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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS -
ELECTRIC EQUIPMENT FOR ROLLING STOCK -

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization com

rising

alll national electrotechnical committees (IEC National Committees). The object of~MEC is to prpmote

infernational co-operation on all questions concerning standardization in the electrical andl€lectronic fiel
this end and in addition to other activities, IEC publishes International Standards, Technical Specific

fis. To
tions,

Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as| “IEC
Pyblication(s)”). Their preparation is entrusted to technical committees; any IECNational Committee intefested
in|the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates dlosely
with the International Organization for Standardization (ISO) in accordance with conditions determined by

The formal decisions or agreements of IEC on technical matters express; as nearly as possible, an international

bm all

tional
bf IEC

Pyblications is accurate, IEC cannot be held responsible for the way in which they are used or fgr any

In|order to promote international uniformity, IEC{National Committees undertake to apply IEC Publidations
trgnsparently to the maximum extent possible, in” their national and regional publications. Any diverngence
beftween any IEC Publication and the correspending national or regional publication shall be clearly indicgted in

IEL itself does not provide any attestation of conformity. Independent certification bodies provide confrmity

asgessment services and, in some, areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

All users should ensure that theyjhave the latest edition of this publication.

Nq liability shall attach to dEC or its directors, employees, servants or agents including individual exper
me¢mbers of its technical’cemmittees and IEC National Committees for any personal injury, property dam

r any

s and
hge or

other damage of any ‘nature whatsoever, whether direct or indirect, or for costs (including legal feeg) and
expenses arising out jof the publication, use of, or reliance upon, this IEC Publication or any othgr IEC

Pdblications.

Attention is dfawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the correct application of this publication.

Atjention js drawn to the possibility that some of the elements of this IEC Publication may be the sub
pallent rights. IEC shall not be held responsible for identifying any or all such patent rights.

ons is

ect of

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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rical equipment and systems for railways.

second edition cancels and replaces the first edition of IEC 60077-1,

constitutes a technical revision.

IEC 60077-1 has been prepared by IEC technical committee 9:

issued in 1999. It

This edition includes the following main technical changes with regard to the previous edition:

a) Descriptions regarding insulation coordination, environmental conditions and those of
current return and protectlve bondlng are deleted and replaced by references to

Full i
votin

This

A ligt of all parts in the IEC 60077 series, published under the general title Ra

appli

The
the s

relat¢d to the specific publication:"At this date, the publication will be

e rgconfirmed,

o W

e r¢placed by a revised edition, or

e a

ext of this standard is based on the following documents:
FDIS Report on voting
9/2266/FDIS 9/2278/RVD

nformation on the voting for the approval of this standard can be found in the repg
j indicated in the above table.

publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

cations — Electric equipment for rolling stock, can be found on the IEC website.

committee has decided that the contents of this publication will remain unchanged
tability date indicated on the”IEC website under "http://webstore.iec.ch" in the

ithdrawn,

mended.

rt on

ilway

until
data

IMPC

PRTANT — The “colour inside” logo on the cover page of this publication indig

that

ates

t contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.
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INTRODUCTION

Although this document specifies the general service conditions and general rules for electric
equipment for railway rolling stock, further—speeial details—of for certain types of—traction

electrlc equment may be given in other IEC standards —Ln—paﬁtheuﬂlar—pmde@t—s%anaa;ds—ga%

IEC 60077 series consists of the following parts:

P
P
o P
P
e P

Althg
line—|
docu
reley|

For

stang
equif
addit

art 1 — General service conditions and general rules
art 2 — Electrotechnical components — General rules
art 3 — Electrotechnical components — Rules for DC circuit-breakers
art 4 — Electrotechnical components — Rules for AC circuit-breakers

art 5 — Electrotechnical components — Rules for HV fuses

ugh all circuits of power or control electronic equipment connécted to battery or co

voltages, andall-circuits comprising switchgear or controlgear are covered by

ment, internal circuits of these may be subject to speeial requirements covere
Ant product standards.

blectric equipment for rolling stock which conforms to an appropriate internaf

ment product standard for electric equipment ‘where appropriate, specifies only
onal requirements to ensure satisfactory operation on rolling stock.

ntact
this
d by

ional

ard, including items of industrial equipment,his document, plus the relevant4arway

hose
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RAILWAY APPLICATIONS -
ELECTRIC EQUIPMENT FOR ROLLING STOCK -

Part 1: General service conditions and general rules

1 Scope-and-object

2017

This
elect
etc.,

NOTE|
electri
buses

The
of a
unifo
avoid

All re

e th
o th
o th

have

ric equipment installed in power circuits, auxiliary circuits, control and indicating ci
on railway rolling stock.

cal equipment installed on-ether vehicles other than railway rolling stock, such as mineAocomotives,
etc.

part of IEC 60077 specifies the general service conditions and requirements \for all

cuits

Some of these rules-may can, after agreement between the user and the manufacturer, be usgd for

trolley

purpose of this document is to harmonize as far as practicable allrules and requirements
peneral nature applicable to electric equipment for rolling stoekJThis is in order to optain

the need for testing to different standards.

quirements relating to:

e environmental stresses expected during the fiormal service conditions;
e construction;

e performance and the associated tests-Which can be considered as general;

and application, for example temperature’rise, dielectric properties, etc.

In th
rollin

g stock relevant produgel” standard, then the product standard requirements

precg¢dence.

2 Normative references

The

contd
cited
any 4

following dosuments are referred to in the text in such a way that some or all of
nt constitutes requirements of this document. For dated references, only the e

Fmity of requirements and tests throughout the corresponding range of equipment to

therefore been gathered in this document together with specific subjects of wide interest

e event of there being a difference in requirements between this document and a rajlway

take

their
dition

applies* For undated references, the latest edition of the referenced document (inclliding
mendments) applies.

IEC 60068-2-1:4990, Environmental testing — Part 2-1: Tests — Tests A: Cold
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IEC 60068-2-2:14974, Environmental testing — Part 2-2: Tests — Tests B: Dry heat

IEC 60068-2-30, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic

(12 h

+ 12 h cycle)

IEC 60068-2-52:1998, Environmental testing — Part 2-52: Tests — Test Kb: Salt mist, cyclic
(sodium chloride solution)

IEC &0068-2-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat;~s1

eady
State
IEC p0085:4884, Electrical insulation — Thermal evaluation and—elassification—of—elegtrical
insulption designation
IEC 60112:1979, Method for determining the comparative and-the proof-tracking indicgs of
T i ) ! ) i
IEC $0216-1, Electrical insulating materials — Thermal gendurance properties — Part 1. Ageing
procg¢dures and evaluation of test results
= posedlid 000 Eloairienl lontallotione of Dodlelinen  Docl o Deodootion o ooiple
IEC $0505, Evaluation and qualification of‘electrical insulation systems
IEC $0529:4989, Degrees of protection provided by enclosures (IP Code)
IEC/TR 60536:1976, Classification of electrical -and electronic —equipment with-regafd-to
; ; ! -
trical
i
bn of
hicle

installations

IEC 60850:4988, Railway applications — Supply voltages of traction systems

IEC 61133:4992 2016,—Electric—traction Railway applications — Rolling stock — Testing
methods—for-electric—and—thermallelectric of rolling stock on completion of construction and
before entry into service

IEC 61373:4999, Railway applications — Rolling stock equipment — Shock and vibration tests

IEC 61991, Railway applications — Rolling stock — Protective provisions against electrical
hazards



https://iecnorm.com/api/?name=7358bc5ce0bb5ad464a2378dc8c3a905

-10 - IEC 60077-1:2017 RLV © IEC 2017

IEC 61992-1, Railway applications — Fixed installations — DC switchgear — Part 1: General

IEC 62236-3-2, Railway applications — Electromagnetic compatibility — Part 3-2: Rolling stock
— Apparatus

IEC 62497-1, Railway applications — Insulation coordination — Part 1: Basic requirements —
Clearances and creepage distances for all electrical and electronic equipment

IEC 62498-1:2010, Railway applications — Environmental conditions for equipment — Part 1:
Equipment on board rolling stock

3

For t

[erms, definitions and abbreviated terms (see also Annex A)

he purposes of this document, the following terms and definitions apply.

ISO Ind I[EC maintain terminological databases for use in standardization® at the folld

addr

i

[«

L N

3.1
3.1.1

SSes:

EC Electropedia: available at http://www.electropedia.org/

bO Online browsing platform: available at http://www.iso.org/éobp

General

rolling stock
geﬂe'LaJ—te#m—eeve#mg all the vehicles with or without motors

Note

[SOU

3.1.2
vehig

to entry: Examples of vehicles include a locommotive, a coach and a wagon.
RCE: IEC 60050-811:2017, 811-02:01]
tle

wing

genefal-term-denotingany single’ item of rolling stock,—e-g—a-locometive,acoach-ora-wagon

1=va

3.2
3.21

811-02-02]

Circuits

power circuit

circu
tracti

t carrying the current of the machines and equipment, such as the converters
orymotors, which transmit the traction output

[SOURCE: IEC 60050-811:2017, 811-25-03]

3.2.2
main

circuit

and

all the conductive parts of a device carrying the current for the function to which this device
has been applied

3.2.3
auxil

iary circuit, <of a train>

circuit carrying the current of the auxiliaries such as the compressors and fans

[SOURCE: IEC 60050-811:2017, 811-25-05]
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3.2.4
control circuit, <of a train>
circuit used to actuate the power or auxiliary equipment

[SOURCE: IEC 60050-811:2017, 811-25-12]

3.2.5

indicating circuit

circuit transmitting a signal indicating or recording whether a particular operating condition
exists or not (for example a signal indicating a failure in the electrical equipment)

[SOURCE: IEC 60050-811:2017, 811-25-14]

3.3 | Battery supplied equipment

3.31
battgry
electfochemical system capable of storing in chemical form the electri¢\energy received and
which can give it back by reconversion

[EV B11-20-01]

3.3.2
battgry on float <charge>
secopdary battery whose terminals are permanentlyXconnected to a source of constant
voltape sufficient to maintain the battery approximatély~fully charged, and which is intended to
suppl|y power to an electric circuit, if the normal supply is temporarily interrupted

Note 1 to entry: The battery is absorbing a float charge\Current in this mode.

[SOYRCE: IEC 60050-482:2004, 482-05-35, modified — Note 1 to entry has been added.]

