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1-SUBJECT

1.1 - Scope

These specifications govern the supply of electric cables insulated
and protected in €lasfomer or piestomer, which ore infended to be fitted
to.all types of powered and hauled volling stock,

These specifications are:
- of an obligatary nature for new stock built after 1-7-76,

- of a recommandatory nature for-other stock.

1.2 - Terminology

In these specifications, the following specialized ferminology is

used:

. Core 'central metallie part of o conductor which carries the
current. A core is soid to be twisted when it consists
of several throads (or wires) assemblad by twisting
in such a'way as to form one or more strands or fwists,

< Strand :set of mechanically infertwined wires forming o helix
of one or more layers,

= Twist : set of mechanically intertwined wires forming a helix
in-one direction,

- Insulation : continuous covering of the core-intended to

insulate it electrically.
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- Sheathing : continuvous covering round the outside of a conductor
infended to protect its bosic elements from external
detoriation,

- Single : ¢ontinuous covering on the cors, which has the ducl

insulation function of pratecting and insulating the conductor
Core.,

- Separator . @ secondary element of plastic tape or textile fibre
betwean the various primary elements which forwi part
of the canductor,

. Conducter :

assembly formed by the core ond the various cover-
ings surrounding it which help to insulate ond pro-
fact itl

1.3 - Classification

Conductors ‘are classified acccording to the nominal veltage in use {in
relation to eorth) in three series:

- The 750-volt series
~ The 1500-volt series
« The 3000-vclt series

These nominal voltages correspond to the maximum voltages in use
{d.c. or a.c.) loid down in UIC leoflet 619,

In addition there dare three categories {1, H and |11} for each conducs
far series ;

-Category |, is intended for fitting to those vehicles parts not expos-
ed to the action of mineral oil or liquid fuels,
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-Category tl , is_intended for litting to thise vehicle parts exposed to
the nction of mineral oil, but not liquid fuels,

- Category Il . is intended. for fitting to those vehicle parts-exposed to
the action of minera! oil and liguid fuels.

Each of these conductor cotegories is sub-divided into two groups :

- Group A includes conductors designed for a working core temperatfure
nat exceeding 70°C,

- Group B includes conductors provided for a working core temperature
not exceeding 1009 C,
Finally, there are two fypes of conductar of increasing resistance to
fire, depending on their behaviour in the presence of flames ;

- type 1, resistant to the spread of flames,

- type 2, of fire - resisting capacity:

1.4 - Designation

The conductors covered by‘these specifications are designated in
accordonice with nationol stendards in force in the courtries of -Member

Railways.
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2. REQUIRED CHARACTERISTICS

2.1 - Composition
Cahbles covered by these specifications shall consist of:
- acore of ¢ircular cross-section,
- un optional separator around the core
~ insulotion on the core
- an optional separator around the insulation,
- protecting sheathing on the insulation,
It must be possible to reploce the insulation and sheathing of the

cable by single insulation combining the functions of electrical insuld-
tion and protection.against external agents.

The core of the conductors shall be rwisted in simple or complex
sfrandsor in twists apd, depending op the noture of the equipment, it must
conforn to flexibility class 5 or 6, as defined in IEC publicetion No, 228,

-Class 5 for flexible conductrors,
- Class 6 for exira-flexible conductors .

The number of wires, strands or twists in the conductors depends on
the nominal secticnal area ond the class of flexibility to which these con-

ductors belong. It must conform fo the requirements set ouf inTable 1.
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The Railways shall be free 1o décide whether to insért a4 sepdiator
between the core and the insulation, A seéparater i's recommended when
the core is not plated. I there is a separator, it shall be coloured,

Insulation should be closely fitted 1o the core in a single layer,
If there is no separator, the insulation’s degree of adhesion to the
care must be low enough to prevent any ditficulties when separating
‘these two elements by hand.

The Railways shall be free to decide whether to insert a seporator
betwegn the ‘insulotion and sheathing.

The protective sheathing shall be closely fitted 1o the insulation.
Even if there iz no separater, it-must have a degree of adhesion to the
insulation 1ow ensugh to:prevent any difficulties when separating these
two elements by hand.

If single insulation is used, it shall be fitfed tightly to the
core. As with ordinary insulation, the degree of adhesion must be {ow
enough to prevent any difficulties when separating the two-elements. by
hand, when the optional separator is not used.

2.2 . Choracteristics of the core
2.2.1 - Nature of the metal

The metal used for the core:6f the conductar shall be annealed
copper in the form of bare wiras,
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Arthe Roilwoy's request, the copper wires can be plated
before use. In this case, the tin layer must be adherant, hamogeneous,
continuous and free from giobules.

2.2.2 - Geometrical choracteristics

The wires forming the core of the conductor must have the
soma nomina! diometer,

The maximum diameter of the wires and the reconmended
size of the nominal cross-sectional area must correspond to the provi-
sions laid down in table 1, depending on their flexibility classes,

The cobling pifch of the wires forming the outer layer of o
simple strand or fwist must not be more thaen 20 times the nominal dia-
mefer of the core . In the case of cores with o complax strand,
the total cabling pitch of the simple strands or fwists, based on the out-
er Jayer of the complex strand, must not be more than 20 times the nomin-
al diameter of the core,

2.2.3 < Ohmic resistance

Depending on their nominal cross-sectional areu ond flexi-
bility ¢lass, the ohmi¢ resistance / unit length of the core of the conduc-
tor -at a temperature of 20°C must not excesd the values laid outin
table 1, which conform to 1EC Publication 228,

In addition the shmic rési1stance must not be less than 87%
of the specified corresponding valoe.




B [
895
TABLE 1 - COMPOSITION AND OHMIC RESISTANCE OF THE CORE

{according te |IEC Publication 228) OR
Nominal aree in mm2 0,5 | 0,757 1 6] 2510 4 6 e | we | 25 | 33 50 | 70 | e5 |t20 150 | 185 | 240 | 300 | 400 | 500
Number of wires {1} 16 24 32 30 50 56 B4 8¢ 126 194 |27&6 196 [360 475 603 756 925 N221 11525 12013 1769
Compositian {n x 1) (1} . - - - - - - - - - - - - 1932 1274283725 27<23161x25161x33 |61x29
|
Class 5 \
vary Maximum diometer of wires in mm 0,21 ¢, o, 0267 024 03V 031 043 041 043 0,41} 043 0,5 05 9,51] 051 051 05| 0,54 0,51 0,61
Hexible I
Nominal diometer of wires in mm (1) 0,20 0,240 0,20 0,25 0,25 039 0,30 0,40 0,40 040 0,40 0,400 0,50 G,5( - 0.5q 0,500 0,50 0,54 0.5Q 0,50 0,60
Maximum re- Bore wires 37,1 | 24,7] 18,5 2.7 7.69] 477 3,34 1,82 1,610,743 0,527 10,368 ) 0,259 (0,194 [ 0,153 10,123 0,101 |0,0763|0, 0611|0, 0463)0,0366
sistance ot
200 C in .
Ohm/ km wires coated with o] 38,2 254 | 19,1 (12,0 7.52] 4,85 3,231 1.85 1,18;0,7571 0,538 | 0,375} 0,264 | 0,200 !0,156 0,126 0,308 {0,0778|0,06230,0472, 05,0377
metaliic layer i 1
!
MNumber of wires (1) 28 42 56 85 140 | 228 189 324 513 7E: L1107 § F02 299 | 1332 | 17072 i?'l 0% 1 2590 | 3340 [ 4270 - -
i ,
Compuosition (n x 1) (1) - - - - F20012X19) 7=27 [2=27 |V 9=27 [27-2927> 41 2?5‘-26537- 27| 27036|3746 |37 -5A37-70 |4B~FO[6V =70 -
! ;
Class 6 1 i aximom diumeter of wires in mm 06| Ca6] CIEl Ch6| D16 046 021 0211 021 0211 021 031 ¢ x| 031 o3| 031 | 031 o;
extra ;
Hexibl Nominal diometer of wires in mm {1) D15 G5 g8 o015 0,15 0,15 o020f @20; 020! €20 020 03¢ 030 030 020 030 030 0,30/ 0,30 - -
oxt =
j |
Maximum re- Bore wires 37,7 | 251 {186,8 {124 | 7.54| a,63| 3,14| 1,83] 1,1610,758] 0,536 10,376 0,244 {0,195 {0,155 |0,125[ 0,102 |0,0785|0,0618 - -
sistonce ot . .
200 Cin- [
Ghm/ km wires coated with 0| 40 0 | 95 5 (19,4 |t2.8 | 7.76| 4.76| 3.23| 1,88] 1,09 ] 0,780 0,552 0.387] 6,272 | 0,204 [i0,159 10,129] 0,105 |0,0808(0,0634 - -
metallic layer
{1} The compositions and neminal diameters given are those from which the presented maxirium chmic resistance n = number of strands

values at 20° C have been calculated, Compositions (in porticular the number of wires ) given os o guide,
are recommended, t = number of wires pes strand
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2.3 - Characteristics of the insulation, sheathing, single insvlotion ond
separators {if any)

2.3.1 . Geometricol characteristics

The Railways shall be free to chioose the thickness. of sheath-
ing and single insulation.

