tensiie test

9.1.7 Elangation tesl

9.1.8 Beading lest

9:1.9 Chemical wmlvsis

91.]10 Micro-strucure examination
9.2 ACCEPTANCE TESTS

Same as type tests exeept that indicated in Clause 9.1.10. In addition
weighment of 3 or 1/5th of efitred contact wire diums for acceptance tests, whichever is
higher, for gross weight. The Inspector shall verify the reselts of manufiacturer's tests.

9.3 ROUTINE TESTS

2.3.1 Vistal exauntmation

913.2 Veritication of dimensgions
9.3.2 Measurcment of weight
9.34 Tensile tesl

9.3.5 Eiongation test

9.3.6 Bending test

94 MANUFAC

24.1 The mimufacturer shall test every lot of CCC wire rods for chemical
compositton. A [ot shall be as shpuolated in 15:9713-1983 “1he resuits shadl be checked by
the Inspector.

94.2 Every CCC wire rod shatl be thoroughly inspected for blow holes, pipes,
oxide-inclugions wul other defeets belore drawing. In case of deleots wire vod shall be
rejected.

94.3 The manfactuee shali weigh every drum Jor tare weight and gross weight.

Records of e resuils of weiglunent shall be checked by the Inspedtor af the time of
Acceprance Tests,

lo
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9.5 TEST MITIHODS
9.5.1 MICRO-STRUCTURE EXAMINA FTON OF CON)ACT WIRY

A sample of the finished contact wire shall be wansversely sectioned.
polished and etched wid it shali show equi-axed crystallised fioe gram stouctire o
ASTM No.7 or finer. Presence of cast columnar graens or denteitic structiure representing
improper breakdown of the original structure will not be pennilled,

9.5.2 CHEMICAL ANALYVSIS

Ihe  sampics taken firom the comact wire shall be lested for chemical
composition in accardance with Clause 8.5.5 of this specitication.

9.5.3 VISUAL EXANINATION
The surface finish of the grooved contact wire shall be checked for defeety,

such as chips, scales, sharp edges, biubbles, peclings, sciatches, pin holes. The conlact
wirc shall have nio 1wists or Kinks.

9.5.4 YERIFICATION OF DIMENSIONS
2.54.1 The diancter of the grooved contact wire shall he measured by means ol 2

raichel micrometer or a diitl micromeler between ‘wo circular a1 studs having a diamcler
of not ess than S mm. The value of the diameter shall be the mean of two readings made in

two directions perpendicular to each other and situated approxunately at the swne cross-
section,

9.5.4.2 CHECKING OF DIMENSJONS AT THE BOTTOM OF T GROOVE

The dimensions at the boitom of the eroove in the contact wire shall bz
measured by means of either a special caliper made in accordance with Fig.2 or by
shadowgraph projection of not Jess Man 10X. The method shall be subjedt to agrzement
between the purchaser and the manufacturer,

9.5.5 MEASUREMENT OF WEIGHT

The weight of the contact wire, psrr km shall be calentated by weighing a
picce of 50 cin lengtl by a balance ol accuracy ol +/- 1gm. preferably by a digital balunce.

9.5.6 TENSILE TEST
A sinple of cantaet wire which is straight sur of Tenpth snch that swhen it iy
held in the finws of the tensile testing machine the distince betsveen the jaws is not tess than

230 mm shail be tuken. A gauge leagth of 200 nun shall be marked on the test prece fur the
purpuse o measuring the elongation, It the sample contives a joint, it shall be i the middle

1l
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of the gange fength. The load shalt be applied gadually wnil the test picee breaks. The
tensile sirength of the contact wire shall be not less than values specified in TABLE - 3.

9.5.7 ELONGATION TEST

The clongation shull be measured on the same fest picce which was
subjected to tensile test uplo its fiacture as specilicd in Clause-9.5.6. 'The eloneation of the
sample afler tensile test shall be measured with reference (o the gauge length afler the
fractured ends have been fitted together provided Facture ocowrs within the gavge length,
The values of percent elongation measured shail be not less than the values specified in
TABLE-3. If the fracture occurs out side the gange length and the required elongation is not
achieved, another sanpie shall be lested. (this sample alse fails, the lot shall be reicoted.

9.5.8 BENDING TEST

The test consists of bending by hand/inachine, a suraight lengih of 200 nny
long contact wire through 94” and back, altemately on cither side of the vertical with the
axis of the siraight and bent partions of the contact wire remainiag in the same plane. The
test picce shail be held in blocks of the type shown in Fig.3 having a radivs of 30 mm. A
tube whose inside diameter is slightly higher than the diameter of the contact wire and one
end of which is closed shali be put over the contact wire, the lower end ol the tube being
about 20 nm above the surface of the blocks. The first beading vperation shall be curied
out in a direction such that the top lobe of the wire is in tension.  One bend shall be
construed ay including atl operations between two conscentive passages of the test picce
through the vertical position. During cach bending operations the entive fength of the
contact wire and in paticnlay the length adjacent 1o the clamping plane shall touch the fice
of the bluck on the side to which the contact wire is benl There shall not be wy hwisling of
the wire duving beading. ‘Lhere shall not be more than one bending, eperation per sevoud.
The test piece shall withstand the appropriate mmber of bends indicated in TABLE - 3
without fracure,

9.5.9 HARDNESS TEST

Hardness of sample of contact wire shall be determined on Brinell scale
wilh 2.5 nim dia balls and Toad of 62.5 ke in accordivice with 15:1790-1961.