3.3.3
float|charge battery system
equigment mostly operated wittithe battery on float charge

3.3.4
battgry off charge system
equipment mostly sapplied while the battery is not being charged

3.4 | Test categories

3.41
type|test

tast df\ohe or more devices made to
teSt+—ohne o Motre CeViceS Mage to

fioati

conformity test made on one or more items representative of the production

o
0
V)
P
il
i
5
oy
D
(P
W
D
L
)
KN
D
2
3
N
ny
D
b
L
D
D
oy
D
(P
W
b
3
D
D
P
Kn
0
P
il
P
b

[SOURCE: IEC 60050-811:2017, 811-10-04]

3.4.2
routine test

conformity test made on each individual item during or after manufacture

[SOURCE: IEC 60050-811:2017, 811-10-05]
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3.4.3
sampling test
test on-a number of devices taken-at random from-a batch a sample

[SOURCE: IEC 60050-811:2017, 811-10-06]

3.4.4
investigation test
special test of an optional character carried out in order to obtain additional information

[SOURCE: IEC 60050-811:2017, 811-10-07]

3.4.5
expased conductive part
condypctive part which can readily be touched and which is not normally alive, but which| may
become alive under fault conditions

[SOYRCE: IEC 60050-441:1984, 441-11-10, modified — Note has been deleted.]

3.5 | Characteristic quantities

3.5.1
limit{ng value
greafest or smallest admissible value of a quantity in a,specification of a component, dqgvice,
equipment, or system

[EV 151-04-02]

[SOYRCE: IEC 60050-151:2001, 151-16-10,“modified — The order of phrases has peen
chanped.]

nominal value

suitable annroximate auantitv swalite uced to desianate or identifvy a charactaristic lof o
StHapte—approxdiate gttty Aaude—uUsSe a0 Gesighate—o cethy—a—Gcnaactedstico+—=a
Gemfeﬂeni,—de-v-l-ee—m’—eq-u-l-pliﬂen—t

valug of a quantity used to desdignate and identify a component, device, equipment, or sygtem

Note 1 to entry: The nomjifiahvalue is generally a rounded value.

Note 2 to entry: In this document, the term "nominal" is used only as common practice to designate contaft line
and battery voltage.Gircuits.

[SOURCE: IEC/60050-811:2017, 811-11-01, modified — Note 2 to entry has been added.]

3.5.
ratedvalue

value of a quantity used for specification purposes, established for a specified set of operating
conditions of a component, device, equipment, or system

[SOURCE: IEC 60050-811:2017, 811-11-02]
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3.5.4

equivalent continuous duty
duty of electrical equipment on rolling stock, which corresponds to the actual service,

gene allv characterized by values of current—voltage —compressed—air-pressure—etc—which
4 Y T T g g T p

vary with time

Note 1 to entry: The various parts of the equipment are defined by a complete statement of the.6onditions| to be
fulfilled. However, it is sometimes sufficient to specify an equivalent duty which corresponds fromithe point df view
of eithler electrical, mechanical or thermal stresses to the service considered, and is known as\being equivalent to
the adtual service. It is the equivalent continuous duty to which the relevant tests are referred.

3.5.5
equiyalent continuous rated current
currgnt corresponding to the equivalent continuous duty

3.6.7
. .
l i | . Ig . |

3.6 Terms related to lifetime

3.6.1
ageing
chanpe with passage of time of physical, chemical or electrical properties of a compongnt or
modyle under specified operating conditions, which may result in degradation of significant
perfdrmance characteristics

Note | to entry: This entry was numbered 393-18-41 in IEC 60050-393:2003.

[SOURCE: IEC 60050-395:2014, 395-07-100]

3.6.2
endyrance
ability to withstand,the action of ageing factors

Note 1 to entry:( The endurance may be characterized by the results of accelerated ageing tests.

[SOURCEDIEC 60050-212:2010, 212-12-08]

3.6.3
thermal endurance
ability to withstand the action of temperature

[SOURCE: IEC 60050-212:2010, 212-12-09]

3.6.4

durability

ability to perform as required, under given conditions of use and maintenance, until the end of
useful life

Note 1 to entry: For the purpose of this document, "durability” is used in order to express the expectancy of the
life duration (time or number of operating cycles) which can be performed by the equipment before repair or
replacement of parts.
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[SOURCE: IEC 60050-192:2015, 192-01-21, modified — Note 1 to entry has been added.]
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3.7 | Abbreviated terms ‘\\Q

AC Alternating Current

DC Direct Curre ‘

EMC|  Electromadngtic Compatibility
RMS| Root ‘Square value

PD Poll n degree
ov rvoltage category

VC [\Woltage Class

4 Classification

This clause is intended to list the characteristics of equipment on which information may be

given by the manufacturer and which-may-net-necessariby-have-to shall be verified by testing

where relevant.

Equipment covered by this document is classified, according to the supply source of its
control and auxiliary circuits. Details are given in 5.3.3.2.
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5 Characteristics of the utilization category

5.1 General

The utilization category of equipment defines the intended application and shall be specified
in the relevant product standard; it is characterized by one or more of the following
parameters:

e current(s);

e voltage(s);

o freqUenTyties);

e a|r pressure(s).

See also Annex A.

NOTE| This list is not exhaustive and can include other parameters as applicable.
5.2 | Rated voltages
5.21 General

The fterm rated voltage can generally be related to both ¢he”input and output valugs of
equipment. The quantity is assigned generally by the manufacturer.

5.2.2 Rated operational voltage (Y, U,)
The fated operational voltage of equipment is a value of voltage which combined with a rated

operational current and rated operational frequency, determines the application of the
equipment and to which the relevant tests anddhe utilization categories are referred.

NOTE[ Symbol U, was used in the first edition of5sIEC 60077-1. U, is used in IEC 61992-1.
5.2.3( Rated insulation voltage (&;Uyny,)

Defirfition of a rated insulation.voltage is given in IEC 62497-1.

The frated insulation voltage is the value of voltage to which—dielectrictests rated impulse
voltape and creepage distances are referred.

In nd-case-shall the maximum - value of the workina voltage or the rated opnerational voltaae
H—Rg-GasSe-—Shaneabxmum—Vaide—-orthe—-wWorkhgvortage—-or—he-atea—-operatona—voHage
e*ee—ad—th—a—t—ef—t—h—e—Fa—te-d—m—SH—La—H-@ﬂ—V@“—ag-e—.

The tatad=insulation voltaae is at least eaual to the hiadhest r m ¢ value of the voltaage existing
—reategHstHation—vvorageisatteastequaitotneHgrest H-M-s—vardeotthevYoiage-existhig
bhetwbha alectrodes - and -across-the creepaae -distance for an-extended pneriod of time-e - &—for
PEetWPE eR-erectroaesSanaacrosSthecreepage—aistancet+toran—-exteRaecperHoa-otrtmee-¢g-—of
a ecnntart ina araqgtarthan B mm Nan ranatitivia tranciant ynltanac ara nanlactad

-COoMa6t He-greatetr—thah—=-h— NO epeththre=ahstehtYortagesare-hRegrectea

When the voltage is not purely of sinusoidal or of continuous form, the RMS or mean value
alone cannot be considered to prescribe the rated insulation voltage of the components.

In the absence of any knowledge of the influence on dielectric strength of:

e the ratio between the duration of periodic impulses and their-eccurrence repetition period;
e the number of impulses during each-eceurrence burst;

e the voltage rate of rise of the impulse (dv/dz),

it is recommended that this voltage be considered as being equal to the real RMS value, but
not less than 70 % of the peak value.
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5.2.4 Rated Power-frequency-withstand test voltage (Usy U,)

2017

The—rated power-frequency—withstand test voltage is the RMS value of power-frequency
sinusoidal voltage which does not cause an insulation failure under specified conditions of

test.
U, is

5.2.5

given in IEC 62497-1.

Rated impulse-withstand voltage (Y, Uy;)

Defirjition of a rated impulse voltage is given in IEC 62497-1.

The
test

5.3
5.3.1

The

IEC

5.3.2 Supply-from Equipment supplied by a transformer

The
is eq
supp
abov
equa
the s

ated impulse voltage is used for determining minimum required clearances and dield
oltages.

Rated voltages for electric equipment

Supply-from Equipment supplied by a contact line

rated operational voltage—U,(U,) for equipment supplied from the contact line i
highest permanent—value voltage (UL, 4) of the contact line voltage as define
0850.

ated operational voltage-U (U,) for equipment supplied from a winding of a transfg
ual to the RMS voltage at\the terminals of the winding when the transformer prim4
ied at the rated operational voltage. If a second transformer is interposed betwee
e-mentioned transformer and the equipment, the rated operational voltage—&,, (1
| to the above-mentioned rated operational voltage multiplied by the transformer ra
econd transformer

bctric

5 the
d by

rmer
ry is
n the
V,) is
io of
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5.3.3 Equipment supplied by DC low voltage sources
5.3.3.1 Nominal voltages
This [subclause applies to the equipment supplied from the voltage bands | and\*/%nd 0

accofding to IEC 61991.

A<

The pominal voltage (U,) is only used to designate the circuits and the equi @'\t and should
be s¢lected from the following preferred values: '\Pl/
4
24V, 72 Vor 110 V /\/\

P

Othef voltages may be used upon agreement between the user@@the manufacturer.

NOTE| These nominal voltage values are given only as standardizing v lks for the design of the equipment| They
sheulqd are not-be considered as the off-load battery voltage which will"be determined as functions of the type of
battery, the number of cells and the operating conditions. Q

N\

Equipment covered by this document is classiff&\?as follows, according to the supply source

of its|control and auxiliary circuits: Z
&

e type VC1: equipment supplied by a fe&\ charge battery system;

5.3.3.2 Voltage ranges

e type VC2: equipment supplied b a\})attery off charge system;

sT\‘ed directly by an onboard battery, but supplied by ¢€.g. a
nic converter.

e type VC3: equipment not s
generator, alternator or el

O

Tablg¢ 1 shows the voltage ranges and rated operational voltage (U,) for control circuif and
auxillary circuit for eﬁquipment type. The values for Type VC3 are valid for a stab|lized
voltapge source. C)

T@ — Voltage ranges for control circuits and auxiliary circuits

Clas()?%ra\?ion Minimum equipment Rated operational Maximum equipme¢nt
2 voltage voltage (U,) voltage
\F{pe vC1 0,7 U. 1,15 U, 1,25 U
Type VC2 0,7 U, 1,10, 1,25 U,
Type VC3 0,85 U, 1,0 U, 1,10,
NOTE 1 Basically the battery for Type VC1 equipment is used in charging mode. The voltage can be lower than

the float voltage for short periods of time, e.g. before starting the charging equipment, during the battery voltage
buildup or during the contact line interruption.