. The meon value of the thicknesses on the insulation, sheath-
ing and single insulation must not be less than the specified nominal
value. Moreover, the thickness at anyone point can be less than the
specified value, provided thot the différence is not over:

-0.7 mm + 10 % of the specified value for the insulation ie.:

en-erso.] mm + e
100

- 0.1 mm + 15 % of the specified valve for sheathing and single insula-
tion; i.e.:

15
8, ~ o \{.0.1 mm + —I'E'o— L
. whete e is the thickness given in mm

&n is the specified nominal thickness, in.mm

2.3.2 - Mechunical characteristics

Whatever their categery, the insulation, sheathing or single
insulation of cables must be elastic and have appropriate mechanical
strength.
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In particylar, their ultimate breaking strength and their
coreesponding elongation must not be less than the values specified
below:

Ulimate breaking Elongation at
sirength 2 rupiure
in-daN/ e in %
Insulation 50 250 %
Single insulotion 100 250 %
or sheathing

2.3.3 - Physical and chemical characteristics
2.3.3.] - Heat resisting capacity

Any change in the mechanicol and elastic chargcter-
istic of insulation and sheathing or single insulation ofter subjection to
heat must be limited, irrespective of the category index of the conductor,

In particular, after subjection to heat {7 days ot 100°C
for cotegory A conductors, or. 10 days at 120° C for category B conductors
under the test conditions laid down in § 5.2.2.3., any varigtion in the
ultimate breaking strength mist be less than 20% of the values noted as
regdy for submission, and voriation in the corresponding relative elonga-

__tion must be less than:

-30 % for category A conduciors
- 40 % for category B conductars,

In this latter case, elongation ofter ageing must be at least equal to

200 o,
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2,3.3.2 - Resistance to ozone

Whatever category they belong to, insulatien, sheath-
ing,or single insulotion must have a resistonce to ozone such that, under
the test conditions loid down in § 5.2.4, no crazing or cracks appear after
immersion of 3 hours in oan-atmosphere with an ozone concentration of
between (.025 % and 0.030 % in volume.

2:3.3.3 - Resistance of sheathing or single insulation of conduc:
tars in categories | and I to minerol oil.

it must be possible for sheathing or single insula-
tien of conductors 1o be immersed in mineral oil over long periods without
there resulting an excessive change in their geometrical and mechanical
characteri stics,

In particvlar, after immersion in oil No 2 (described
in§ 4,3.2.2) for 70 hoat 100°C, under the test conditions: loid down in
§ 5.2.3 and 5.2.2.4, variation in volume must be less than 20 % of the
initial volume. Furthermore, variation: in the ultimate breaking strength
wust be less than 30 % of the valves noted as reudy for submission, and
varigtion in the corresponding relative elongation less than 40 4.

2.3.3.4 - Resistance of sheathing or single insulation of
canductors in category H 1o liquid fuel

It must be possible for sheathing or single insula-
tien of conductors: in category I to be immersed in the liquid foels fo
which they may be exposed in ordinary service, without there resulting
an excessive change in their characteristics.
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In particular, after immersion in the liguid fuel
described at § 4.3.3.2 for 168 hours at 70 ¢C under the test conditions
laid down in § 5.2,3 and 5,2,24, variation in volume must be less than
20 % of the initial volume. Furthermore, variation in ultimate breaking
strength must be less than 30 % of the values noted as ready for sub-
mission, dand variation in the corre sponding relative ¢longation must be

less than 409,

2.3.3.5 - Insulution resisfance of insulation (conductors in the
3000-volf series)

At room temperature {20 +.5°C) the transversal resis-
tivity of the insulation of conductors in the 3000 volt series, as calculat-
ed from the insulafion resistdance under the conditions luid déewn in
§ 5.2.5, must be more than 107°  § cm.

2.3.3.6 - Longitudinal di-electric rigidity of the separotors
used

When the conductor contains o sgparater inserfed

-between the insulation and the shedthing, the separotor must be of suffi=

sient di-electric sirength. In particular, thers must be nolbreak-down,
under the test conditions laid down in 78.5.2.6,with an altermnating current
of 12 kV mdintained for 30 seconds.

2.4 - Choracteristics of conductors as ready for delivery.
2.4.1 - Geometrical characteristics

The Railway shall be free to choose the external diameter of
the conductors,
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Conductors must be cylindrical. In particular, the difference
between any two conductor diameters measyred at the some section must
nat be more than 15 % of the upper limit laid down for the didmeter,

2.4.2 - Mechanical choracteristics

(onductors must be copoble of the detormations they are destined
ta undergo in service, without any chonge in their mechanical characteris-
tics. lnparticular, it must be possible for the conducitors to be ¢ viled several
time's in succession around a mandrel without any change. in their di-
electric strength under the test conditions laid down in § 5.3.2.

2.4.3 - Electrical characteristics
2.4.3.1 -Tronsversal di-electric strength

Conductors musthave sufficient transversal di-eleciric
strepgth to ensire efficient functioning of equipiment under erdinary
operating conditions,

In particular, under the test conditions laid down in

§5.3,3.,conductors. must be able to withstand a‘test woltage ot o frequency
of 50 Hz for 15 minutes without any perforation. The effective values
shall be as follows:
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2.4.3.2 - Disruptive discharge

Under the test conditions laid down in § 5.3.3., there
must be no disruptive discharge within ranges of voltage laid down below,
for each conductor series .

Conductor serias

Valtags applied

750 v 6 kY
1500 v 16 kv
3000V 20 kv

2.4.3.3 - Longitudinal di-electric strength

Conductors must have proftective sheathing which is
sufficiently insulating to prevent serious leakoge currents from develop-
ping or sparks jumping.

In particular, under the test conditions laid down in
5 5.3.3, sheathing of conductors must-have a longitudinal di-electric
strength such thut the measured intensity of the ledkage current does not
exceed that laid down in the table below:

Canductor series

Valtage applied

750V
1500V
3000V

2 kV
6 kY
12 kY

Cross sectional area Permissible maximum
of conductor intensity of leakage
(me) current {mA)
& 2.5 5
4.- 16 7.5
25.95 10
120-- 400 20
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Furthermore, in all cases considered above, ond
jrrespective of the conductor area, the arc-over voltage must net be less

than 10 kV,

2.4.3.4 - Stability of insulation te humidity

Insulation of the conductors must be sufficiently
stable in conditions of humidity to ensure efficient functrioning of electric-
al equipment under ordinory operating conditions.

In particular, conductorsimmersed in an_aqueous sodium
chloride solution, under the test conditions laid down in §.5.3.3.5., must
be :able 1o withstand a D.C, voltage as stipulated in the table below,
depending on the series to which they belong, without there occirring
any disruptive discharge.

Conductor series Voltage applied (d.c.)
750 v 1000V
1500V 1 800y
3000V 3600Y

2.4.4 - Physical and chemical characteristics
2.4.4.1 . Resistance to compression

Conductors mustbe sufficiently resistantfo the compresse
ion they may be subjected to under ordinary operating conditions.
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In particular, in the test conditions laid down in
§ 5.3.4.1., shecthing or single insvlotion of conductor s must be able to
withstond a lead for prolenged perieds without their thickness at the
point of imprint being less than 50 % of the mean thickness recorded at
twa other points which are not compressed, neor the imprint. For category

Aconductors this shall be at-temperatures of 70 + 22C, and for category
B conductors, ot 100 + 2°C,

2.4.4.2 - Resistance to cold temperatures

The insulation; sheathing or single insulation of
conductors ‘must be able to withstand prolonged perieds of cold without
change in their eldstic and mechanical characteristics.

In particular, ynder the test conditions laid down
in § 53.4.2.;

conductors with a nominal diameter of at most 12,5 mm, must be capable
of being coiled round a mandrel at a temperature of - 25° C without cracks
visible to the noked eye appeoring on the insulation, sheating or single
insulation,

conductors with o nominal diameter above 12.5mm must have correspond-
ing basic elements (insulation, sheathing or single insulation) capable of
undsrgoing o relative elongation of 207% ar - 25°C without cracks visible
to the riaked eye appearing,

2:4.4.3 - Resistance fo fire

(onductors imust be sufficiently uninflammable for fire
not to be able 1o spread along them.
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Distinction should be mode between flome resisting

caopacity, which applies to all conductors and fire-resi sting capacity, which
only applies to type 2 conductars.