9.5.10 ELECTRICAL RESISTANCE TEST

The glectrical resistance of three sampies shall be measured by means of a
double Kelvin Bridge. ‘The current terminals shall be suflicicatly away from the voltage
terminals. The electrical resistance of test sample multiphed by W x /K shall not exceed
the appropriute values indicated in TADLE - 2.

Where

W =weight per km of test sample in ke

K = standard weight ol contact wire per kni in ke

C = nluplyviug constun for tempenture vaviation indreated i TABLL - §,

12
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Notc: ihe dnxpector shalh cheek the acamsey and cafibration  of the measuring
equipment by resistance of Kiown value,

9.6 SELECTION OF SAMPLE FOR TESTS & CRIVERIA OF APPROVAL
9.6.1 BATYCHLS

9.0.1.1 The contact wire shall be eflered tor inspection in a batch of 6 dinms o a
line,

9.6.2 Oneg suniple of contact wiie shall be cut from each dimm in the presence ol

the Inspector for the tests. No treatment shall be gives 1o any sumple before tests except
that it may be straightened, if nevessy.

9.6.3 TMwee sumples  of comact sire shall be subjecied o acceptince 191§ as
given below:

9.6.3.1 Visual examination,

9.6.3.2 Vertfication of dimensions

9.6.3.3 Mceasurement of weight

9.6.3.4 Llectrical resistance test.

2.6.3.5 Hawdness test
Thereadter one sample from each dium shall be subjected 1o the loflowing

lesis:

9.6.3.6 Fensite and clongation lests,

9.6.3.7 Bending test,

96,18 Aler destraction, one of the simple shall be subjecisd 10 the chamiea
compasilion lest,

9.6.4 Shauld i sanple of contact wire Kl i any one of G tests, 1 second ~iympele

of the contact wire shall be taken from the sons domn from which the cample which frad
failed svas taken. This sample shall be subjected o the same et in which the First sampls
bad faited. W the second sample passes the test. the bateh shall be deened (o fve
complied with the requivement of flax cfavse. Should failure occur it more than one 1o
the balch shall be decined to be rejected.

1).4) PACKING AND MARKING
10.1 PACEING QF CCC WIRLE RODS

The mverial shall bz supplied in coils styapped with loops or as requined
by th= Purchaser,
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10.2 MARKING O CCC WIRIEE ROD COILS

On the coil snitable  tags with markings made on them shall be provided
with cach coil and shall cany the following information:

1) Nagne and frade mark of manubacter,

i) Size of wire rod, weight and length of coil;

i) Lot number;

iv) Date of manufacurre;

v) Pucchase order nomber and name of consigne:
vi) Date of ingpection and inspeeting athority;

vii) Aoy atier information required by the purchaser.

10.3 PACKING AND MARKING OF CONTACT WIRE
10.3.1 The contact wire shall be supplicd properly womnd on dnms, in specilied

lengihs as required by the puechaser, the tums of the wire being close and continnous
without amy over- riding except on the first aud Iast s of each Jayer. A drum shall cuyy
only one continuous length ol contact wire. The plastic shaet covering over the last layer off
the contact wire shall be provided to averd any damage to contict wire, loss/diunage duc
to entanglement of wire, if any, will be to suppliers accomt.

10.3.2 The cantact wire shall be so wound on the dram that the top (smaller) lobe
of the contawt wire is on the top. The mantacturer shall ensure that the top and the boltom
lobes of the contact wire we nol disterbed during winding on the drum and that the contact
wire s not twisted Lo change the orentation of the top fobe on the druem.

10.3.3 The length of the contuct wire lor each drum shall be specified by the
pucchaser. The specificd length shall not be more than 260G,

10.3.4 The lengih of the contact wire in a divsn, afler the test pieces required for
the various tests have been cut awnd faken out shall be pot Jess than the value specificd by
the purchaser.

10.3.5 The drom shall comply with B3 1788- 10RO “Speetfication for Revls and

Drams forr bare condugtors ¥, The divm on which the contact wire ix wonndd sl Teve the
dimensions as indicated i TABLE-4.