NOTE 2 Basically the battery for Type VC2 equipment is used in discharging mode. The battery voltage will

reduce over time.

NOTE 3 The voltage of Type VC3 equipment is not the voltage supplying the generator, alternator or electronic

converter itself.

NOTE 4 Voltage range of Type VC1 and Type VC2 is same, but the evolution of the voltage during operation is
different regarding the lifetime of the equipment.
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| NOTE 5 The rated operational voltage is used for calculation of losses, power consumption, temperature rise, etc.

5.4
‘ 5.4.1

Rated currents for equipment

Rated operational current (/. 1)

The rated operational current of equipment is stated by the manufacturer and takes into
account the rated operational voltage and rated operational frequency.

5.4.2

Rated short-time withstand current (1.,,)

The rated short-time withstand current of equipment is the value of short-time withstand

curre
dam4

The
switd
time

5.5

The
acco

5.6

The

ge—d oo enndion s con oo e s ol cocne oo ool

rated duration (z;,,) of equipment used is the value of the interval of timie for
hgear and controlgear can carry, in the closed position, a current equalsoJts rated
withstand current.

Rated operational frequency (f,)

rated operational frequency of equipment is stated by the-manufacturer and takes
int the rated operational voltage.

Rated air pressure

rated pressure of the air supply to pneumati© ‘er electro-pneumatic equipment i

greafest limiting value of the range of the regulating device and to which the relevant test

refer

6 R

6.1

The
equif

a) ig

ed.

Product information

Nature of information

nt assigned to the equipment by the manufacturer that the equipment can carry without

vhich
hort-

into

5 the
5 are

following information shall"be given by the manufacturer for each item of the elg¢ctric

ment when required by the relevant product standard:

entification
manufacturer'ssmame or trade mark;
type designation or serial number;
modifieation status;

reference of the relevant product standard, if the manufacturer declares compl
With' it.

b) c

ance

hovrantaricti~ne

T

TaTractCTToStCS

he following list is not exhaustive and should be applied as appropriate:
rated operational voltage(s);
rated insulation voltage;
rated impulse-withstand voltage;
rated operational current(s) at the rated operational voltage(s);
rated operational frequency(ies);
maximum current consumption or maximum power consumption;

number of operations for mechanical and electrical durability with reference to the

relevant product standard,;
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rated performance in overload and/or fault conditions with reference to the relevant

product standard;

IP code in the case of enclosed equipment (according to IEC 60529);

degree of pollution acceptable for the equipment (according to 7.9);

rated voltage(s), rated frequency(ies) and rated current(s) of the control circuit(s);
rated air pressure and pressure variation limits (for equipment with pneumatic cont

overall dimensions;

rol);

minimum size of the enclosure and, if applicable, data concerning ventilation, to which

the rated characteristics apply;

Som

6.2

All re
spec

The following markings on the equipment are mandatory:

- m
— ty

- S

Thes|
be o
legib

6.3

The

storage, installation{_operation and maintenance of the equipment during operation and a

fault.

If ne
equif
corre

e of this information may be supplemented by the value of the ambient air temperatd
which the equipment was calibrated.

minimum distance between the equipment and its enclosure;

minimum distance between the equipment and the metal parts connected to<the veg
structure for equipment which are intended for use without an enclosure;

weight.

Marking

levant information, as detailed in 6.1, which is to be marked on the equipment, sh3
fied in the relevant product standard.

anufacturer's name or trade mark,

pe designation,

brial number or date or code of manufacture.
e are preferably marked on the nameplate, if any, in order to permit the complete d3

btained from the manufacturer'(traceability). The markings shall be indelible and g
e.

Instructions for storage, installation, operation and maintenance

manufacturer shally'specify in his documents or catalogues the instructions, if any

cessary,-the instructions for the storage, transport, installation and operation o
ment ;shall indicate the measures that are of particular importance for the proper
ctinstallation, commissioning and operation of the equipment.

hicle

re at

Il be

ta to
asily

, for
ter a

f the
and

These documents shall indicate the recommended extent and frequency of maintenance, if

any.

NoTE AH Equipment covered by this document—is may not necessarily be designed to be
maintained.
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7 Normal service conditions

7.1 General

Clause 7 defines service conditions. Some of service conditions are stated in |[EC 62498-
1:2010 and some others are taken from other stated references. In the event of other
environmental conditions applying these should be selected from IEC 62498-1:2010 and, if
condJ)tions in [IEC 62498-1:2010 are insufficient, those should be selected from IEC 607A2{1-3-5
if appropriate.

The following list is not exhaustive and IEC 62498-1:2010 and IEC 60721-3+§ ‘give further
parameters.

The [normal service conditions are a combination of environmental, operational| and
installation conditions.

7.2 | Altitude

The pquipment is normally to function in the specifieg" altitude range. Class A1 of altjitude
rang¢ as given in IEC 62498-1:2010 shall apply, unleSs otherwise specified.

NOTE| For installation at higher altitudes, it is necessary to take into account the reductipn of
the dielectric strength and of the cooling effect of the air. The equipment so used shou|d be
designed or used according to an agreement between the user and the manufacturer.

NOTE| Regarding the reduction of the cooling“effect of the air with altitude, the higher temperature rise at pigher
altitude is usually compensated by the redueed maximum ambient temperature at higher altitude. Guidance ¢an be
found] for example, in 5.1 of IEC TR 6094.3:1998/ AMD1:2008.

7.3 | Temperature

The blimatic ambient tembheratures are derived from IEC 60721-3-5 clacss EK?2 which as o
—e—pHHiatdcamotie Bl peatesareGervea—HomM 1 Eo o9 Lo = CaSS oA WHGCHAAS 3
range from—25°C to- 440 °C

AN hata ambienttemperatures lie outside—this ranae then thev -shall he sareed betweeh-the
w-Reteamdie RS peratures—tHe—outstiaethHsTahRges—Rehthey——Shar—oeagreeaoetweenfhe

r temper
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The ambient air shall be considered as being that surrounding the device, and will differ
according to the location where the device is fitted.

For-externallocationsthe-ambientairtemperatureT -is-thereferencetemperature T -

The class of ambient temperature, at which the electric equipment will operate, shall be given
according to Table 2, unless otherwise specified. Class T1 shall apply, unless otherwise specified.

For internal locations, the ambient air temperature (7,) is the—reference external ambient
temperature increased by the air temperature rise due to the localized thermal losses after

taking-into-consideration-the-normal-conditions—of cooling
g

Table 2 — Classes of air temperatures

Classes Air temperature Inside vehicle Inside cubigle
ypical application area external to compartmen emperatuile
(Typical licati ) t It t t t t
vehicle temperature
°C °C °C
T _25 +40 _25 +6D _25 +70
(e.g. middle Europe)
2 40 +35 £4g +45 40 +65
(e.g. northern Europe)
T3 25 +45 -25 +55 -25 +70
(e.g. southern Europe)
4 ~10 +40 ~10 +50 ~10 +70
(mild climate area in mid-latitude)
s #5035 +5 455 +5 470
(tropical area except desert)
6 20 +55 _20 +65 _20 +75
(tropical area in desert)
TX -40 +50 -40 +60 —-40 +75

NOTE|1 This Table is derived from J§C62498-1:2010, Table 2.

NOTE|2 Storage temperatures are-not considered as normal service conditions unless they have been statefl.

For gach of the variousiinternal parts of the car body, engine compartment, cubicle, box etc.
the dir temperaturesrise may be different. When this value is neither specified by a rel¢vant
document nor known it shall be considered that it does not exceed 30 K during functioning.
T . . ) : = 55 °C (25 °C 30K), | i
maximum-temperature-expected-may-be 70°2C {40 °C + 30-K)-

If the devices are used in a higher average ambient temperature than that designed, their
performance needs to be derated.

For altitude class AX in IEC 62498-1:2010, the dependency between altitude and temperature
shall be provided by the user through a temperature distribution for each relevant range (e.qg.
0Omto 1000 mand1000mto2 000 m).

7.3.2 Reference temperature

A reference temperature (7;) (equivalent continuous surrounding air temperature or cooling
medium temperature) is considered as being the permanent temperature for which the effects
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on material ageing are equivalent to those of the service temperature during the lifetime. It
can be used for lifetime and reliability calculation.

a) Either, it shall be taken as 25 °C for exterior location according to Class TR2 of Table 3 in
IEC 62498-1:2010, unless otherwise specified;

b) or, it shall be taken as 30 K increase to external reference temperature for interior location
unless otherwise specified;

c) or it may be calculated by the manufacturer on the basis of the temperature distribution
provided by the purchaser.

NOTE 1 Thermal ageing is an exponential function of temperature (e.g. see IEC 60216 for insulating materials),
i.e. thgreterence temperature 1s usually higher than the arithmetic mean temperature.

NOTE| 2 For interior locations, the temperature distribution depends strongly on the load and the~elatedl heat
dissipftion.

7.4 | Humidity

T Howi G ori ‘ |EC 60721-3-5c| K2

5 et ity 95 9 10.C wit!

Ralafiva hiimiditv af OF 0/ acceneciatad with ranid variatinne nf temnaratiirac hotwoan 25 PC {n
Relafive-humidity-of-95-%-associated-with-rapid-variations-otlomperaturesbetween—25rC-to
20t maondmin obealuis poeplding boloe 20 oo

Humidity is defined in IEC 62498-1:2010, 4.4.

7.5 | Biological conditions

Riskg of biological attack as defined in IEC 60721-3-5, class 5B2.

7.6 | Chemically active substances

Chemically active substances are present as defined in IEC 60721-3-5, class 5C2 for salipity
or other chemical substances. Cleahing products shall be specified by the purchaser.

7.7 | Mechanically active 'substances

Mechanically active substances are present as defined in IEC 60721-3-5, class 5S2.

7.8 | Vibration.and shock

Equipment i§ submitted to vibration and shock throughout the range of frequencies| and
acceleration-levels experienced in service as required in [EC 61373.

7.9 LExposure to pollution

According to its location the equipment is exposed to various levels of pollution.
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Pollution degree (PD) is classified as 1 to PD4 and shall be taken into account for
deteflmining clearance and creepage d&@ances. Details are given in IEC 62497-1.