24.4.3.1 - Flame resisfance

. Under the test conditions laid down in

5 5,3.4.3. possible combustion of conductors (whether type 1 or type 2}
mist be slow and its spread very grodual,

Any flame must extinguish of itself within
30 seconds of removal of the ignition source. When combustion has ceased,
nio carbonised or otherwise offected part must have reached the upper
extremity of the somple.

4

24432 - Flame retarding capocity

Furthermore, type 2 conductors must be
able successfully to withstand the test set out in 5.3.4.4.

3 - MANUFACTURE

3. 1. Production of the basic compoenents

The sopplier shall hove free choice of production'method for the con-
ductor componants subject to compliance with the provisions governing |
conductor composition, as [aid down in § 2,1 of the present specifications.
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3.2 . Trodemarks

The supplier’s trademark must be shown on each cohle, by meons
of an identification thread or by a seal, in line with the national stand-
ards of the Rajlway,

{f the Railway so stipulates when the order is made, all cable
lengths as ready for delivery must.corry an indelible inscription on the
outer syrface of the sheathing or single insulation at-intervals of no mere
than one meter, giving:

- series denomination

- flexible class (5 or 6)

- nominal cross=sectional areq

category, group ond type
- manufacturer’s trademark

Example: 1500-5-10mm-182-XYZ

4 - CHECKING CONDITIONS

4.1 .. Supply presentstion

Cables shall be presented as ready for delivery with their ends bare,
in batches made up each of cable lengths, os ready for delivery, with the
same composition (series, class, category), same nominal cress-sectional
area and from the same manufacturing batch.

Each dcceptance submission must be accompanied by o certificate
froni the manufacturer attesting that each of the batches satisfies the
tests sef out below,
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This document must also give the date -of submission, the order
references and the consistency of supply. In particular, it will give the
tatal length of conductors supplied, setout by saries, category and
nominal cross-ssctionul area,

4.2 - Hoture ond scale of checks and fests

Railways shdll be free to decide on the namber of series of tests or
checks to be carried out according to the size of batches, The fests and
checks to which conductors are submittad dré set out in the table below,
which also lists the relevont orticles or paragraphs, All or some of these
tests can be-carried out each time o supply is submitted if the Railway

so wishes,

895

Nutur-e Of C}’IEC ks of tests Number of FO{'I’[‘I cmd
T T Test size of
Checking of Conductor category pieces test
characteristics I nlom per fest pieces
| - CORE QF CONDUCTORS
- Composition 515111 310
- Geometrical character- Section of
istics 51,1 510 5.0} i coble 50-cm
lorig
- Ploting 51.3]5.1,3} 51,3
- Ohmic resistance per
vnit length 51.271 51,21 51.2 1 Section of

cable at least
1 mleng

.28 .-
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Mature of Checks or tesfs Nimber of Form and
Test size of
Checking of Conductor category| pisces test
characreristics ; T per test pieces
Il - INSULATING OR: PROA
TECTING FLEMENTS
OF CONDUCTORS
Thickness:
2 oflimsulatisn 5.2,1 | 5.2.1 5.2 3 Secrion of
conduztars
- of sheathing or 60 cm long
cingle intulation 5.2 | 520 | 5.2 3
Tensile strength
- as ready for submission
a)ofinsulation 58,2252 2.115.2.21 3
b} of sheathing or
single insulerion 5.2.2.2|5.2.2,25.2.2.2 3
- gfter exposure to heat
Test pieces H%
a}of insulation 5.2,2.315,2.2.315.2.2.3 3 H3 or fubes
token trom
b) ef shedthing. or sections of
singls insu?ﬁlion 5.2,2.315.2.2.3]5,2,2.3 3 P conducter to
determine
irer on in oil thickness and
« gfter immersion in oi s
Mo, 2 of sheathing or sylindricity
single insulation 5.2.2.4]5.2.24 3
- dfterimmersion in
fiquid fuel of sheath-
ing or single. insula-
tion 5.2.2.4 3
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Noture of Checks or tests

Nature of checks or tests

Number of Form and
) Test ‘gize of
Checking of Cohducter category pieces fost
characteristics I " : 1 per test pieces
Variation in yolume
- after immersion in oil fo. 3
2 of sheathing or single 1-3em
insulation 5:23)523 3 tubular portion
of the sheath-
- after immersion in liquid ing of single
of sheathing or single insulation of
insulation 5.2.3 3 the conductor
Rexisiance to ogong
- of the insuldtion 5.2.415.24 524 2 Appropriate
\conductar
- of the shaothing or . length
single insulation 524 [52.4]1524 2
Insulating resistance
of insulation 52515251525 i 5 m conductor
saction
stripped of its
sheathing
Di-eleciric strangth
ﬂf separator 5.2.6 {15.2.6] 5246 1 150 hm
conductor
seaction
FH < CONDUCTORS AS
READY FOR
DELIVERY
Geometrical
chargeteristics 531 |5317]5.341 1 The cable
itself
Mechanical
characteristics 53.216.3.2|5.3.2 1 Appropriate

conductar

section

Nomber of Form and
Checking of Conductor category Test size of
pieces test
characteristics i T Ht per test pieces
Electrical
chdracleristics
- Transversal di-electric
streagth:
a)as ‘ready for sub-
missian 5.3,3.% 53325333 1 Tha cable
itseif
b} after immersion in
liquid fusl 5.3.3,2 1 3 m coandiicor
section
- Disruptive discharge
lest
a).as ready for sub-
mission 5.3.3,3]5.3.3.315.3.3.3 1 T m conductor
section
k) after immersion in
liquid fuel 5,3.3.3 1
= Longitudinal di-electr d
stréngth
«-qs ready for sub-
missien 5.3.3.4]5.3,3.45.3.3.4 1 50 em
= after immaersion in conductor
liquid fuel 53.3.4 1 section
< Checking of the
Siabi!ily of the
bumidily insulation ; 5 mconductor
section
= Qa5 roady for
submission 5:3.3.5|5.3.3.515,3,3.5 1
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Mature of checks or tests | Number of Eorm and
Gond Tast size of
Checking :of nductor calegory | piaces tesy
characteristics | T i per test pleces
Physical and chemi-
cal characteristics
- Compressive strength at
high temperatures
4) as ready fer submission |5.3.4.1 6 1m cond{uctor
section from
b) after immerszion in-oil which 6 tubas
no. 5.3.4.15.3.4.1 & ar & strips are
removed as
c) after immersion in test pieces
liquid fuel 53.4.1 )
- Regisglance to cold
lempergiuies |
- of insulation:
after subiﬂcﬁon to heat 15.3.4.2}15.3.4.2 5342 2
Appropriats
- of sheathing or single coiupduch;l\‘:
insulation section
2
6) ofter suhiaciion to {:iref:'e:{) st
hear 5.3,4.2]15.3.4.25,3.4,3 2
b} after immersion in
liguid. fuel 5.3.4.2 2
~ Flame resistance
- os ready for submissien [5.3.4.3 1 600t 25 mm
tést piece
. after immaersion in oil ramoved from
No. 2 5.3:4.3 1 4{: 700 mn)1
Qpprox.
-ofter immersion in canductor
tiquid fuel 5.3,4.3 1 saction
- Fire relarding capacity
- 08 ready for submission ]5.3.4.4|5.3.4.415.3.4.4 1 Appropriate

conductor
sectian
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4.3 . Test pisces
4.3.1 - Method of sampling and preparation of test pieces

The number, method -of sampling and possibly preparation of
samples, as 'wall as the conditions governing preparation of test pieces
are set out in these specifications accerding to the nature of the checks
and tests.

Samples ond test pieces, and thé conductors from which
they comme, must retdin the indelible identification marks affixed on
them in dccordance with the instructions of the Railway inspector,

Tests and checks to which conductors are subjected shall
be carried out on test pieces as reudy for submission, or an test pieces
which have undergone preliminary processing:

4.3.2 - Processing of test pieces
4.3.2] --Subjection to heot

The samples or test pieces to be subjected to heat
sholl be exposed in an ordingry drying oven with air circulation, in decor-
dance with the conditions laid down in Recommendation {SO/R 188. The
length of exposure and the temperature shall be as follows:

< 168 hiouirs + 2 hours at 100.+ 19C f&r Category A conductors or conductor
sections ;

- 240 hours £ 2 hours at 120+ 2°C for Cofegory B conductors or conductor
sections,
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After this exposure, the samples or test pieces shall
be removed from the stove and left af room temperature for ot least 16
howrs before being tested.

