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FOREWORD

I} The formal decisions or aareements of the IEC on technical matters;

2)

prepared by Technical Committees on which all the Naticnal Commit-
tees having ‘a special intérest theérein are represented, EXprass,

as nearly 88 pessible, an international consensus of opin;
. Inian
the subjects dealt with. P °r

They have the form of ‘recommendations far interrational use and they
are accepted by the National Committees in that sense,

‘n prder to promote thils international wnificatlon, the VEC express
the wish that all National Committees having as yet no national
rules, when préparing such rules,; should use the |EC recommendations

as the fundamental basis for these rules in so far as national con—
ditions will permit.

The desirability is recognized of extending intermational agreement
gn these matters through an endeavour 1o harmonize national stand-
ardlZation rules with these recommendations in so far as national
conditions will permit. The national Committées pledge their [n-

fluence towards that end.

PREFACE

This Recommendation 15 based on draft rules prepared by the

International Union of Rallways and submitied in 1963 to the fnterna-
tional Mixed Committée on Elsctric Traction Equipment,

Various amendments were discussed at the meetings held in Tokyo in

1965 and iIn Prague in 1967. As a result of this latter meeting, a new
draft was submitted. In November 1967 to the JEC National Committees for
dppraoval under the Six Months™ Ruleé, and to the laternational Union of
Rallways, Some amendments were submitted to the 1EC Mational Committees
for approval under the Two Months' Procedure in January 1969.

The text thus amended was explicitly approved by the fellowing

IEC Natianal Committees:

Australia
Belgium
Denmark
France
Germany
Hungary
lsrael
ltaly
Japan

Netherlands
Norway
Poland

South Africa
Sweden
Switzer)land

Turkey .
Union of Soviet Sociallst Repablics
United Kingdom

and by the Interndational Union of Railways.




CHAPTER |

GENERAL

1. Scope

The rules contained in this Recommendat fen apply to ohmic resistors
. {resistors: for starting, transition, cireuit interruption, braking,
shinting, stabilizing, etc.) used in the pawer circuits of electrically
powered vehicles in the fdllowing categories

= vehicles supplied with. se=called high-voltage dic., i.e. with a voltage
between 600 ¥ and 3 Q00 v

~ vehicles supplied with high-voltage a.c, at industrial frequency or at
special frequencies ;

- multi-system vehicles capable of being supplied from a number of the
systems described above ;

= vehicles with independent powaer source [(i.e; accumulators; or heat
engines with electrical or other transmission) but exciuding roag
vehicles.

They are also applicable to resistors permanently or temporarily
inserted in ihe majn auxilidry ¢ircuits of the above vehicles, -and any
. trailers and driving trailers in motor coach trains,

NOTE, - C&rtain of these rules may, after agreenment between user
and mamifactirer, be used far resistors installed on other vehicles
such as duc. electric rolling stock supplied at voltages below 600 v,
mine locometives, trolley buses, eto:

2. Ohject

The present rules are: intended to define :
= the conditions which resisters should satisfy ;
- the tests to check that the conditions are in fact satisfied -

—~ the descriptive markings to be applied.

3. Definitians .

Far the definitions of general terms used in this Recommendat ion,
reference should be made to IEC Publications 50 (05) and 50 (30),
Iaternational Electrotechnical Vacabylary, Group 05 : Fundamental Defi-
nitions, and Group 30-: Fleciric traction. For the purposes of this Re—
commendat jon, the following definitions shall apulys

3.1 Resistor element

Resistive corductor, designed without break of cehtinuify, forming
part of a resistance box or frame,

The elements aré. usually in the form of grids, plates, strips,
ribbons or wirés. They may have Intérmediate tappings.

3.4 Resistor box or Fframe

A set of resistor elements assembled into a single structure,

3.3 Resistor block

A frame of compartment in which & number of resistor boxes or
frames are mounted.

3.4 Resistor section

Part of a resistant circuit contained between two consecutive ter—
minals connected to apparatus such as contdctars or controllers.




3.2 Lomplete starting or braking resistor

Set of starting or braking resistors an a veligle.

3.8 Primory insulation

The insulation mext to 1ive metal.

8.7 Moximim temperature (t,/

The mafimum conductor temperature which a resistor box, frame or
block_can withstand permanently without any resyfting damage to their
constituent materlals, including insulants.

3.8 Continuous current (F.7

Cufreént value specified by the manufacturer that a resistar, or
rgsistor section, can withstand on the test bed for an indefinite pe-
ricd in specifiedventilation or cooling conditions, without the tem=
perature ty being excesdad,

3.9 Rated values of resistancas

Rated values of resistances are specified values,

These values do not ‘include the resistance of connections betwean
toxes connected in faries or in parallel to form a set, nor the resis—
tance of connections to apparatus (contactors, controllers),

Except when staled -otherwise, the rated values of resistance are
shown at & temperature of 20° C.