7.10| Exposure to overvoltaggi:\'o

The lelectrical equipment i posed to overvoltages from the external supply netwofk or
genfzj’ated by the equipment itself, for example switching transients, lightning, etc. Their levels
ifferent accordin%@he part of the equipment considered.
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8.1.1

Protective provisions against electrical hazards

Protective provisions against electrical hazards shall be made according to IEC 61991.

8.1.2

Batteries

During charge and discharge, the battery compartment may need to be vented in order to
ensure that the concentration of hydrogen produced by electrolysis of the water remains

beloWthe 4 % threshold.

If ne
shou
poss

Cabl

8.1.3 Fire protection

Circdits and equipment constituting risks of ignitionnshall be effectively protected.

Mate
shall

Com

guarantee good resistance to fire.

To drevent the propagation of fire, special provisions may be specified with rega

insta

NOTE

For ejample, for Eugopean countries EN 45545 series are applicable.

8.1.4 Otherrisks

Acce
the
temp

d lead into the open air. Air inlet and outlet openings shall be located \at the
ble location, i.e. in the opposite walls of the enclosure.

bs between the battery and the downstream fuses shall be as short/as possible.

rials shall produce only a small quantity~-of smoke of minimal opacity and toxicity. (L
be considered.)

bustible materials shall be kept~away from sources of heat. They shall be select

lation (fire-break partitions, extinguishers, etc.).

Requirements offixe protection are different depending on countries, regions.

ssible/parts which are likely, during normal service, to rise to a temperature in exce

bded, it is essential that impediments to air changes are minimized, and thelair qutlet

best

imits

bd to

d to

ss of

imits stated in Table 5 shall be protected by a barrier forming an obstacle.

The

erature of the barrier shall not exceed the specified limit.

Access to parts continuously in motion (fans, rotating machines, etc.) or to those parts whose
unexpected motion is likely to constitute a hazard shall be prevented by suitable barriers

givin
8.2

8.2.1
8.2.1

g at least IP20 protection according to IEC 60529.

Performance requirements
Operating conditions

| General

All limiting values of supply voltage, air pressure, air temperature, etc., that can influence
operation may occur simultaneously. All equipment shall operate satisfactorily in the worst
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combination of these limiting values. The following requirements apply with the ambient air
temperatures defined in 7.3.1.

8.2.1.2 Equipment supplied by a contact line

Equipment which is supplied directly by a contact line shall operate satisfactorily at any value
of supply voltage as defined in IEC 60850.

8.21.3 Transformersupply-system Equipment supplied by a transformer

Equipment which is supplied by a transformer shall operate satisfactorily at any value of
supp[y voltage multiplied by the transformer ratio (or ratios).

8.2.11.4 Equipment supplied by a float charged battery system (Type VC1)

Equipment-which-issupplied-from-a-battery-onland-off float-charge shall operate satisfagtorily

wher| energized over the—range—of minimum—volitage—to—maximum voltage range listed
in Taple 1.

—Maximum-equipment-voltage—1:25-U,,

Voltgge fluctuations/(fof example, during start-up of auxiliary equipment or voltage oscilldtions
of battery chargers).lying between 0,6 U, and 1,4 U, and not exceeding 0,1 s shall not qause
devigtion of function.

Voltgge flustuations lying between 1,25 U, and 1,4 U,, and not exceeding 1 s shall not qause
damagé€y equipment may not fully function during these fluctuations.

In the case of thermal engines, see also 8.2.1.9.

8.2.1.5 Equipment supplied by a battery off charge system (Type VC2)

Equipment which is supplied-selely from a battery off charge system is classified as type VC2
and shall operate satisfactorily when energized over the voltage range-6-7+4 to4-4-4Y,, listed
in Table 1.

8.2.1.6 Equipment not supplied directly by an onboard battery (Type VC3)

Equipment shall operate satisfactorily when energized over the voltage range listed
in Table 1.
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Equipment shall operate satisfactorily at the frequency from the minimum to the maximum
value that the supply source is capable of producing.

Voltage fluctuations lying between 0,6 U, and 1,4 U, and not exceeding 0,1 s shall not cause
deviation of function.

Voltage fluctuations lying between 0,7 U, and 1,25 U, and not exceeding 1 s shall not cause
deviation of function.

8.21.7 Traction power supplied by a battery

When the traction power supply voltage is provided by a battery having special arrangenhents
for the correction of voltage variation (i.e. different cell groupings on charge\ and on
discHarge), a relaxation of the limits specified in 8.2.1.4 may be allowed by ‘agreegment
betwgen the user and the manufacturer.

8.2.18 Ripple factor

The-patteries—on-charge Equipment can receive a pulsating voltage;. the DC ripple facfor of
whicm, unless otherwise stated, shall be not greater than 5 % calcutated from the follqwing
formdla:

DC ripple factor = Ymax =Umin's 100

max t Umin

wherg U and Upin

voltage.

max are the maximum and minimum values, respectively, of the pulsating

8.2.119 Low battery voltage

Precautions shall be taken to avoid equipment damage due to the reduction and the retdrn to
the normal range of the voltage caused by progressive and complete discharge of the battery
or by interruption of the supply. “At the start-up of thermal engines no mal-operatign of
equipment shall occur during thé,whole starting sequence.

8.2.1.10 Air pressure

Pneumatic and elegtropneumatic equipment shall operate satisfactorily at an air pregsure
which may vary between the following limits specified by the manufacturer:

— the minimum limiting value which can guarantee to start and maintain the vehigle in
brvice_(functioning) when the compressor is momentarily out of service (short supply-
bltage)interruptions);

< ®»

— thenmmaximum limiting value, which is the rated air pressure as described in 5.6.

Ia—principle; The ratio between the maximum and the minimum value of the air pressure shall
not exceed 1,8.

However, in case of failure of the regulating device, the equipment may be supplied at the
operating air pressure of the safety valve.

8.2.2 Temperature-rise limits
8.2.21 General

The temperature-rise due to operation of the parts of equipment, and measured during a test
carried out at the equivalent continuous rated current or specified currents under the
conditions specified in 9.3.2, shall not exceed the-values limits stated in Table 3, Table 4 and
Table 5.
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NOTE4 The temperature-rise limits given in Table 3, Table 4 and Table 5 apply to equipment ‘
tested in new and clean conditions. Different values may be prescribed by product standards
for different test conditions.

NOoTE2 Temperature-rise in normal service may differ from the test values, depending on the ‘
installation conditions and size of connected conductors.

NOTE-3 Additional temperature-rise tests in the actual service conditions (intermittent service ‘
at different values of current with time) may be made subject to agreement between the
manufacturer and the user to ensure that the different overloads will not cause damage to the
equipment.

For quch tests, the temperature-rise limits may be different from those given in Table\3, Table ‘
4 and Table 5 and will be dependent on limit stresses for materials employed.

NOTEl4 Additional requirements may be necessary to take into account-trardsient limited|time ‘
thermal stresses due to:

lmementary-insufficient short time of very limited cooling when the equipment startg and |
ops;

mall fraction of the total operating time or for a spéggified, short period for Jeach

a
s

— a|reduced efficiency of the cooling system, for example blocked filter, for a spedified,
s

ofcurrence.

Thes—specific additional requirements should be adéquately specified by the user jas a
servipe condition (see 8.2.3).

The determination of temperature rise limits_shall be based on the reference temperature
F.=235°C (T,) given in 7.3.2.

8.2.2.2 Main circuit

The main circuit of equipment shall'be capable of carrying the rated operational current qf the
equipment without the temperatures-rises exceeding the limits specified in Table 3, Taple 4 |
and Table 5 when tested in ac¢ordance with 9.3.2.

NOTE| For switchgear, the cotiventional thermal current defined in IEC 60077-2 is used for temperature ris¢ tests
instead of the rated operational current.

8.2.2.3 Control circuits

The [equipment shall satisfy the tests specified in 9.3.2 without the temperaturesirises ‘
excegding«thelimits specified in Table 3, Table 4 and Table 5.

8.2.2.4 Auxiliary circuits

Auxiliary circuits of equipment, including auxiliary switches, shall be capable of carrying their
rated operational current without the temperatures-rises exceeding the limits specified in |
Table 3, Table 4 and Table 5, when tested in accordance with 9.3.2.

NOTE If an auxiliary circuit forms an integral part of the equipment, it suffices to test it at the same time as the
main equipment, but at its actual operational current.

8.2.2.5 Electrical insulating materials and systems
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of thérmal g. Temperature measurements aim at determining hot spot temperatures

NOTE
insula

The @geing factors are described in IEC 60505, e.g. thermal agein@lectric and mechd

5.1 Classification of insulating materials Q}/

A

nsulation life time is defined as the total time between the initial sta r whic
norm||1al component insulation is considered new and the final state when, d 0 many fa

are met or occur in normal service, there is a high risk of electrica fé\dre.

5es (vibration, thermal cycling, etc.), deleterious atmospher&d and chemicals, moig

adiation, etc. C)
N

es (IEC 60085) and methods to charact

mperature is very often the dominating ageing factor(standards have introduced thg
60216-1). Qé

. . . N\ . .
different classes of solid materials (EIM st\\klectncal Insulating Material) and sy
— Electrical Insulating System) used for.tHe insulation of electric equipment to whic
ment applies are defined in IEC 6008§ d listed in Table 3.

thermal class of the solid mate.ﬁgfs used for the insulation of the windings shg
hted by the manufacturer. \O

N

thermal class of the ‘f&materials used for the insulation of other parts shoul
pted by the manufacturer

-

5.2 Temp&;@ﬁ limits

as liste ble 3. This limit applies to the hotspot, which sustains the highest s

emperaturﬁmit of an insulating system for 20 000 h lifetime is equal to the thTrmaI
a

h the
ictors

nical
ture,

trmal

e thermal endurance propgrties

tems
this

Il be

d be

peed

on of

@99 basic principles of insulation lifetime and thermal ageing, leading to thermal classificaf
in

materials and systems and to their temperature limits_are summarized in IEC 60310:2016 Annex

B.

Other limits may be adopted by agreement between the user and the manufacturer when

certa

in combinations of insulating materials are used.

A temperature rise limit, equal to the admissible temperature minus the reference temperature
in 7.3.2, may be used for testing convenience. Table 3 gives examples of temperature rise
limits for given reference temperatures.

For lifetimes longer than 20 000 h, the maximum temperature limit in operation shall be
lowered.

For operation and lifetime shorter than 20 000 h, the maximum temperature shall not exceed
the limit shown in Table 3.
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Lifetime and temperature limits should be calculated, as a minimum for windings, according to
the reference temperature stated in 7.3.