-

4.3.2:2 - Immersion in the reference tiguids
Characteristics of the liquids
The reference: liquids shall be:

- ail Mo. 2, which is defined in Recommendation I50/R 1817, Its composi-
fion and characteristics are given below:

- aniline point P93+ 3L

(20 2) 1078 m2/s
< flash point ;2> 24000

- kinematic viscosity

- liquid fuet with the follswing choracteristics:
- maximum viscos ity at 200C =20 cst
- boiling point: between 180° and 400°C
- flash point: 280°C
- aniline point: 69.5% 1°C
- no discernible troce of mineral deids in free state

- sulphur content: 0.4 -1.0%
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- {nstructions for immersion in the liguids

The samples or test pieces to be tesred with ail Mo, 2 or liquid fuel
shall be immersed in these refererice liguids in line with Recommendation
ISO/R 1817, and under the following conditions:

- the volume of oil or liguid fuel must ot least equal 15 times the velume
of the samples or test pieces,

- the container must be closed 5o ds to reduce evaporation of the liguid te
a minimum, and be kept for:

70 hours T 1 hour at 100 ¢+ 1C for oil No. 2
168 hours + 2 hours ot 70 £ 29C for. liquid fuel

Unless otherwise indicated, the test pieces or samples shall be removed
from the bath after undergoing this process, allowed to drip, then dried
supsrficially and left for at least 3 hours,

5. CHECKING AND TESTING OPERATIONS

5.1 . Checking of the characteristics of the conductor core

£.1.1 - Checking of the composition of fhe core and its geomeirical

characteriztics
Preparation of the test piece

The test piece shall consist of a conductor section some
50 cm lang, removad from 1 length as ready for delivery, This conductor
section shall bs stripged of all insulating ond profective elements,
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Procedure

The Member Railway's inspector shall ensure that the distance
¢overed by an outer spiral of cabling is not more than the value loid down,
and that the diameter of the wires corresponds to the flexibility class of
the conductor,

The wires shall be measured, by meons of a ratchet micremeter
or'o micrometer with dial, between circular smooth faces at least 5 mm in
diameter. The overage of the readings of two measurements taken of righi
angles to each othet shall be accepted as the value of the diameter.

Results to be obhtained

The results to be obtained are given in § 2.V and 2,2.2.,

5.1.2 - Measurement of the ohmic resistance / unit length
Preparation of the test pisce

Conductor sectionat-least 1 m long.

Procedure

The resistance of the core of the conddcitor shall be measured
by means of one of the usual methods compatible with the scale of the
result, in line with the provisions in 1EC Publication 228,

The ends of the conductor section shall be stripped of their
insulation ond profection aver a sufficient length to enable contact to be
made with the core. The length of the test prece shall be the distance
between the two contact points between which the resistance is measured.

The correction necessary for expressing the measurement
actually made at any temperature 1, in terms of o temperature of 20°C for
a length of 1 km of cable, can be obtained by the formula:

R R 254.5 1000
20= .
. Pomaser L

whiere :
t is the temperature in *C of the test piece, at the time of measurement.
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Rpg is the linear resistance ot 20°€ in ohms per km
L is the length of the test piece in meters

Rt is the recorded résistdnce in chms of L -meters of cable at +°C

Results fo be obtained

The results to be obtained are given in 2.3.3,

5.1.3 . Checking of the ploting. of the copper

When the copper wires forming the cors are plated,
checking shall consist of determining the adhesion and continuity of the
protective layer.

The test piece shall consist of the conductor section which
wos used for checking the composition. Appropriate lengths of wire shall
be removed from this conductor section for the purposes of this cperation,

Monitoring of the adhesion of the protective layer

A piece of wire shall be wound round a mandre| of equival-
ent diameter, to form 5 continuous Tums,

Resuvlts to be obtgined

No separation of the protective layer must be visible to the
noked eye.

Manitoring of the continvity of the protective layaer

Three pieces of wirs approximately 25 ¢m long shall be
immersed for about an hoour in carbon tetrachloride or toluene; then dried
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with cotton wool. These three test pieces sholl then be immediafely
immersed for 30 seconds in o sodium pelysulphide solution at 20°C with
o-density of 1.142,

Next they shall be dried with cotton wool to remove non-
adherent coloured deposits, and then examined with. the naked ‘eoye.

Results to be obtained

There must be no black stains adhering to the test pieces;
stains less than 1 &m across (maximum distance) shall not be taken into
account. Slight change in colour of the protective layer shall be permissi-
bie, as long as it can be removed by rubbing, scratching or any other
means without exposing the copper:

5.2 . Checking of the characteristics of insuluting or protecting elements
of conductors . 1
5.2.1 - Checking of the geometrical characteristics of the insulation

and sheathing or single insulotion

Preparation of the tesi pieces

Conductor sections, about 60 cm long, shall be removed from
3 points no less than 100 cm apart on a length as ready for delivery. On
sach of these conductor sections, either the insulation ond the sheathing
of the core, orthe single insulation of the core and other elements shall
be separated, taking care not to damage the tubes thus formed.

From each of three tubes, coming from the insulation or tho
sheathing or the single insuvlation, a test piece shall be removed by cut-
ting a piece off the end some 5 mm long, at right angles to the longitudi-
nal axis.
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Procedure

When the test pieces have been prepared in this way each
one shall be placed onthe stage ot a measuring microscope {or any egqui-
valent optical instrument} with its cross-section perpendicular to the opti-
cal axis. Each test piece shall then be measured at 6 points on the
circumference as regularly :spaced as possible, where the wall seems to
be thinnest.

To eliminate the influence: of external or infernal surface
irregularity caused by imprints from the core wires or the separators (if
any}, the microscope cross-hairs shall be placed as shown in Appendix

-

Resuvlts to be obtained

The average of the six values thus obtained for each test
piece of insulation; sheathing or single insulation shall be calculated,
in mi fo one decimal place, This average shall be taken oz the average
thickness.

The average thickn ess, and each thic¢kness recorded, must
satisfy the condition in § 2.3,1, accordihg as to whether insulation,
sheathing, or single insulation is involved.

5.2.2 - Checking of the mechonical characteristics of the insulation
and sheathing or single insulation.

5.2;2.1 - Checking procedure

The mechanical characteristics of the insalation,
sheathing or single insulation shall be checked by determining the tensile
strength and the corresponding e longation under the following conditions:

- as ready for submission

- after subjection fo heot.
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- after immersion in oil No. 2 according to conductor
te
< after imimersion in. liquid fuel cotegory

Sampling

The test pieces for checking under the conditions describad
above shall be removed from the remaining part of the tubes which provid:
ed the test pieces used for checking the geometrical characteristics of the
insulation, sheathing or single insulation.

The three tubes corresponding to the insulation shall be mar k-
ed inorder X, Y, Z,

The three tubes corresponding to the sheathing or single insula-
tion shall be marked in order A, B, C,

2 test pieces numbered 1 and 2 shall be cut from eoch tibe X .
Y and Z. These test pieces shall be designated:

X1 X2
¥l Y2
21 72

4 test pieces numbered 1-4 shall be cut from edch tube A, B
and C. These test pieces shall be designated:

Al A2 A3 A4
Bl B2 B3 B4
cl C2 C3 C4

Preparation of the test pieces and precedures for the tensile
tesy

The preparation of the 1est pieces, and procedure for the
tensile test myst conformy to the recommendations of {EC publications

227,245 and 330, which dre given in Appendix 2.
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5.2.2,2 : Tensile strength of the insulation, sheothing or
single insulation as ready for submission

The tensile strength and corresponding relative

elongation shall be determi ned for the insulation, sheathing or single in -
sulagtion en test pieces X1, Y1, Z1, and Al, B1, C] ot 204 5.

Results to be chfained

The average of the values recorded must meet the
conditions laid down in § 2.3.2..

5.2.2.3 - Tensile strength of the insulation, sheathing or
single insulation after subjection to heat

Procedure

Test pieces X2, Y2, Z2 and A2, B2, C2 shall be
subjected to heat in o normal drying oven with circulating hot air. in accord-
ance with the provisions laid down in § 4.3,

The coefficient of deterioration of thetensile strength
and elongation shall be calculated by means of this formula:

0-A
0

x 190

where:

0 is the average tensile strergth, or the elongation, as ready for sub-
mission

A is the average tensile strength or the elongation, after subjection to heot.
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Results to be obtained

The ceefficients of deterioration obtained in this
way must meet the conditions loid down in § 2,331,

5.2.2.4 - Tensile strength of the sheathing or single insula-
tion ofter immersion in.ocil'No, 2 or liguid fuel

Procedure

Test pieces AJ, B3, C3 shall be immersed in oil
No. 2 for conductors in categories Il and Ill.

Test pieces A4, B4, C4 shall be immersed in liquid
fuel for conductors in category 1.

After this preliminary freatment, conforming to the
conditions laid down in § 4.3, the test pieces shall be removed from the
bath; dllowed to drip, then dried to constant moss ynder a prassure of
about 0.2.daN/cm? at @ temperature of around 40°C. They shall then be
cooled down to room temperature and left in the apen air for ot least 3
heurs,

The test pieces shall then be subjected to the
tenisile test.