4. Gategoriss of tasts

§.1 feneral

There are three categories :iof tests

type tests
routine tests ; .
= investigation tests.

The differentiation between these three categaries of tests is
brought -aut. in the text.

4.2 Iype tests

Type tesis -are those made on a single piece of apparatus of a given
design,

Fquipment in current manufacture is considered to have satistied
the type tests and is exempted from them; if the manufacturer presants
dily signed reports of type tests already made on identical apparatus
construdted an a previous occasian.

Optional type tests may only be required if they have been ex—
pressly specified in the order,

4.3 Routine tesis .

Routing tests are those made on the whole of the equipment of the
same order. For cértain apparatus, after.agrésment betwsen wser and
manufacturer; routine tests may be replaced by spot checks on part of
the orde¢,

d.4 Investigation tests

Investigation tests are special tests, which are aptional, and made
on & single ilem im order to obtain additional information an its per-




formance ; their éxecution may only be réguired If they are expressly
specified in the order.

The results of investigation tests are not to be taked as ja-
fluencing the accéptdnce of the material,

. CHAPTER |7

CONDITIONS TO BE SATISFIED BY RESISTORS

9. Resistance valuss

Unless otherwise agreed between user and munufacturer, the values
of resistance, measured when cold and corrected if necessary to the re-
ference temperature of 20° , shall act vary from the rated valie by
mare than the -amounts shaown In the following Tahles [ and f1.

TAQBLE

Iolerances on The résistance of bowes, frames,
blecks or sections of resistors and complete resistors

TABLE

Polarances on resistor elements

Nature of resjstor elament Talerardcas
Cagt grids t 10% |
Ribbons, wires, ete, + 5%

. Resisfor typé ' Tolerancies

Starting resistor + 1%
Braking resistor
Peirmanent shunting resistor - %

Shunting resistor for figld weakening of direct
or pulsating current motors

al weak field between I00% amnd 504 of ful? fisld + RB(1)
b) waak Field tess than 50% 6f #u1l fiald PEETTON
Shurting resister for interpoles of single~phase

comngtator motors * 3%
Circuit interrupting resistor + 10%

€1) Im the case of adjustatle resistor this tolerance
can he raised 1o *

~ 5%

6. Permissible lemperatures and temperaturs rises

The permissible maximum temperature (tm) of resistors ana the per—
missible températyre-rise limits will be determined by agresment batwean
user and ‘manufacturer, in relation to the nature of the materials used,
to- the general design of the apparatus, and to the temperatures whick
partiticns and adjacent accessories (cables, ¢ablé sockets, ete,) are
able to withstand,

At the request of the user, the mampfacturer should submit 4iagrams
showing: Teading e¢ycles for each resistance section, based on the most
severe condilions of seryicé (taking intd consideration exceptienal
cages such as motor damaye, slipping, signal at ganger, decrease of re-
sistor cooling etc,) fixed by the user. .

7. Short-girpuif withstond

The resistors shall be able to withstand without deterioration or
permanent distortioen, short-circuit currents, the value and duration
of which wWill be detcrminced by agreement between user and manufacturer,
having regard to the characteristics of the circuits im which they
will be inserted in the véhicle.




&. vibration and shock withstand

The resistor boxes or framés mounted complete shall be designed
to be able to withstand In service without deterioratiion

- in #ach of the three directions : vertical, longitudinal and traps-
verse, sustained sinusofdal vitirations in the frequency Faage
1 Hz to 50 Hz the amplitude a of which, expressed in mi)limetres, is
. given in relation to frequency f by the formulae :

a 25 far f between 1 HZ apd 10 Hz

A% e for f between 10 Hz asd 50 Hz

= in the direetion Corresponding to the lTongitudinal movement of the
vehicle, shocks producing maximum acceleration of 3 g {p being the
value of acceleration due to gravity).

I'n addition, the elements and accessories of the resistars shall
net ‘exhibit harmful resonance for thé frequencies in the above range.

8. Protection against corrosion

. A}] precautions shall be taken teo give adequate protection against
carrasion for all the components of the resistor, especially contact
surfaces,

16. Parfarmance in rain and snow

If the resistors are to be installed on a vehicle in such & way
that they are axpased te rain and snow, they shall be able to withstand
the effects of these elements withouf mechanical or electrical
damage.