NOTE 2 An example of lifetime calculation can be found in Annex C.

NOTE 3 Table 3, Table 4 and Table 5 are not applicable to temperature rise of parts of equipment which are
immersed in insulating liquid, for which a guideline can be found in IEC 60310:2016.
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Table 3 — Temperature limits of electrical insulating system

II el - T . rise timits ¢ -
temperature alsomlblontermesrotnre of
Fa=25-°6C} F,=55-°C)
=c K K
A 105 80 50
E e [e1=2 1=

Temperature limits 0\\ ) Temperature limits
for 20 000 h Iifetimes\ for short time operation 2
Therhal class of Admissible Examples ‘?nperature rise General Windings
idsulatin temperature limits, for a reference °C (NOTE B)
k stemg °C . ﬁperature T, °C
y (NOTE 1) AN\ (NOTE 2)
)
=25°C T,=55°C
‘ub\@ K " K
105(A) 105 (.’\\U 80 50 120 130
120(E) 120 - 95 65 135 145
130(8) e 105 75 145 155
N4
155(F) L Oss 130 100 170 180
180(H) [$\' 180 155 125 195 205
200(N) \O‘g 200 175 145 215 225
220(6')); 220 195 165 235 245
— -
250 225 195 265 No guidapce

NOTE 1 This is the value of the temperature index, the number of which is equal to the temperature, expressed
in degrees Celsius, derived from the thermal endurance relationship for a given time, normally equal to 20 000 h
(see IEC 60216-1).

NOTE 2 The temperature rise limits are given as an example for exterior location (7, = 25 °C) and interior
location (7, = 55 °C).

NOTE 3 The temperatures listed are according to Table 3 of IEC 60310:2016 for dry-type windings.

Other temperature limits for windings can be found e.g. in IEC 60349 series for traction motors.

a8 Temperature limits applicable to a small fraction of total lifetime, e. g. degraded mode operation.
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8.2.2.6 Terminals

The temperature rise of terminals shall not exceed the values stated in Table 4 with the
connections specified (bar or type of core, insulation and section) by the manufacturer.

The temperature of terminals shall not cause damage to adjacent parts of the equipment.

Table 4 — Temperature limits of terminals

Terminal material Maximum Examples of temperature rise limits for
¢ - . bi p
°C
40 °C (T, =25 °C) 70 °C (T, =55 [C)
K K
Bare ¢opper 60 30
Bare brass 65 35
Tin-plated copper or brass 105 (see NOTE 1)
Silvertplated or nickel-plated copper or brass 70 (see NOTE 3) 40 (see NOTE|3)
Other|metals (see NOTE 4)
NOTH 1 The maximum temperature is defined only for tin-plated copper or bfass.
NOTH 2 The temperature rise limits are given as examples for exterigr lecation with 7, = 25 °C and for interior
locatibn with 7, = 55 °C when the air temperature rise due to the locallosses is unknown (see 7.3). These|limits
apply|to a new sample (see 8.2.2.1).
NOTH 3 The terminal temperature rise limit is based on the cénnéction of cables, the temperature index of which
is 90 [C. Other values may be necessary if the cable temperature index is different.
NOTH 4 Temperature rise limits are based on service, experience or life test but are not to exceed 70(K for
T, = 2p °C (see also NOTE 3).
8.2.2.7 Accessible parts
The {emperature-rise of accessible parts in normal use of the equipment shall not exceef the
valugs stated in Table 5.
Tabl¢ 5 applies only forgaccessible surfaces which are not defined in the other tables ip the

docu

ment.
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Table 5 — Temperature limits of accessible parts

Accessible parts Maximum Examples of temperature rise limits for
temperature maximum air ambient temperature of
°C

40 °C (T, =25°C) | 70 °C (T, = 55 °C)
K K

Manual operating means:
— metallic 55 15 Not applicable
— non-metallic 65 25 Not applicable

Parts intended to be touched but not hand-held:

— netallic 70 30 Not recommepded
— npn-metallic 80 40 10

Parts| which need not be touched for normal

operation:

- etallic 80 40 10

— npn-metallic 90 50 20

Partsl not intended to be touched during normal
operation

Exterjors of enclosure adjacent to cable entries:

— nmetallic 80 40 10
— npn-metallic 90 50 20
Exterjors of enclosure of equipment, for 200

example resistors

Air i(Sfuing from ventilation openings of 200

enclgsures of equipment for example resistors

| NOTE| The equipment shall be protected against contact with combustible materials or
accidental contacts with personnel. The temperature rise limit of 200 K may be exceedegd by
agre¢ment between the user and the manufacturer. Guarding and location to prevent danger
is the responsibility of the manufacturer fitting the item. The manufacturer shall provide
appropriate information, in accordance with 6.3.

8.2.2.8 Other parts

The {emperature rise jof other live-parts is limited only by safety and damage which cou|d be
causgd to adjacent\parts.

8.2.3 Operation following inactivity

When. ¢he rolling stock has been inactive it may take some time to reach its n¢rmal

oper tional ctata Nhvurina thic tima tha aaninmant chall Anarata hiit cAama acnacte A the
aHohar—State—ouHhRg—HS—He—me—egtHpheRit—SHanr—opeate—ott—Some—aSpPe&cts——o

performance may not be fully compliant. Those aspects shall be agreed or specifically
defined, if necessary, between the user and the manufacturer.

For example, the temperature of some parts of the equipment may be greater or lower for a
short period than the highest or lowest allowable for normal operation.

Nevertheless, such situations shall not cause damage to the equipment itself and shall not
cause any hazard to adjacent parts.

Storage conditions are not considered as transient operation and, if outside the normal range,
they shall be agreed between the user and the manufacturer.
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8.24

Electromagnetic compatibility (EMC)

The tonducted and radisted intarferance n auinment chall ha loweaer thah the
Fhe-tonducted-and-radiated-interference—produdcet-by guipment-shall-be-lo rap-the
Lovel (%)
N\
EMCjrequirements for rolling stock are @%n in [IEC 62236-3-2 for apparatus.
Q\
8.2.5  Acoustic noise emission©
N-
The maximum acoustic no'és\\@mitted by the equipment shall be specified by the vdhicle
designer in order to comply‘with the level required by the user of the whole rolling stock and
for tHe location considered (outside, inside passenger compartment, etc.).
For this, the com @nt manufacturer shall provide, if required, the noise levels emittgd by
the equipment i conditions specified.
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voltages U, of traction system (U-1,2/50 ps) e
Chropmeslinos eatocconios

from up-to AC DC ov4 ov2 ov3 ov4
v v v v KV KV KV KV
100 450 0;8 +5 25 \\4
150 300 15 25 4 N
300 660 25 4 s A\ g
660 900 600 4 5 @‘Q\ 14
boo 1200 750 5 6 _N8” 13
4200 4600 6 g A\ 10 14
1s00 2300 1500 8 0. Q-] 14
2300 3000 10 2 15 24

dooo 3700 12 NZE
d700 4800 3000 15, 18 25 44

4800 6500 20 25
gs00 8300 6250 & 30 40 60

d300 10000 kD 30 35

&
15000 A$ 75 94
25000 | \W 125 170
50000 x{D 250 30p
@ .
O
O
Q
Q~
O
%
\(</C)
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Table 5 — Mini | L.

mated | | ) Py | T
voltages Ui, mm
K\ PD1 PD2 PD3 PD4
0.33 0.04
0.5 0,04 0.2
0.8 0.4 0.8
25 15 \&
3 2 "%
35 25 A ez
4 2 n(b\ ra
45 35 Y 8
A
5 4 ,(\\ 85
6 55 Q° 10
8 8 (-)‘U 14
10 11 g\{(/ 18
12 44{( o 22
15 27
)
18 S 22 32
20 QO 25 36
<
25 "\S\ 32 45
30 & 40 54
40 A’\‘O 60 100*
60 \O 90 140
N
95 O 160 175
N\
us O 260 265
1700 > 310
‘§‘
JE: 370
é\-{zse 489
(/S')‘ 300 600
*_Thberoteatvatie—oirarrm-hao-beenropaootd—by—+o0—rrmao—thic—o—the—aeseptod—rinimum—ra tre—forl3 k\/
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8.2.6

Guid
rated

q

—

- cC
8.2.7

Guid
base

8.2.8

Equi

withgtand voltage. Also equipment shall not,generate switching overvoltages higher

spec
shall

Equi

differlent transient overvoltage levels shall not generate switching overvoltages higher

the Ig

8.2.9

The

to th¢ specified requirements where relevant.

Sped
test

— K

Clearances

hnce for the determination of minimum clearances is given in |[EC 6249-1, bassg
impulse voltage (Uy;) obtained by:

ted insulation voltage (Uy,,) and overvoltage category (OV), or

blculation or measurement of working peak voltage.
Creepage distances

bnce for the determination of minimum creepage distdntes is given in IEC 624
H on rated insulation voltage (Uy,y,), pollution degree (RD) and material group.

Switching overvoltages

bment shall not be subjected to switching.overvoltages higher than the rated im

fied in the relevant product standard. Jn*the event of there being no product stand3

bment having more than one rated operational voltage and/or intended to be usg

west transient overvoltage-level at the corresponding rated operational voltage.

Operational performance

not generate switching overvoltages:higher than the rated impulse-withstand voltagg.

d on

D7-1,

bulse
than
rd, it

bd at
than

pquipment shall-be/capable of performing its rated duties under conditions corresponding

pecification agreed between the user and the manufacturer, and may concern:

ific requirements and test conditions shall be stated in the relevant product standalrd or

e.operational performance off-load in order to demonstrate that the equipment meets the

(o]

and/or air pressure specified;

perational conditions when energized at the upper and lower limits ot supply voltage

— the operational performance on load during which the equipment shall operate at the
specified duty;

— the performance in overload or fault conditions;

— the mechanical and electrical durability.



https://iecnorm.com/api/?name=7358bc5ce0bb5ad464a2378dc8c3a905

-42 - IEC 60077-1:2017 RLV © IEC

2017

The verification of operational performance may be combined in one or several sequences of

tests

8.2.1

if so stated in the relevant product standard.

0 Ability to withstand vibration and shock

The equipment shall be capable of withstanding the vibration and shock given by test

requi

rements (see 9.3.5).