The coefficient of deterioration of tensile strength
and the elongation of the sheathing or single insulation sholl be calculat-
ed by means of this formula:

0-A
o

x 100

where:

O is the mean tensile strength or the ¢longation, as ready for submission

A is the average tensile strength or the elongation.after immersion in oil
No. 2 or ”C[uid fuel.
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Results to he okfained

The coatticients of deterinration thus determined
must meet the conditions laid down in § 2,3,3.3 ahd 2,3.3.4,

5.2.3 - Variation in volume of the sheathing or single insulation after
immersion in ol Mo. 2 or liquid fue!
Preparation of test pieces
Depending on whether conductors in category | ar category |1 are
being tested, either 3 or 6 tubular test pieces formed of pieces of sheathing
or of single irisulafionof the core shall be cut from one of the two conductor

sections discarded when removing the sample sections for checking the
geometric and mechanical icharacteristics .of the insulation or sheathing.

These tubular test pieces must have dimensions giving a vel-
ume of between! and 3 em?,

Procedure
Conductors in cofegory I :

- 3 test pieces shall be immersed in oif No. 2,

Conductors in category 11l :
- 3-tast pieces shall ke immersed in oil No. 2,
-3 test pieces shall be immersed in liquid fuel.

The duration of immersion of test pieces, and the temperature
must conform to the conditions in § 4.3,
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The conditions for testing and determining the varigtion in
volume after immeérsion ore laid down in Recommendation 1SG/R 1817
{velumetric method).

Results td be obtained
The sheathing or single insulation must show a variation

‘which is between the limits fixed in § 2,3.3.3 and 2.3.3.4, depending on
whether they were immersed inoil No. 2 or fiquid fuel.

5.2.4 - Checking of the resistance to ozone of the insulefion, sheuth-
ing or single .insulation
Saempling and preporation of test pieces

This checking shall be carried ait-on the conductor as such
and on the conductor stripped of sheathing and any intermediate covering,

[n.each case two test-pieces, each consisting of a conductor
section of suitable length, shall be removed from two distinct areas of the
conductor under examination ;: they must be at least Im apart,

Before testing, sach test piece shall be inspected toensure
thot it is free from mechanical flaws such as cracks, indentations etc.

Procedure

The instructions for testing are given in Appendix 3.
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Results to be obtained

The results to be obtained for the sheathing or single insula-
tien and the insulation must cenform to the criteria laid deown in §2.3.3.2,

5.2.5 - Checking of the insulation resistonce of the insulation
Praporation of test piece
The test piece shall be a 5m conducter section which haos been
stripped -of its sheathing ond any intermediate covering,
Procedure
The test piece shall be completely svbmerged, except for its

ends which must protrude o few centimeties, in water at 20+ 5°C, and
left there for at least an hoor ‘before testing.

The measurement shall be made between the core and the
water,

A D.C. voltage of between 300 V and 500 V shall be opplied
for a sufficiently long time to obtdin o stable reading; this fime should in
any case not be less than 1 minute,

Once the insuldtion resistance thiis measured, the transversal
resistivity shall be calculated by means of this formula :



895
OR

. 45 .

where:

P = transversal resistivity in-ohm centimetres

R = insulation resistonce measured in ohms

| = conductor length in centimetres

D = outer diameter of insulation in millimetres
d. = inner diameter of insulation in millimetres

Results to be obtained

The results fo be cbtained must conform fo the requirements
laid down in § 2.3.3,5,

5.2.6 - Checking of the longitudinal di-electric strength of the
separator

Preparation of the test piece

When the conductor comprises a separator, a test piece con-
sisting of o 150 mm conductor section shall be removed from the second
conductor section discarded when samples were removed for checking
geometrical characteristics,

Procedure

The test piece shall be conditioned for 4 consecutive hours
at a temperature of 20 £ 2°C in.an atmosphere of 95% relative humidity.
After this period of conditioning, the test piece shall be superticially
wiped with fluffless filter paper.

Two dnnular coppet electrodes placed 50 mm apart shall be
fixed on the separator which has been made readily accessible ot the cen-
tre of the test piece, When the electrodes are being fitted, carg shall be
taken to avoid domaging the separator when it has been exposed.

895
OR

- 46 -

A viftually sinusoidal alternafing voltage of 50 Hz frequency
shall then be applied between those two electrodes, and the voltage in-
creased unjformly by 500 volts per sécond to reach the effective value of
12000vclts, which shall be maintained for 30 seconds.

Resvlts to be obtained

This result must be consistent with that defingd in 2.3.3.6. .

5.3 Checking of the characteristics of the conductors as ready for
delivery

5.3.1 - Checking of geometrical characteristics
Test picces
Checking of the geometrical ‘chardeteristics shall be carvied

out on full cables as ready for delivery, and measurements token ot three
places at least 1m apart.,

Test procedure
The cable diameter shall be measured either by means of a

caliper or a screw or indicating micrometer.

The cable diometer shall then be determined. in two perpen-
dicwlar directions in the same straight section.

Results to be obtained

The arithmetical average of the medsured values and the
maximum difference between two volues taken at the same point must
comply with the stipulations in § 2.4.1,
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5.3.2 - Checking of the mechanicol characteristics (tendency to
deform)
Test piece

The test piece shall be o conductor section of suitablelength
removed from a conductor section discarded when remaving somples des-
tined for testing resistance fo ozone.

Procedure

The test piece shall be wound, as ready for submission, in
continuous ‘¢oils round a cylindrical mandrel with o diameter several times
that of the conductor :

- three times_greater, when the conductor diameter is less than 20 mm,

-five times greater, when the conductor diameter is more than 20 mm,

It shall then be unwound, straightened out, then rewound, so
that the fibres, which were originally compressed, become tensioned.
This operation shall be repeated twice, thus giving three windings in one
direction, and three in the opposite direction,

The test piece shall be then wound on to the mandrel after
the last winding and subjected to the test for transversal di-eleciric
strength-described in § 5.3.3.2,

Results fo be obfoined

The results obiained must conform to the requirements of
§2.4.2,
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5.3.3 - :Checking of electrical choracteristics
5.3.3.1 - Checking procedure
Electrical characteristics shall be checked:
- as ready for submission forconductors in categories | and |,
- as ready for submission and after immersion in liquid fuel for conductorsin

category H| except when checking the resistance of the insulation to
humidity, which sholl only invelve conductors as ready for submission,

This checking shall consist of submitting these
different conductors 1o tésts ond checks covering :
- transversal di-electric strength,
- disruption:discharge,

- longitudinal di-eleciric strength,

- tesistance of insulation to humidity.

Preparation and treatment of samples

Samples destined to have their electrical character-
istics checked as ready for submission shall be tested as such, without
pricr tfreatment.

The sample which is to have its electrical character-
istics checked after immersion in liquid fuel, must be immersed in this
liquid, in accordonce with the provisions laid down in § 4.3,
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This somple shall consist of a conductor sec-

tion about 5 m long, removed af random from a delivery unit, It shall be
wound into a coil which is put to soak, with its ends protruding 15 cm,

The sample shall then be cut info sections necess-
ary for making test pieces for carrying out the various tests below.

5.3.3.2 - Checking of transversal di-eleciric strength
Preparation of test piece
The test piece shall consist of:
- the delivery length itself, for conductors in categories | ond |,

- the delivery length itself, and a 3m section of the sample which has
been immersed in liquid fuel, for conductors in-category 11,

Procedure

Each test picce shall be completely submergad up
to the ends which shall protrude about 15 cm in water taken and maintain-
ed at 20 + 5oC; it shall be left to soak there for 24 haurs continuous ly.

While the t&st piece is still submerged, o virtually
sinusoidal alternating voltage with o frequency of 50 Hz .and an effective
value of:

2 kY _ 750V
6 kV i::?:dt;; % 1500V series
12 kV 3 000V

shall be applied between the core of the conductor and the water it is
immersed in for 15 minutes,
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Results to be obfained

The results to be obtained should conform to the
requirements of § 2,4.3,1.

3.3.3.3 - Test of disruptive dischorge
The fest piece shafl consist of:

- a 1'm conducter section, taken as ready for delivery, for conducters in
categories | and 1l;

- a 1 m conductor section, taken as ready for delivery, and a I'm
conductor section removed from the sample which was immersed in
liquid tuel, for conductors in cotegory I1].