14
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TARLE - 4
DRUM DIMENSION FOR DIFFERENT SIZE OF CONFACT WIRE

---------------------------------- e

Size of Length of* Flue**  Bavel Traverse  Rennuks
contact confacl din din tnm)
wire wire (i) () {1}

(mm’)

107 1640 15830 200 a0
107 2000 1575 1200 600
150 1500 1575 1200 Hun
150) 2000 1650 [ 200 600
161 1500 1650 1200 ano
161 2000 L7549 ) 200 [F1LLN)
193 1600 L7506 1200 GOl
193 2000 1820 1200 600

-----------------------------------------------------

¥ These are ligher himits which may nat be exceeded by more than 30m.
**Fiange diameter subjeet to amaimunt of 1900,

10.3.6 Each drum of comtact wire shall be provided with two colowr bands
alternatively each of red and yellow paint of approximately 7Smm width cach |, at the top
layer of contact wire for identification. Top end of the contact wire shall also be provided
with [ead seal by inspection anthority by making hole from top lohe o bottom in the contact
wire, in addition 1o punch mark provided by the manusacirer for identitication of end. On
receipt of contaet wire drnns the colowr bands, scaling al the end of contact wire and
punch mark shall be verificd by (he consignce o ascertain correct reecipt ol feagth of
contact wire.

10.3.7 The emblenvidentification ik of the manufacturer in 3w letter si: ¢ <hall
be provided on the tap lobe of the contacl wire on regulae intervals - ot less than dbm and
not exeeeding S0m so as to facilitaie identification. The marking shall be such that it is ot
detrimental Lo the strength of the contact wire.

10.3.8 The felter "ce” shall be provided alongwith emblem/identilication mi k.
10.3.9 Ahe following particulius shall be marked in indelible paint on each dum:
1) Purchaser’s order number,
i) Size of comtact wire

i) Length of contael wire,

iv)  Gross and net weights

v) Drum number and

vi) Consignee and other panticulars as reguived by the pim chaser
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110 DISPOSAL OF REJECTED CONTACT \WIRE

Contact wire which is rejecied shali be cut into pieces of length not greater
than 306 m or drawn again into thimner wire. This shall be done in the presence of the
Inspector.

TABIE-S
MULTIPLIER CONSTANT FOR IIARD DRAWN COPPER WIRE

Multiplying constamt and its reciprovat for converting resistance of copper contict
wire at various temperatures to that al standivd temperature of 20°C and to that and for
converting resistance at 20°C ta that ar any other lemperature respectively:

TEMPERATURE MULTIPLIER CONSTANT RECIPROQCAL OF
& CONSTANT

5.0 L0606 (0.9429
5.5 1.0585 0.244%
6.0 10563 G 0.0467
63 1 0542 02486
70 1.0521 0.9505
2.5 1.0500 N 98524
3.0 10479 {19542
S5 1.0453 02542
2.0 1.0437 0.9581
9.5 1.0417 0.96G0
100 103%¢ 19524
108 1.0376 09638
i11.0 1.0355 (1.9657
115 1.03135 09675 !
120 10314 02608
12.5 1.0294 0.2714
13.0 1.0274 09733
135 10254 0.9152
4.0 1.0254 09771
14.5 1.021a 0.9790
150 1.0194 0.9510
155 101724 39829
16.0 10188 (9848,
165 1.G135 0 9R67
17.0 1.0116 09886
175 1.00%A 0 9905
15.0 10077 03024
125 1,007 () 2001
19.0 1035 0.179G2
19.5 o0 e 0.008]
200 1 D000 1 0000
20.5 0.90%1} }omn
21.0 02902 1 O03s
218 0.9743 1 G:OS7
22.0 00824 P (K176

'é
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225 09994 | 0S5
230 0 9887 10114
235 0 9%6% 123
24,0 098D 10182
24 8 09oR1) 1017
250 09513 017N
255 09795 10210
26.0 0 10229
65 09758 109248
21.0 Q97740 1 G207
275 09722 1 0280
25.0 09704 10308
285 0.9680 ] 0324
290 0.966% | G343
295 0.9651 10362
300 05632 1 03%)
NOTE-1:  Ilie resistance of coptact wire at T°C is measured, the resistance al 20°C

is obtained by mulliplying the resistance at 7°C by the multiplying constamt against the
value ol T°C given in column 2. If the resistance w 20°C is known, the resistuice at 1°C

is obtained by multiplying the resistance at 20 °C° by reciprocal indivated against '1°C given
in colunw 3.

NOTE -2 The temperature co-cflicient of resistance of copper vawies slightly lrom
sample o sample according to its conductivity. The ligures given above are hased on a
co-ellicient of .003 81 per °C w 20°C  which is an averngs value for copper of 97Y.
conductivity. ‘The ervor in using this table tor copper in the rimge of conductivity of 96%, to
98% will not vxceed 0,06%,

XXXXXXXXXXX
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ggg%g; CIMENSION {mm) DIMEMSION 114 DEGREES
OF
CONTACT
WIRE A 8 C O E r L M 3]
(mm?)
107 2242000 =~ " 8.02¢0.15 | 0.50 {443 | 27} 51 %) 7o *3
2 ——— m—tde
| 150 |4soxoz0| ~ - 0.92¢0.15 [ 0.50 | avu | 277} 51 % 78’35
0.18 .
161 liscoross| 122 |12.00£025 [8.00 2930 | 10 | 6,75 2222 (Rl y G
: 0.18 .
193 hea015 | 122 [12.00£0.25 18.50 25551 w10 | n3 21 %% t TR 2et g’

FIG.1 CONFIGURATION OF

CONTACT WIRE
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