9 Tests

9.1
9.1.1

Tests
wher

Tests

— t)

|
-

q
a

- S

i
(0]

—Kinds of tests
General

shall be made to prove compliance with the requirements laid down in.this docun
e applicable, and in the relevant product standard.

are as follows:

pe tests which shall be made on a representative sample of the_equipment;

utine tests which shall be made on each individual piece)of equipment manufac
ccording to this document, where applicable, and the relévant product standard;

ampling tests which shall be made if called for in the rélevant product standard;

vestigation tests are special tests and shall onlyde'made if required by the manufad
- the user to test in greater detail any particulafaspect of a design.

The f{ests shall be carried out by the manufacturer’at his works or at any suitable laboratg

his ¢

9.1.2

Type
docu

Thes|
a)r—¢f

noice, before the equipment is mounted 0oy the vehicle.

Type tests

tests are intended to verify,compliance of the design of a given equipment with
ment, where applicable, and with the relevant product standard.

nent,

ured

turer

ry of

this

Written documentation of type tests (proving compliance) shall be made available by the
manufacturer.

If these type tests comprise mechanical or electrical durability or performance verifications in
overload or fault conditions which may cause damage, they may be carried out on additional

specimen(s).

However, if this specimen is to be subsequently installed in an operational
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vehicle, an agreement between the user and the manufacturer shall prescribe its minimum
acceptable condition for service.

If they comprise only normal functioning and verification tests without incurring component
wear, the tests shall be carried out on one piece of equipment from the order.

9.1.3 Routine tests

Routine tests are intended to detect faults in materials and workmanship and to ascertain the
proper functioning of the equipment. They shall be made on each individual piece of the
equipment including items that are to be subjected to type testing.

Detalls of the routine tests and the conditions underdwhich they shall be made shall be stated

in tHe relevant clauses of this document and/or the relevant product standard where
applicable.

The foutine tests shall not cause any damage.

9.1.4 Sampling tests
If engineering and statistical. analyses show that routine tests (on each product) arg¢ not

required, sampling tests may be made instead, if so stated in the relevant product stanfard.
They|shall comprise a sequence of tests as for the routine testing.

9.1.5 Investigation-tests

Thask are onticBal tests which mav be made - to verifvspnecific nroperties or characteristies of
—HReSpafre—-opHeiiteStSwWHiechMmay-obeMmacetoveriy/-SpeciHcproperdes-or—-chalacteHsSHcS o1
eauinment —either on the manufacturer's own initiative _or bv asareement betwee the
egutHpents—eRRer—oh—the—maRdactdres—owWhR—Hhiathyes—oF—poYy—agreement—oetweerR—ne

Invegtigation tests are special tests of an optional character carried out in order to optain
additional information. As opposed to type tests they are not intended to verify a requirement
and consequently they have no acceptance criterion.

An investigation test may be made either on the manufacturer's own initiative or by agreement
between the user and the manufacturer.

9.1.6 General test condition

The equipment to be tested shall conform to all functional details with the design which it
represents.

Unless otherwise stated in this document or in the relevant product standard:

— tests shall be carried out in the ambient conditions present at the test site;
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— each sequence of tests shall be made on equipment in a clean and new condition;

— equipment under test shall be mounted complete either under the conditions prescribed by
the manufacturer or under the relevant conditions of installation envisaged on the rolling
stock.

The test results shall be within the tolerances stated in the relevant product standard.

9.1.7 Summary of tests

Table 6 is a non exhaustive list of tests which may be appropriate for electric equipment

within the scope of this document.

Table 6 — List of tests (as appropriate)
Test item Type test Routine test
erification of constructional requirements 9.2.2 9.2.3
erification of performance requirements 9.3
Operating limits and functional tests 9.3.4 9.3.1.2
Temperature rise test 9.8/2 -
Dielectric properties 9.3.3
Verification of clearance and associated solid insulation 9.3.3.2.1 -
Application of test voltage 9.3.3.2.2 -
Verification of creepage distances 9.3.3.2.3 -
Type test for equipment 9.3.3.2.4 -
Power frequency voltage test - 9.3.3.3
Operational performance capability 9.3.4
Air-tightness tests for pneumatic equipient 9.3.4.2
Leakage tests for hydraulic equipment 9.3.4.3.1 9.3.4.3.2
Durability 9.3.4.4 -
Mechanical durability 9.3.4.4.2 -
Electrical durability 9.3.4.4.3 -
Check on the s€ttihg and operation of protective equipment ) 9345
and relays (calibration) oo
Vibration and shock 9.3.5 -
Electromagnetic compatibility (EMC) 9.3.6 -
Acougtic-rioise emission 9.3.7 -
Climatic tests 9.3.8 -

9.2 Verification of constructional requirements

9.2.1 General

Unless specific, higher requirements are given in the product standard or different and
replacing requirements are given in the customer's specification, the design of equipment and
components shall comply with-the each applicable requirements given in Clause 8 of this
document. This compliance shall be capable of being proven (by visual examination,
measurement, etc.) for properties where testing is not appropriate.

9.2.2 Type tests

Verification of compliance with the constructional requirements for the type test may concern:
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— protective provisions against electrical-risks hazards (8.1.1);
. ling:

— ventilation of batteries (8.1.2);

— fire and smoke protection (8.1.3);

— clearances (8.2.6);

— creepage-and-clearance distances (8.2.7);

— other risks such as burning risks;

— climatic-tests conditions.

NOTE| The above list is not exhaustive.
9.2.3 Routine tests
Veriflcation of compliance with the constructional requirements for the routine'test concerps:

— v|sual examination;

— nmeasurement of resistance and impedance.

Meagurement of the resistance of windings shall be made onsal-electro-pneumatic or elgctro-
magnetic control devices when cold if the variation of this reSistance may affect operation.
Typigal equipment includes magnet valves, servo-motors,(voltage relays and electromagnetic
contactors.

The measurements obtained for any given winding;\when corrected to a temperature of 2P °C,
shalllnot vary from the specified value or, alternatively, from the mean of the values meagured
on thie first ten units tested. In the absence_of/a specific product standard, the tolerance|shall
be +8 %.

in the control, indicating and auxiliaty circuits. The allowable tolerances, which vary accofding

The {easurements of resistance are dalso made when cold on the various resistances inserted
to the application, shall be agreed-between the parties concerned.

Whele correct operation of “apparatus in AC circuits depends on the impedance, meagure-
ments of resistance shall, 'if necessary, be accompanied by measurements of impedance
carrigd out with AC at(the specified frequency.

the Voltage drop across the terminals. The current chosen for the test shall have a valye up

The{weasurement of the main circuit resistance shall be made with a direct current, recording
(o}
to the rated current.

The fesistance of any apparatus shall not exceed the limit value fixed by the manufacturey.

9.3 Verification of performance requirements
9.3.1 Operating limits and functional tests
9.3.1.1 Type tests

Operating limits shall be verified as type-and-routine tests.

Fype The tests shall be carried out, at both the lowest ambient temperature to which the
apparatus can be subjected in service (or at which its correct operation is to be achieved) and
at the highest temperature it can attain.
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Large items, for example transformers, motors, cubicles, etc., shall only be subject to climatic
tests by agreement between the user and the manufacturer.

In the case of electro-magnetic or electro-pneumatic apparatus, the tests consist of checking
20 times in succession, for each relevant combination of minimum and maximum values of
temperature, voltage and pressure, that after stabilization of its temperature, the apparatus
will operate—correctly satisfactorily within the limits of supply voltage and air pressure
specified in 8.2.1.

A check shall also be made that the operation of the equipment is still satisfactory when
carried out under the most unfavourable combination of voltage, air pressure and temperature
obtai’rable within the limits specified in 8.2.1. In the case of equipment which operatgs at
diffelent frequencies, the test frequency shall be specified.

NOTE| In the case of electro-magnetic or electro-pneumatic apparatus, operation when hot, at a voltage is
considered to be satisfactory if the apparatus when cold operates normally when it is supplied with the qurrent
equal o that which would flow through the apparatus after 1 h of operation at the same voltage!

This method is not, however, applicable to apparatus used for preparing the vehicle for'service (electro-pneyimatic
valve [for pantographs, machine starting contactors, etc.) since this apparatus—+hust needs to meet dpecial
requirements in general.

9.3.1].2 Routine tests

Functional tests shall be performed as routine tests.

Rout|ne tests consist of verifying at ambient temperature the capability of the equipmgnt to
operate-correctly satisfactorily at the rated supply voltage and air pressure specified in 8.2.1
or at|more appropriate values.

9.3.2 Temperature rise test
9.3.21 Ambient air temperature

The gmbient air temperature shall,be recorded during the last quarter of the test period py at
least|two temperature sensing means, for example thermometers or thermocouples, edually
distriputed around the equipment at about half its height and at a distance of about 1 m|from
the gquipment. The temperature sensing means shall be protected against air currents,|heat
radiation and indicating errors due to rapid temperature changes.

During the tests, the ambient air temperature shall be between +10 °C and +40 °C and [shall
not vary by more.than 10 K.

Howgver, if\\the variation of the ambient air temperature exceeds 3 K, an appropriate
correction factor should be applied to the measured temperature of the parts, dependirjg on
the thetrmal time-constant of the equipment.

9.3.2.2 Measurement of the temperature of parts

9.3.2.2.1 General

For—parts—other-than—coils; The temperature of the different parts shall be measured by

suitable temperature sensing means at those points most likely to attain the maximum
temperature; these points may be determined during a previous test with a current lower than
the test current. These points shall be stated in the report.

Depending on the materials, shape and size of products, and their cooling medium, there may
be a significant temperature gradient between the actual hot spot and the location accessible
for temperature measurement (such as surface temperature) or the average temperature (e.g.
measured indirectly in a coil by DC resistance variation).
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In case the maximum temperature cannot be accessed for direct measurement, indirect
measurement shall apply.

The temperature sensing means shall not significantly affect the temperature rise. Good
thermal conductivity between the temperature sensing means and-the—surface—of the part
under test shall be ensured.

The test shall be made for a time sufficient for the temperature rise to reach a steady-state
value-but-not-exceeding-8-h. The time depends on the construction and the cooling method of
the product. It shall not exceed 8 h unless otherwise agreed. It is assumed that a steady state
is reached when the variation does not exceed 1 K per hour unless otherwise agreed.

9.3.2,2.2 Direct temperature measurement method

The [temperature is measured directly with a temperature sensor (resistiventhermoneter,
thernmpocouple, temperature sensitive sticker, infrared camera, etc.).

9.3.2.2.3 Indirect temperature measurement method

The femperature is derived from the measurements of other phySical parameters sudh as
voltape, current, resistance, etc.