Procedure

The test piece shall he completely submerged,
except for its ends which protrude a few centimetres, in water taken and
maintained ‘at 20 £ 5°C; it shall be Teft to seak for 24 hours in succééssian
and afferwards subjected to a virtually sinusoidal alternating voltage with
a frequency of 50 Hz, applied between core and watet and having an
effactive value of:

2 kV for . 750°v
& kV conductors 1500V series
12 kv in the 3000V

The voltage shall then be uniformly
incrensed at:

10 V7 s }iar 750 Vv
150 ¥/ s t conductars § 1500Y series
250 V/s Yin the 3000V

vntil disruptive discharge,




Resplts to be obtained

‘ There must ke no disruptive discharge of the voltag-
es given in § 2.4,3.2,

5.3.3.4 - Checking of longitudinal di-electric strength

This checking shall only invelve conductors with
insulation and protective sheathing.

Preparation of the test piece
The test piece shall consist of:

- 050 cm conductor section token as ready for delivery, for .conductors
in categories | and 11,

-.a 50 em conductor section token os ready for delivery, and o 50 em sec-
tion removed from the sample which was immersed in liquid fuel, for
conductors in category ik,

Procedure

The test-piece shall be fitted with evary precaufion,
with two annular electrodes, each consisting of a short coil in copper wire,
wound round the sheathing. The wire shall have a citcular cross-section of
about 1.8 mm in diameter, Each cail shall consist of at least three continu-
ous turns. The twe electrodes shall be fitted to the middle part of the test
piece, with their last innermost turns at least 50 mm apart, When they are
being fitted, any indentation of the wire in the sheathing must be avoided.

The test picces fitted with electrodes shall be sub-
merged, with their ends protruding about 50 mm, in water maintained ot
20 + 5°C, and left ta saak there for 4 hours in succession. After soaking
they shall be removed ond superficially dried with fluffless filter paper.
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Measurement of leakage current
The test pieces prepared as dbove shall be immedi-

ately subjected foa virtually sinusoidal alternating voltage at a frequency
of 50 Hz, and.an effective value of 2000V, passed between the ‘electrodes.

After 10 seconds of charging, the leakage current
shall be measured on a milliammeter.

Meazurement of Hlash-aver voltages

The voltage shall be uniforinly increased ot a rate
of 100 V/'s. until flosh-over occurs.

Results to be ohtained

The intensity of the. leakage current-depending on
the conductor area and the flash=aver voltags, must meet the requirements. in

§243.3,

5.3.3.5 < Checking of the resistunce of the insulation against
humidity

This checking shall invelve conductors with single
insulation and conductors with insulation and sheathing.
Pieparation of test pieces

5 m conductor section taken asready for deljvery,

Procedure

The test piece shall be completely submerged,
except-for its'ends which protrude about 25 cm, in an agueous solution of
sodium chloride at about 10 g/, maintained at 60+ 5°C, und left to soak
for 240 hours in succession.
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For the duration of the test the core of the conductor
"shall be linked to the negative pole of o d.c, source; and the positive pole
af the seurce to a copper electrode inimersed in the solution,

The voltage applied between core and water shall

be 3
1000V )ior conduee| 750V
1800V };:sc?: tﬁ: ; 1500V series
Je00V 3000V
Result to be cbtoined
The resolt ebtained must conform to the requirements
of § 2434,

5.3.4 - Checking of physical and chemical characteristics

5:.3.4.1 - Compression test at high temperatures

The samples from which the test pieces dre removad
shall be 1 m conducter sections. for conductors in categories [ and HI
these sections shall be subjected to the following-preliminary treotment:

- immersion of a sample in il no, 2 for conductorsin category I,

- immersion of ¢ sample in oil no. 2, and another somple in liquid fuel for
condirctarsin cotegory 1.

The samples to be treated shall be put to seak in
the corresponding reference liquid, with their ends: protr uding. The dura-
tion and temperature for the tests must conform to the conditions set cut

in § 4.3,
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The test pieces shall consistof:

- & 4em conductor sections removed from the middle of each treated sam-
ple, and the ends of each unfreated sample, for cables with single
sheathing ,

-6 strips removed from the sheathing and cut in the direction of the cen-
ductor axis; with a width equal to about- a third of the circumference,
and obout 4 ¢m long ; they shall be removed from the middle of each
treated sample, for conductors with sheathing oriinsulation,

Procedure

The procedure for pressure test ar high
temperatures must conform to the recommendations of IEC Publication 330,
which are given in Appendix 4.

Results to be obtained

The mean values recorded must lie within
the {imits. fixed in €2.4.4.1,

5.3.4.2. - Testof cold-resisting capocity

) This test shall invelve both the conductar
as such and the conductor stripped of sheathing epd dny intermediate
‘covering;

Removal and treatment of samples or tesi-
pieces for testing

In every case considered below, the test
pieces shall consist of o conductor section of about 1 m long, and shall be
removed from distinct areas of the conductor being tested ; they should be
at least T m apart,
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The follawing fest pieces are removed:

a) 2 test pieces from:every type of conductor in categories | and. 1] with
insulation and sheathing or with single insulation,

b) 4 test piecas from every type of conductor in category !l with insula-
tion and sheathing or with single insulation,

¢) 2 test pieces from only those conductors in cotegories |, |l and 11, with

insulation and sheathing.

The two test pieces deseribed ino) ond 2 of the 4
pieces deseribed in b) shall be aged in‘a drying oven.

The two test pieces described in ¢}, for ench cate-
gory of conductor sholl be aged in a drying oven after being stripped of
their sheathing,

The conditions for artificial ageing are laid down in

§ 4.3,
- 168 hours ot 100°C for conductors in group A,
- 240 hours at 120°C for conductars in group B,

The two remaining test pieces described in b) shall
be immersed for 168 h, of 70°C in the liquid fuel defined in §- 4.3.2.2,

After they have been aged, or immersed in liquid
fuel:

- tast pieces consisting of conductor sections with a diameter of at most
12.5 mm shall vidérgo the bending test at <25°C.

-test pieces consisting of conductor sections with a diemeter greater than
12,5 mm shall have their bosic elements separated.
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After separation, three dumb-bell test pieces of the
H2 type, conforming to those defined in figure 2. (Appendix 2) shall be cut,
intubes previously split longitudinally, from:

- the tubes of sheathing or single insulation of the test pieces described
in a) and b,

- the tubes of insulation of the test pieces described in ¢}

to be subjected to the elongation test at -25°C,

Procedure
The test-of resistance to cold temperature (bending
or elongdtion) shall be carried out in accordance with the provisions of

IEC Publication 330, completed and clarified in line with the details given
in-Appendix 5.

Results to be obtained

The results to be obtained mu st conform t6 the require-
ments of §2.4.4.2.

5.3.4.3 - Flame resisting capacity

Preparation of test pieces

Thie test piece which is tested shall be a conductor
section 600 1 25 mm long removed from a conductor sample about 700 mm
long :

- e¢ither-as ready for delivery, for conductors in cateqory |,

- or after immersion, except for its ends, in line with the conditions laid

down in'§ 4.3,.2.2,
- in oil no. 2 for conductors in category 11,
- in liquid fuel for conductors in cotegory ill,

which have had their ends discarded,
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Procedore

The test shall be carried out in accordance with
the provisions of IEC Publication 332, as developed and clarified in
Appendix &,

Results to be obtained

The results tobe obtained must conform with the
requirements of § 2.4.4.3.

3.3.4.4 - Checking of fire-refarding capacity
Preparation of test pieces
The test piece which is tested shall be a type 2:con-
ductor, of suitabls length, as ready for submission,
Procedure

The test shall be carried out in line with the nation-
al standards of the Railway conzerned.

In the:absence of national standards, the method
described in Appendix 7 is recommended,

5.4 . Canclusions of checks ond tests

Any test result not meeting the required conditions ¢an lead to the
rejection of the corrésponding botch.

If the Railway thinks it con aecept complementary tests, the nature
and number of these tests shall be defined in o special ogreement between
the supplier and the Railway.
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6 . DELIVERY CONDITIONS

6.1 - Method of delivery

Cables shall be delivered in coils of resls of 100 m or multiples of
100 m. The prior agreement of the Railway is required for the delivery of
lengths less than 100 m. Inany case, the proportionssupplied in lengths
of less than 100 m must not be more than 25 % of the total amount suppli-

ed;

Both ends of each delivery length of cable must be carefilly pro-
vided with a suitable covering forming tight and durabls protection. The
supplier shall be left 10 decide on how to proceed in this connection.

Cables must ba firmly fixed by their ends to the cheeks of reels, to
avoid damage.