CHAFTER 111

FESTS

11. List of tasts

Tabte L}l below, which also specifies the clausée or sub-clausé pumber to

The type and routine tests to be made on rezistors are indicated in I
which reference should be made:

TABLE i1}

List of tests

Clause or sub=clause

Nature of test
Type test | Routine test

Check on characteristic of resistor

elements material 12
Chéck bn rateéd. resistance 13.2 and 13.3 132
Temperature~rise tests 14

Tests for withstanding vibration and shock 15

Dialectric tests 16

Hygroscopic test 1) 17 .
Shert-eircuit test (1) 1B

Test for performance in rain {2) 15

t1i Optional type test:

(2F This test must be applied only if the résistdrs on the wehicle
are exposed to rain and sfiow.
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V2. Check on characleristics of resistor olamEnts material (type test)

The resistivity and the average value of the temperature coeffi-
cient over the range between the ambfent and max jswm temperatures (tm)
will be determined from test pieces taken from the alloy ferming the
reslstor elemunts material,

vehicles, &specially in regard t¢ thé cross=-section of the conmecting
leads, the resistor position, étc. The cooling conditions shall be mu-
tually agreed between user and manufacturer so as to reproduce the
normal service condltions as closely as possible,

The teé a =rise of the resistor elements and, If necessar
13. Check on rated resistance (type and routine lesls) mperatyre-r er s .

of the connection terminals is recorded by electrical thermometers
placed at the polnts assumed to be the hottest. For the measyrement of
the tempereture=rises of the resistor elements, paints or colours,

13.1 Checks on the rated value of resistance for resistor boxes;
sensitive to heat, may also be used.

frames; blocks, resistor sections or complete resistors are carried out
by using a voltmeter and ammeter, or a Kelvin double bridge, the current
through the resistors belng sufficient to eliminate the srrors due to
contact resistances,

. 14.2 Test of resistor boxas or fromes
Readings are taken at the ambient temperature of the warkshap.,

I each case there shall be applied to the resistor box or frame

If necessary, the values measured are to be corrected to the refe- of resistors

tence temperature of 20° C. The tolerances allowed in relation to the

fated values are shown in {lause 5, - either the: continuous current |, {see Sub-clause 3.8), the test being

continued until Steady values of temperature are reached ;
13.2 Resistance measurements are repeated at the end of the tempera-~ - or the specified duty cycle {see Clause 6).
ture-rise test destribed in Sub-clause 14.2. The resistance increase

neted should approximate to the value ealculated on the basis of the fem—

T . . : . . i .t -
perature coefficient determined during the tests described in Clause 12, In the latter case, the cycle is repeated several times, the num

ber of successivecycles and the rno-lpad interval between two consefutive
cycles being fixed by agreement between user and wanufacturer.

13.3 After the Yemperature-rise test, the resistance is measured again
at the ambient temperature of the workshop. The reading obtaiped, correc—
ted if necessary to the reference temperature of 20" C, shall not excéed
by more than 3% the value measured before the temperature-rise test, and
shall, in any case, remain within the Timits of tolerance given in Tablelt,
page 9.

During the test, the temperature vises observed mist not exceed .
the specified limits,

In the case of resistors, such as limiting of transition resistors,
which are only in use for very short periads, the test using the daty
cycle may be replaced by the experimental determination of the thermal
capacity using methods to be agreed between user and manufactiurer:

14. Tempgrature-rise tests (type Lest)

On completion of the temperature~rise test, the resistors must be
in perfect working order, In particular, they nust be capable. of with-
stariding the dielectric tests prescribed in Clause 16.

. I Genaral

. The temperature-rise tests are made on a finished and mouhted Fa-
sistor installed in conditions as jdentical as possible to thase ‘on. the




4.3 Pest on resistor blocks and complete resistors

Temperature~-rise tests on resistor blocks and on complete resistors
are usually tarried out when the vehicle is completed, See |EC Fublic-
ation 165: Rules for the Testing of Electric Rolling Stock on Complefion
of Construction -and before fnfry inta Service,

If- the resistor blocks or complete resistors are supplied sépara-
tely, user and manwfacturer should agree an the méthod of execution of
the tests, :

15. Tests for withstanding vibration and shock (optienal type test)

The resistor box or frame is fixed, in a suitable position, on to
a machine producing :sinusoidal wibrations of adjustable amglitude and
frequency, then subjected to the tests of Sub-clauses 15.1 and 15.2.

The box or frame is then fixed on a suitable device and subjected
to the test of Sub-clause 15.3.