For gxample, for electromagnet coils, the method of measuring’the temperature by variatipn of

resisfance-shall is generally-be used.-Othermethods-are permitted-onlhyif-it-is-impracticalble to
use-the resistance-method- This method provides the avérage temperature of a winding.

The ftemperature of the coils before beginning:the test shall not differ from that of the
surrgqunding medium by more than 3 K.

For-dopperconducters;: The value of the average hot temperature (7,) of the winding may be
obtaiped from the value of the averagegcold temperature (7) of the winding as a functipn of
the ratio of the hot resistance (R,) to the cold resistance (R4) by the following formula:

T, = ’;—Z(n +234,5) - 2345
1

Ry
Ty = ~2(7, + k)~ k
2 R1(1 )

wherg T, and-T, are expressed in degrees Celsius and & is a reciprocal of the temperpture
coeffjcienit of resistance at 0 °C for the material.

f ol 4 = DD 4 L O .
- CI CUPMPTT CUTNTUULLUT. 2905, J U,

— for aluminium conductor: 228,1 °C.
9.3.2.24 Calculation method of temperature

In such cases where the hot spot is not accessible, the temperature is measured, either by
the indirect method, or by the direct method, at a point close to the hot spot.

The temperature difference between this point and that of the hot spot shall be calculated, as
a minimum for windings, when it is relevant to thermal ageing of the insulation system. The
calculation is based on data provided by the manufacturer of the equipment.
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9.3.2.3 Temperature rise of a part

The temperature rise of a part is the difference between the temperature of the part measured
in accordance with 9.3.2.2 and the ambient air temperature measured in accordance with
9.3.2.1.

9.3.24 Temperature rise of the main circuit

The equipment shall be mounted as specified in 9.1.6 and shall be protected against
abnormal external heating or cooling.

Equipment having an integral enclosure and equipment only intended for use with a spegified
type [of enclosure shall be tested in their enclosures for the rated operational curreni. No
openjng giving false ventilation shall be allowed.

For tests with multiphase currents, the current shall be balanced in each phase within 45 %,
and the average of these currents shall be not less than the appropriate test cidrrent.

Unlegs otherwise specified in the relevant product standard, the temperature rise test qf the
main| circuit-is-made shall be performed at the rated operational current and may be-mafe at
any-gonvenient relevant voltage. It may be necessary to take.inte account the influenge of
harmjonic content in the current waveform when determining temperature rise.

NOTE| For switchgear, the conventional thermal current defined in |[EC_$0077-2 is used for temperature ris¢ tests
instead of the rated operational current.

When the heat exchange between the main circuit, the control circuit and the auxiliary cifcuits
may |be of significance, the temperature rise tests'stated also in 9.3.2.5 to 9.3.2.7 shall be
madg¢ simultaneously, in so far as this is allowed"by the relevant product standard.

Testg on—rated DC equipment may be made with an AC supply for convenience of testing but
only with the consent of the manufacturer.

At the end of the test, the temperature—rise of the different parts of the main circuit shajl not
exceged the—values limits given(in 8.2.2.2 unless otherwise specified in the relevant product
standard.

If the temperature rise tests have not been performed in the specified service conditions,
additional calculations or tests may be agreed between the user and the manufacturer.

The test connection of cables shall be made according to IEC 61992-1,0r for verification for a
particular application, with the intended dimensions of connecting conductors.

Details of the test, such as type of supply, number of phases and frequency (where
applicable), cross-sections of test connections, etc., shall form part of the test report.
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9.3.2.5 Temperature rise of control circuits
The temperature rise tests of control circuits shall be made with the specified current and, in

the case of AC, at the rated frequency. Control circuits shall be tested at their rated
operational voltage.

Circuits intended for continuous operation shall be tested for a sufficient time for the
temperature rise to reach a steady-state value.

Circuits for intermittent duty shall be tested as prescribed in the relevant product standard.

At the end of these tests, the temperature-rise of the different parts of the control circuits|shall
not exceed the-values limits given in 8.2.2.3 unless otherwise specified in the relevant product
standard.

9.3.2.6 Temperature rise of coils of electromagnets

Coils| and electromagnets shall be tested according to the conditions givén'in 8.2.2.4.

They| shall be tested for a sufficient time for the temperature rise)to reach a steady-state
valug.

The femperature shall be measured when thermal equilibrium is reached in both the jmain
circu|t and the coil of the electromagnet.

Coils| and electromagnets of equipment intended for intermittent duty shall be tested as
presg¢ribed in the relevant product standard.

At the end of these tests, the temperature~rise of the different parts shall not exceed the
valugs limits given in 8.2.2.4.

9.3.2.7 Temperature rise of auxiliary circuits

The femperature rise tests of auxiliary circuits shall be made under the same conditions as
those specified in 9.3.2.4 but may be carried out at any convenient voltage.

At the end of these tests, the temperature-rise of the auxiliary circuits shall not exceed the
valuds limits given im 8-2.2.4.

9.3.3 Dielectric properties

9.3.3.1 General conditions

The equipment to be tested shall be mounted on a metal plate and all exposed conductive
parts (frame, etc.) which are connected to the vehicle structure in normal service shall be
connected to the metal plate.

Manual actuators of insulating material and integral non-metallic external parts which may be
touched during normal operation shall be covered by a metal foil connected to the frame of
the mounting plate. The foil shall be applied to all surfaces where these can be touched with
the standard test finger.
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However, it is not necessary to cover these parts by a metal foil if they are separated from live

parts by conductive parts which are connected to the vehicle structure in normal service or if

they are double insulated devices or if insulation failure cannot cause any electrical risks

higher than 120 V DC or 50 V AC.

During the tests, it may be necessary to disconnect or to short-circuit some parts of the equip-

ment from the electrical stress. This shall be agreed between the user and the manufacturer.
If any component or subassembly is not submitted to the dielectric test, its terminals shall be

grounded.
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9.3.3.2.1

Clearances shall be verified by measurement or a dielectric test according to\the megthod

descfibed in—annex—A |EC 62497-1.
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btween all the terminals of the main circuit connected together (including the eontro
Lixiliary circuits connected to the main circuit) and the frame or mounting ;plate, wit
bntacts in all normal positions of operation;

btween each pole of the main circuit and the other poles connected itogether and t
ame or mounting plate, with the contacts in all normal positions of dpération;

the main circuit,

the other control and auxiliary circuits,

the exposed conductive parts,

the frame or mounting plate,
hich, wherever appropriate, may be connected*“together;
r equipment suitable for isolation, across the poles of the main circuit, the line term
bing connected together and the load terminals connected together.

est voltage shall be applied between, the line and load terminals of the equipment
pntacts in the open position.

.2.3 Verification of creepage distances

shortest creepage distances between phases, between circuit conductors at diff
pes and live and exposed conductive parts shall be measured.—Fhe Each meas

creepage distance-with—respectto-material-group-and-pollution-degree shall comply wit

minir

hum requirements of 8.2.7.

The method of Ateasuring creepages distances is given in-annex-A IEC 62497-1.

NOTE
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9.3.3

.24 Type test for equipment

The method of dielectric test of equipment for routine test in 9.3.3.3 shall apply.

9.3.3

9.3.3

.3 Routine tests

.31 Power frequency voltage test

The power frequency voltage tests shall be carried out on every single piece of equipment. In
certain cases to be agreed between the user and the manufacturer, they may also be carried
out on equipment connected in groups. For details of tests of equipment when mounted on the
vehicle, refer to IEC 61133:2016.

The test voltage at a frequency of 50 Hz or 60 Hz shall be of approximately sinusoidal form.
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The method of test is given in IEC 62497-1.

Table 7T | : ficati ‘ ol

Clearances U, U, Yye

mm kv kv kv
0,04 033 0,23 033
2,0 34 4,69 239\
25 3,6 1,96 2R
30 4,06 2.2 /\3$§
35 4,54 2,45 AN 347
40 4.93 268 7 37e
55 6.09 332 N 4s0
8,0 782 408 AN .02
1.0 9.95 5.4 A | 7.63
14,0 122 66+ (O~ 9,35
18,0 15,1 8,172 () 11,6
22,0 17,8 9,68 13,7
25,0 19,9 _ ags 15,3
32,0 24,5 X 133 18,8
40,0 29,5 OV 180 22,7
60,0 41,6 NS 22,6 31,9
90,0 58,5 S 31,7 44,9
120 746 o7 40,5 57,2
160 95 .\ 51,5 72,9
260 13O 77,6 10
310 166" 90 127
370 N3 104 148
480 o0 240 130 184
600 ()~ 289 157 222

v ,

o

9.3.3.3.2 Tes \@tage and duration

The poltage o power frequency voltage test (U,) (kV RMS) based on the rated impulse

voltape (U, @( V) of the dielectric test for equipment shall be selected according to

IEC 624&6%

N

Th ' £ 14 IH I H 4.0
e uurativil Ul VUILOHU applieativit 1o 1V o.

If agreed between the user and the manufacturer the test voltage and duration may be
selected according to Annex B.

9.3.3.3.3 Application to groups of equipment before or after mounting

A dielectric test shall be carried out on groups of equipment even if their components have
already been tested individually.—Fhe This repeated test shall be made at a voltage equal to
0,85 0,80 times the initial test voltage-required-by-the rated-insulation—voltage—of-thecircuit
according-to-table-8-ortable 9 given in IEC 62497-1.

NOTE For testing of rolling stock after completion of construction and before entry into service, IEC 61133:2016
instructs to apply 85 % of the test voltage of the defined test voltage for 1 min. The defined test voltage according
to IEC 60077-1 is the repeated test voltage equal to 0,80 times the initial test voltage given in IEC 62497-1.
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However, where the circuit contains a mid-point permanently connected to earth,—&; (Uy.,)
defined in IEC 62497-1 shall be taken to be one-half of the rated insulation voltage which
would be taken in the absence of a mid-point connection.

Components which may be damaged during the test, or which can constitute a load for the
test voltage, shall be disconnected.

9.3.4
9.3.4

Operational performance capability

A1 General

Tests
cond

9.3.4.2 Air-tightness tests for pneumatic equipment

Tests
cylin
than

The
press

The
whern

if ap

The

test and may be carried out on no morethan 10 identical specimens for the routine test.