When delivery is requested in coils, each coil must be maintained
with 4 links, consisting of textile rope wide enough to prevent the conduc-
for deterioration,

6.2 - Supply identification

Each reel or coil must be provided with a tearsproof label fixed by
lead. This label must remain visible when the cable is protected by pack-
ing, and it must bear the following informution:

- supplier's trade-mark, with some distinctive wire if required,

- description of the cable (series and area),

- number-and date of the order,

- date of manufacture (number of the month and last two figures of the year),
- effective length. of the cable,

- mass of the cable,
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Fig. 1

Placing of the crosswire of the megsuring micrescope
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TEMSILE STRENGTH AND ELONGATION AT RUFTURE
{based on IEC Publications 227,245 and 330)

1 - Preparation of test pieces

Test pieces taken from the fube samplés removed from the sheathing,
insulotisn or single insulation of the conducters shall be Used for deter-
fnining the tensile strength and elongation ot rupture,

They may be
- either tubular test-pieces

- or dumb-bell test pieces.

The tubular test-pieces shall correspond to sections of tube samples
100 mm in length.

The dumb-bell test pieces dre of two types:

- dumb-bell type M2,
-small dumb-bell 1yps H3.

the shape and sizes of which are given in Figure 2. They shall be taken
at random from the tube samples split lengthwise beforehand and reduced
tera thickness of between 0.8 and 2 mm by an appropriote method,

Dumb-bell test pieces of type H2 shall be used when the tube samples
are taken from conductors with nominal crass-sectional area greater than

25 mmZ.
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Tubular énd small dumb-bell fype H3 test pisces shall be vsed when
the fubs-samples are taken from cond!icmrs with nominal cross-sectional area
not greater than or equal to 25 mm“. In thelatter case, small dumb-bell
type B3 test pieces shall be praferred to tubular test-pieces whenever the
dimensions of the tube samples soallow,

The drea of the tubular or dumb-bell test-pieces shall be determined
bafore any prior treatment, '

In.the case of dumb-bell test pieces, the orea shall be calcvlated from
the width and thickness of the test-piece between the two marker lines,
The width and thickness shall e the mean velue obtained from three
measyrements carried oul by means of @ micrometer exerting a pressure
not exceeding 7 N/em2.

The area shall be determined, in the case of tubulor lest pieces:
- gither from the dimensions of this area vsing the formula:
Q=7D-1i
where

i is the mean value of the thicknesses as recorded on the corresponding

tube

D' is the mean recorded value of the outer diameter of the conductor

- of from the density mass and length of the fest pieces using the formula:
160
Q =—-T

£l
where:

M is-the weight of the test piece in grams
| is the length in centimetres

p the density of the elastomer or plustomer used, expressed in grams
per cubic centimetre.
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2. Tedsils test procedure

Immediately before the tensile test, o section of
- 20 mm for tubulaor or type H2 dumb-bell test pieces

- 10 mm for type H3 smoll dumb-bell test pisces

shall be defined by two marker lines on the central part of each test-piece

The grips of the tensile mochine must preferably be of the self-tighten-
ing type. The free length between the grips must be:

~ 50 mm in the case of type H2 dumb-bell test pieces and of tubular test

pieces,
--34 mm in the case of type H3 small dumb-bell test pieces,

The cortesponding rate of separation of the grips of the tensile

machine must be:
- 206 +.5 cm/ min, for type H3 small dumb-bell test pieces

- 3025 cm/min, for type 2 tubular and type HZ dumb-bell test pieces

495
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large. dumb-bell test piece (type HZ)
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CHECKING OF RESISTANCE TO OZONE

1 - Apparatus

The apparatus used for the test shall consist primorily of:
- dn ozone generater ensuring controlled preduction flow,
- @ compressed-air source,

- an-air-drying device such that the dew-point, os measured by a suitable
instrument, is less than - 45°C,

- a flowmeter ensurinig a flow of between 280 and 560 dm¥/h,
- a test chamber built of ozoné- resisting material, Hs dimensions must
be such that the ratio of the exposed area (test samples and their hold-

ers) expressed in cm? to the overall volume of the chamber, axpressed
in em", does not exceed b : 25,

2 . Preparation of test picces
The test pieces intended for checking, as such or without sheathing,

shall be assembled in pairs,

For each pair, ane test piece shall be wound in the same direction
and plane as the initial curvature of the conductor and the other wound
in the same way but in the opposite direction,

This operation shall be carried out at room temperature;,
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Each test piece shall be wound, as shown in figure 3, on.a half-turn
roind the: mandre| and maintained in pasition by means of a ‘tring,

Test piece

X7

f~——=%=—Fastening

VG

Fig. 3

Test piece on a mandrel for
the ozone resistance test

If the test pigce is tod rigid for its extremities to be crossed, it may
be curved Uiwise and fastened iin such.a way that ot least one length
curved 90° on the appropriate diometer is -obtained.
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The diameter-of the mandrels is shown in the following table:

Quter diameter of Mandrel diameter
unsteipped. conductor {multiplc of outer
{mm} diameter of conductor)

under 12.7

12.7 to under 1%.0
19.0 to under 31.8
31 .8 to under 44,5
44.5 and over 1

Loe e - o SR TN

Immediately before they are placed in the testing chamber, the test
pieces, curved round their mandrel, shall be wiped and arranged in a dry-
er for a peried of 30 to 45 minutes.

3. T&Sf pfocedure

The ozon¢ concentration shall be ascertained 15 minutes after starting
the ozane generator and the circulation of oir into the chamber at the
stipulated rate.

The génerator prassure and the air flow rate shall be set in such o way
as to obtain an ozone concentration of between 0.025 % and 0.030 % in
volume, with the air temperature inside the chamber being maintained at
75 + 29C. Once these criteria have been fulfilled, the test chomber shall
bs opserated under identical conditions for 43 minutes:

The test-pieces and their mandrels shall then be placed 10 mm apart
inside the test chamber and at the séme distance from the walls; in o more-
or-less vertical plane, with their free extremities pointed downwards.
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PRESSURE RESISTANCE
TEST PROCEDURE
{Based on LEC Publication 330)

The apparatus forthis test {see figure 4) consists of:

-‘a cylindrical meta! pin with o diameter approximately equal to the
inner diameter of the sheathing,

- a device for applying the fest force by medns of o flaf-edge knife
0.7 mm in width (see figure 4),

-'an oven with hot-air flow.

When the: test-piece consists of o strip, it shall be applied; and fixed
by its hollow surface on the pin,

The test apparatus shall then be placed in the oven, which must be
kept at a temperature of 70 + 2°C or 100+ 2°C depending on whether the
conductors belong to category Aor B, together with the test piece {conduc-
tor length or pin with test piece as the case may be), aond exposed to heat
for 16 hours consecutively,

The conductor-length or pin-test piece unit shall afterwards. be placed
on the support of the test apparatus at right angles to the force - apply-
ing knife, the.edge of which shall rest on the outer surface of the test:
piece. The latter shall then be looded, and the gpparatus ond testpiece
shall be kept thus in the oven for dhours consecutively,
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The value of the test force P is given by the formula:

P {MNewton) = 0,8 \} 2 Da - o2

where:
¢ :the mean value, in millimetres, of the thickness of the single insula: . .
tion or of the sample sheath,
)
D : the meon value, in millimetres, of the cuter diometer of the conduc- [:g_)—_—,
tor SﬂmP[Bs \_.. Suppert

Once removed from the oven, the test piece (maintained loaded) shall
be cooled by spraying cold water over the spot against which the: blade @
is pressing.. It shall then be taken away from the apparatus and immersed
completely in cold water until fully cocled,

f !!!'l. l

fik

Immediately afterwards, a nairow strip sheall be'cut from the conductor
length or sample strip in the direction of the axis (sea figure 5). The
strip shall then be laid flat under o measuring microscope, and the cross-
wire shall be adjusted to the base of the indentation and to the cuter
surface.

. . Dimensiony in millimetres

Fig. 4

Apparatus for pressure
res istance test ot high temperature
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Tast pisce Narrow strip

||ndun|afion

Marrow strip for measurement of insulation

I’{% Indentation
o Y

Crossswite of microscope

Fig. 5

Picture in measuring microscope
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TEST OF RESISTANCE TO COLD TEMPERATURE
TEST PROCEDURE

{Based un IEC Publication 330)

1 - Bend tests for conductors not exceeding 12, 5mmin diameter

The test pieces sholl consist of pre-treated tonductor lengths with
or without their sheath as the cose may be,

The apparatus for this test is illustrated in Figure 6. The diameter of
the mandrels shall be four times that of the test piece.

One end of the test somple shall be fixed to the mandrel of the appara-
tus, while the other free end shall be inserted in the guide tube. Next,
the opparatus with test-piece shall be placed in o ¢old chamber previously
brought to d temperature of - 257+ 2°C, and exposed ti cold for 16 houts
consecutively,

After this opetation, and with the apparotus kept in the caold chamber,
the test piece shall be bent round the mandre! in a close helix, ot g rote
of approximately one turn per second, using the adjustable round bar.