After thete tests, the resistor box ar frame must be able to with-
stand successfully the electrical tests, and particularly the dielectric
strangth tests deScribed in Clause 16,

5.1 Investigation of resomnt fraguencies

Hith a view to investipgating the possible presence of critical fre=-
quencies cavsing resonances in the parts of the boX or frame, the fre-
quency must be gradually varied from 1 Hz to 50 Hz in a time at least

equal to 4 min, the amplitude of the osclllations being that shows in
CTause 8,

The test is carried out suctessively in each 6f the three direc-
tions shawn in Clause 8,

15.2 Sustained vibration tests

In each of the thiee diFections given in Clause 8, the resistar box

BU9
0

or frame is,when cold, subjected, for a time not less than 15 min to be
agreed between user and manufacturer, to a sustained vibration test :

- @ither ‘at the critical frequency if such a frequency, well defined,
has been detected during the tést described in Sub-clause 15.1 ;

- or, otherwise, at 10 Hz,

o both cases, the amplitude of the vibrating table Is adjusted to
the value corresponding to the freguency considered (see €lause 8. .

10.3 Test simulaling buffing shocks

I'n the directinn. corresponding to the longitudinal movement of the
veliicle on which it will be mounted; the réesistor box or frame: is sub-
jected to a series of three successive impacis each corresponding to a
maximum acceleration of 3 p.

16. Diélectiic tests (rouline test)

18,1 These tests are carried out at the normal temperature of tie
tést site on fach resistor box, frame or blotk.

The test voltage at the neminal frequency of 50 Hz or 60 Hz shall
be ds néarly as possible sinusoidatl,

The r.m.s. values of this voltage, the time of application of which
is fixed aniformly at 1 min tn &l1 ¢asés, &re given below :

- resistors with single insulation 2.5 I + 2 QDO ¥

~ resistors with double insulation :

a) primary insulation 3 .000 ¥

2.5 ¢+ 2 000 ¥

b} seccndary insulation

- resistars with triple insulatian

a) primary- insulation 3 000 v
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b} secondary insuldtion 2y o+ 1000V

c) tertiary insulation 2.5 0 %2 000y

KCTE, - In the -above, # is the rated voltage of the ¢ivtecuwit in which
the resistor box, frame or block is inserted.

16.Z The test voltage to be applied Yo the transition resistors of
high-voltage tap-changers: on single=phase powered vehicies will form the
subject of an agreement between usér and manufacturar.

17. Hyproscopic: test (aptisnal type test)

The resistor box ar frame is placed,for 24 hinahumid enclosure at a
temperature of 20 C to 25° C and showing & relative humidity of at least
95%.

As soon d@s possitle, @nd in any casé 1ess than 5 win after removal
from the humid enclosure and after wiping off extraneous surface maisture
with a clean cloth, a dielectric test s carried out, using test voltiages
of valees 1 000 Vv Jess than the values shown in Clause 186,

No. flashover shall eccur,

18. Short=cif¢uit test (optional type test)

With the elements at a temperature of about 20° C, the resistor hox
of frame is subjected te & current, the value and duration of which are

specified in-Clavse 7, This current shall be established in less than
0,05 s.

This test is carried out thres times at intervals of 3 s.

No permanent distortion or -burning shall ofcur.

649
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19, Test for performence in igin (iyps tfest)

If applicable (ses Clause 10), the resistor box or frame on test is
brought to temperature t, by the application of an appropriate current,
and is then sprayed with cold water .at a tamperature of 10° C to 20" C.

Unless otherwise agreed, the spray shall be made in & directlion
which in the verticsl plane forms an angle of 45" with the direction of
motign and with &n output ‘of 3 mm/min for 5 min.

The test should be carried out thres times without producing any P11
effects. The Insulators aspecinlly shall not be cragked.

At the end of the third test, & dielectric test shall be carried out,
using test voltages of values 1 000 V lass than the values shown jn
Clause 16;

No flashover shall occur,

20. Condition of resistor alter tests
After the tests specified in the preceding tclauses, a check shall
be made that
- na screw or nut is loose ;
= the elastic inserts have correctly fulfilled their purpose ; -
- there 1s no distortion of corrosion or scaling of any components ;
- the resjistor elements are not cracked or broken ;

= the: insulators have suffered no damage,
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CHAPTER 1¥

RATING PLATE

Rating plale

Fach resistor box or frame shall be provided with a plate displaying,

in principle, the following information

manufactutrer"s name ;
indication of type and seéries ;

value at 20° C of the rated total resistance and, if required, of the
partial resistance betweea comnection terminals

year of manufacture.
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APPLICATION
With effect from 1st November, 1971,

All Railways in the Union.

RECOURD REFERENLCES

Heading under which the question has been deaglt with :

- Study of questions of comwén ‘interest relating to electrical
equipmént on powered stock, and participation in the work of the |nter=
national Joint Committee for Eléctric Traction Equipment (CMT), insofar
as this concefns the UIC,

tSub-Committee for Ltectriec Traction : Paris, January, 1971),