The number of turns is specified in the following table:

Outer diameter of

. Number of turns
test piece (mm)

Up to and including 2.5 L
from 2.6 up to 4.5 incl.
from 4.6 up to 6.4 incl.
from 6.6 up to 8.5 incl.
from- 8.6 up to 12.5 incl,

haind b O8N O
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MNext, the test apparatus shall be remaved from the chamber, allowed
to attain room temperature together with the test piece, which shall then
be examinad while stitl on the mandrel.

2 - Elongation test for conductors with o diameier exceeding 12,5 mm:

The test pieces used shall he type H2 dumb-bell samples.

They shail be conditioned during o minimum of 4 hours at a temperature
of - 25 £ 19C, then elongated ot this same temperature on o-tensile
machine.

The initial distance between the jaws of the tensile machine shall be
30+ 0.5 mm.

The speed of separation of the jows of the tensile machine shall be
50 + 5 mm/ min,

The relative elongation of the test piece shall be determined by re-
lating the increase in the distance between the jows of the machine to
the ‘initial distance of 30 mm. The vdlue of the tensile elongation shall
be recorded,
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TEST OF FLAME RESISTING CAPACITY
TEST PROCEDURE

{Based on the IEC Publication 332)

The apparatus for this test shall consist of:
- a Bunsen gas burner with a nominal bore of 10 mm

: a three-sided metal screen, the cross section of which consists of a
rectangle open on one side, with the following dimensions:

- height 1200 + 25 mm
- width 300 # 25 mm
- depth 450 + 25 mm

- thickriess of metal: 1 mm opproximately.

The biurner may be fired by either:

- prapane gas

- bufdhe gds

Propane gas shall be considered as the reference gus, and its charac-
teristics shall be those fixed by the netiona! norms of the Railway.

The test piece shall be fixed at the top of the screen and held verti-
cally in the latter's axis by means of steel wires 0.3 mm in diameter,
which shall be wound round the sample and fixed to the screen. The test
piece shall be adjusted heightwise so that the bottom of the sample is
approximately 50 mm from the screen base,
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The test shall be carried out in a place free from draughts. The bum-
er shal! be regulated to give-a tlame approximately 125 mm long and an
inner blue cone of 50 mm in length,

The burner axis shall be at an angle of 45° to the vertical and arrang-
ed sothat the tip of the blue cone should be ot a distance of 300 mm from
the bottom of the test pisce (ser figure 7).

The flame shall be applied for o continuous period of T seconds
derived from the formula:

T (seconds) = &0 M
25

Where M is the weight in grammes: of the test piece corrected to a
600 mm length.

Bloe flame

. . Gas burer

o
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Fig. 7

Burner arrangement for the cable test
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CHECKING OF FLAME-RETARDING CAPACITY

{Bosed on French Electricity Board"s Normalisation
Document HN 32:B0 of January 1971)

1 - Principle of test
The cable somples arranged vertically shall be exposed for o specific

period to infra-red radiation from an electric oven the characteristics of
which are described in the present document,

A check shall be carried out after the test to determine that degrada-
tion of the sample by fire is limited to'an agreed length. (See article 5).

2 _ Apparatus

The test oven shall be positioned vertically on a metal frame (figures 8
arid 9)-on which it can slide s0 as to occupy two positions ;

- high position; for the test
- low position, for temperature - setting ond calibration.

The oven shall comprise mainly an aluminivm silicate tube 100 mm in
diametet, round which is woond a strong wire (in Kanthal) insulated by

means of an asbestos gasket. Hs main dimensions are shown on the dia-
gram in Figure 10,
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The silicate tube shall be extended in its Jower port by o metal tube
of similar inner diometer, open at the base,

The frame shall be provided with o top.and bottom securing device,
between which the cable test pieces shall be stretched vertically in the
oven .axis.

Under the bottom securing device shall be placed o removable brass
cylinder incorporating a thermoceuple, which must be: fully housed inside
the radiant part of the oven when the latter is in the low position, and
which shall be used for adjusting the oven temperature before the test.

On the frame shall also be mounted, above the oven in the high posi:
tion:

- two gas burners with low thermal power for use in burning; or maintain-
ihg combustion of the gases released in the oven during the rest;

- o metal sheath of identical inner-divmeter and axis as the oven, for wse
in channelling the flames against the cable at the oven exit,

The oven ard its frame shall be mounted inside o glazed cabin venti-
lated by means of a canopy-shaped exhauster fitted to the top part, and
the bottom part of which shall comprise two registers whereby the air-flow
speed inside the cabin can be adjusted as necessary (figure 11);

This speed, which must be approximately of 120 + 20.m/ min, shall be
controlled by means of a small bladed anemometar inserted between the
bottom part of the metal sheath and the oven in the high position, The
oven shall be switched off before being requlated,
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The oven shall be supplied by means of a device ensuring o continu-
ously variable voltage; its consumgtion shall be of about 1100 Watts for
a-supply veltage of 130V,

The main design features of the oven, frame oad cabin-are given in
Figures §to 11,

3. Constitution of sumples

The samples shall consist of cable ¢lements 1.60 m in length; as
ready for delivary,

When the cable diameter is in the 35 to 70 mm range, the sample shall
consist of 0 simple element,

When the diamefer is less than 35 mm, o bunch shall be formed from a
number of cables sufficient for the diameter of the bunch thus formed to
be comprised between the same values,

The tests shall always be carried out successively on two identical
samples,

4 . Test procedure
4.1 Heating of the oven

For all the tests, it is recommended that the raising of the tempera-
ture should be effected gradually - over 45 minutes roughly - to aveid
thermal shocks on the oven elements. The stability of the oven may be
considered attained after about 3 hours’ supply at constant voltage,
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4.2 - Calibration of oven

The calibrated copper bar described in Figure 12 shall be in-
stalled, properly centred, in the celd oven in the high position; the latter
shall next be moved to the low position; sealed by meons of ashestos
plates and heated up, without the fan operating, unfil stabilisation point
is reached. It shall then be moved back rapidly to the high position so
that the rote of rise of the bor temperature, which is linear initially, may
be recorded, ’

It is possible to determine, through successive tests at differ-
ent voltage values, the power absorbed by the oven corresponding to a
temperatore rise speed of 3°/second in a linear section of the curve (1),

Once this value has been obtained, the callbration bar shall be
replaced by the brass tube with thermocouple, and the temperature 0-indi-
cated by thethermocoupleon stabilisation shall bs recorded. This tempera-
ture shall constitute the regulation valve mentioned in 4.3,

It is recommerided that this calibration exercise should be re-
peated periedically.

4.3 - Test on a cable sample

The sample constituted as indicated in article 3, shall be
stretched vertically in the axis of the apparatus by meains of *he securing
pieces provided to this effect.,the brass cylinder with thermocouple being
fixed on the lower part.

(1) Value determined experimentally os giving the best correlation between
laboratory tests and full scale tests.
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The oven shall be maved to the low positicn.and its top part
shall be shut by means of two plates in refrdctory material. MNext, with-
out operating the ventilation, the temperature shall be missd gradually
until thethermocouple {marker 1, Figure 1) indicates under stabilised
conditions, the regulotion femperature O determined by the calibration as
indicated in 4.2,

The twa burners shdll then be lit, and the oven raised to ifs
high position. The fan shall be turned on ond record taken of the time,
which-constitutes the starting point of the fest,

After 10 minutes' test, the fan shall be stopped for one minute;
pe

After a total test time of 30 minutes, the oven shall be switch-
ed off and moved back to the low position, with the fan continuing to waork,
[f necessary, the sample shall ba allowsd to cocl down before being re-

moved,

5 - Results to be obtained
The cable sholl be deemed 1o hove possed the test if, for each of the

two samples tested; the vuter sheath - or the insulation when there is no
outer sheath - is intact beyond the length contained in the metal sheath,

Possible deposits left by the fumes shall not be taken inte account.
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APPLICATION

With effect from 1 July, 1976 os regards obligafory provisions {see
point 1)

All Railways in the Union, except the DB, to which a derogation
has been granted as regards the leaflet in its entirety, for on unlimited

period,

RECORD .REFERENCES

Headings under which the question has ‘been dealt with:

- Preporation of specifications concerning parts or component units
vsed in the construction of electric locomotives or railcars,

(5th Committes ~E.-: Copenhagen, May 1956; Peris, June 1957; Budapest,
June 195B. - 5th Cammittes T.: Prague, June 1959 Stuttgart, May 1960,

- Revision of Leaflet 895 with the principal object of making it
applicable to conductors with the thermoplastic sheaths,

{Sub-Cammittes for Electric Traetion, Janyary. 1969,

- Question 5/A/1 9 - Revision and possible amalgamation-of leaflets
626-1 and 895, with specicl reference to the scope of utilisation of oil-
proof of non oil-précf cables,

{Sub-committee for Electric Traction: Paris, January 1975; Sub-Committee

for specifications; Paris, Janvary 1976).