For
sepa
leaks

The {est duration-F (¢) is~determined with the different parameters as follows:

wherg:

shall be made to verify compliance with the requirements of 8.2.9. Detalled| test
tions shall be given in the relevant product standard.

shall be made to verify that the leakage of each unit of the pneumatic equipment,
ler or magnet-valve, does not cause, after the test duration—F (¢), a‘reduction of more
1 % per minute of the air pressure of the vessel-\/ to which this unit has been conne¢ted.

pir pressure of the vessel at the beginning of the test shallDbe equal to the rated air
ure (P) of the unit to be tested.

cold winding shall be supplied with a current equal t0)the steady-state current obtained
the winding is supplied at the rated voltage.

The J,eSt shall be repeated for every different state.ef the equipment whether energized of not,

licable.

est shall be carried out on a single specimen (air cylinder or magnet-valve) for the|type

equipment having several air’ cylinders or magnet-valves which cannot be t¢sted
rately, it is sufficient to check that the total leakage is not greater than the sum qf the
ges allowable for eachunit.

t—d—P 100 ¥
P (m+0,5n)

a)
-

isdhe number of magnet-valves tested;

dpP

NOTE
and th

is the number of air cylinders supplied during the test;
is the test duration, expressed in minutes, which shall not be lower than 1 min;

is the total volume, expressed in cubic decimeters, of the pneumatic circuit comprising
the vessel and the air cylinders if any, increased by the pipes' volume if significant. The
total volume shall be up to 5 times that of the pneumatic circuit of the equipment tested;

is the rated air pressure expressed in MPa (1 MPa = 10 bar);

is the variation of the air pressure of the vessel at the end of the duration test,
expressed in MPa. This variation shall not exceed 0,1 P, but shall be sufficient to be
able to quantify it on the air pressure measuring device.

The choice of the vessel is such that its volume satisfies the conditions for the variation of the air pressure
e test duration.
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9.3.4.3 Leakage tests for hydraulic equipment
9.3.4.31 Type tests

An—endurance A durability test of three months duration shall be made on a complete
hydraulic equipment operating on a load cycle agreed between the user and the manufacturer
to verify that no leaks exist which would either jeopardize the functioning of the equipment or
necessitate replenishing the hydraulic fluid.

The duration of the test may be established for a period other than three months after
agreement between the user and the manufacturer.

9.3.4.3.2 Routine tests
9.3.4.3.2.1 Cylinders

With [the pistons fitted with packing, rings or gaskets there shall be no significant leakage|from
the cylinder with the maximum load applied externally to the piston rod.

9.3.4.3.2.2 Valves and hydraulic systems

Whenp tested at the maximum rated flow and the maximum rated pressure, the leakage |shall
not exceed 0,35 % per minute of the maximum flow per-180-b&rs10 MPa.

9.3.:].4 Durability
9.3.4.4.1 General

Durapility tests are type tests intended to Verify the number of operating cycles| that
equipment is likely to be capable of performing’without repair or replacement of parts.

The [durability tests form the basis of-a statistical life estimate, where the manufacjured
quantities permit this.

9.3.4.4.2 Mechanical durability

Durinlg the test, there shall be’no voltage or current in the main circuit. The equipment may be
lubrigated before the testiif lubrication is prescribed in the normal service.

The pontrol circuit shall be supplied at its rated voltage and, where applicable, at its rated
frequency.

PneuUmatic_and electro-pneumatic equipment shall be supplied at the rated air pressure.

Manyally’operated equipment shall be operated as in normal service.

The number of operating cycles shall be not less than that prescribed by the relevant product
standard.

For equipment fitted with operating relays or releases (tripping devices), the total number of
operations to be performed by such relays or releases shall be stated in the relevant product
standard.

Evaluation of test results shall be defined in the relevant product standard.

9.3.4.4.3 Electrical durability

The test conditions are those of 9.3.4.4.2 except that the main circuit is energized according
to the requirements of the relevant product standard.


https://iecnorm.com/api/?name=7358bc5ce0bb5ad464a2378dc8c3a905

IEC 60077-1:2017 RLV © IEC 2017 - 55—

Evaluation of test results shall be defined in the relevant product standard.

9.3.4.5 Check on the setting and operation of protective equipment and relays

(calibration)

These checks are routine tests.

Normally, all such equipment shall operate with a tolerance of 5 % of the maximum setting of
their range.

9.3.5__ Vibration and shock

Vibrdtion and shock tests shall be carried out according to the relevant method of IEC 61873.

9.3.6] Electromagnetic compatibility (EMC)

Thoendthime s cmdeonmnnnneledos cloctomnnonntie diolede conencl fon oo anle e fodio

transjmitters, mobile telephones. The electronic equipment of railway vehicles shall {offer
eidi . . . fiolds.

Thogelline—steslmaroreduen clocine aocnntle sl nlnote e cn e ioldle Thoon cnloblone

can—pffect sensitive—electronic—apparatus,—for-example radio-receivers,—televisions,—et¢—in

e | ) _

Combatibilitv _hetwean vahiclae and cianallina eauinraent chall ha eacsneciallv _considbred

Compatibility between—vehicles—and-signalling—equipment-shall-be especially considpred-

Dandndina - on - the cianallina eauinment uced in thé invdividual eaca limite of conducted and

Depgnding-on-the-signalling—egquipment-used-in-the-individual-case, limits—of conducted-and
X o 11 . hallt . _

EMCJtest methods and criteria for rolling stockare given in IEC 62236-3-2 for apparatus.

9.3.7| Acoustic noise emission

If required, acoustic noise tests may be carried out to verify the limits of 8.2.5, as agreed

between the user and the manufaeturer.

9.3.8 Climatic tests

If required, a series af tests may be carried out to demonstrate the capability of meeting the

envirpnmental conditions. The relevant methods of IEC 60068 shall be used and|may

comgprise the following:

- copld IEC 60068-2-1;

— dry heéat IEC 60068-2-2;

— dpmp’heat steady state |IEC-60068-2-3 60068-2-78

or damp heat cyclic

salt mist

IEC 60068-2-30;
IEC 60068-2-52.

In addition, other tests may be prescribed by the test document according to the particular
environmental conditions defined.

For each test, the particular parameters shall be recorded in the test report.

If applicable an air-tightness test shall be carried out during, and after, exposure to dry heat
and cold in accordance with 9.3.4.2.

A new sample shall be used for each test. However, the same sample may be used for
several tests if it is declared as new after refurbishment.
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]

Minimum height
of 2Xmm

Minimum width of base according
to mechanical requirements

Y
[}

IEC 133749

Ei A1_M ‘ il

Clearance Creepage’distance
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Annex A
(informative)

Coordination between definitions

2017

The object of this annex is to clarify the terminology of the definitions and the characteristics.

All terms or expressions in italics are taken from Clauses 3 and 5.

Gensd
value

nomi

The
requi

The {

The

defin
oper.
(see

Thes
cated

Som

range of this regulation may be the rated operational voltage even if a larger range is req

for o

The

ineffective into account.

Equi
case
volta

th
n

H

ratty, @ quantity cam vary withim a range that 7S5 a gap DetWeen two admissibte1ir
s, but to designate or identify this quantity, an approximate value is used; it
nal value (see Figure A.1).

greatest value of this range, or maximum value, is chosen to detérmine the
rements; it is called the rated value.

smallest is also used as a test value but generally for the operational requirements o

ise of equipment or a device is defined principally by twe values, voltage and cu
d and/or agreed by the manufacturer according to its désign; it is a matter of the
tional voltage with the rated frequency, if necessary; and the rated operational cu
Figure A.2).

e two rated values are used as references <for’the tests; they define the utiliz
jory (see Figure A.2).

btimes when the quantity is derived fram”a regulating device the greatest value o

berating.

operational requirements may-also take a temporary voltage when the regulati

several rated operational voltages and rated operational currents included in a
pe/current in which:

ay be exceeded for a short duration; it is then called an overload current;

e upper allewable current is that obtained in continuous duty (thermal limit). This] li

niting
5 the

test

nly.

rent,
rated
rrent

ation

f the
uired

I

bment or a device may_ have several utilization categories (see Figure A.3). It has, in this

field

oA

H

H 1

the upper continuous allowable voltage is the rated insulation voltage, i.

e. the vo

ltage

which has been chosen for determining the minimum creepage distances and which in
turn, together with the overvoltage category, determines the rated impulse voltage level.
The rated impulse voltage determines the minimum clearances and the dielectric test
voltage.

All-operational-conditions—shall-ensure-that-the The following limitations apply to operational

requi

rements (see Figure A.3):

rated operational voltage should be-always lower than the rated insulation voltage,;

to avoid any breakdown;

transient overvoltages are always lower than the rated impulse—withstand voltage in order
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— rated operational current should be-always lower than the thermal limit;
— currents in overload condition are not greater than the rated short-time withstand current.
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Rated value

Nominal value

IEC
Figure A.1 — Example of relation of limiting values
Ul
Rated A Utilization
operational < 4 — — — — — — 7 T categories
voltages
Nominal B
voltages
\/' I
Rated operational currents
IEC
Figure A2 — Example of utilization category
U
Rated
********************* —<— impulse
Power frequency. Transient voltage
test yoltage - - - - - - - overvoltages ~ ~ \
[
\
Rafed\insulation \
vol age A/ A OUVeTIoaa
e condition
\
Temporary B \
overvoltage |
\
Thermal limit — \ !

Rated short-time withstand current
IEC

Figure A.3 — Example of coordination of operational conditions
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Annex B
(informative)

Type and routine test of dielectric tests for equipment

General

This Annex B gives the information about type and routine test method of dielectric tests for
equipment described in the first edition of IEC 60077-1.

B.2

The {
equif
also
mour

The fest voltage at a frequency of 50 Hz or 60 Hz shall be of approximately sinusoidal for

General conditions

ests shall be carried out with the rated power frequency voltage on every. single piece of

ment. In certain cases to be agreed between the user and the manufacturer, they

may

be carried out on equipment connected in groups. For details of testshof-‘equipment when

ted on the vehicle, refer to IEC 61133.

The

is applied progressively in 10 s, maintained at the prescribed value during 60 s + 5 s
then |[decreased progressively to zero.

After[agreement between the user and the manufacturer, DC voltage may be used; the

of th

NOTE
the ap

Thesge tests may also be required inia type test sequence to verify that equipment h3

dama

B.3

Tests
requi

n

i
\"

ethod of test and the RMS values of the test voltage ared{defined below. The test vo

test voltage is then equal to the peak value'of AC voltage required.

In all formulae giving test voltages, Uy, represents the rated insulation voltage (see 5.2 and Anne
paratus subject to the test.

ge after the test.

Test voltage

on single piecesyof equipment shall be carried out in accordance with the follg
rements:
Table B.2)for AC and DC rated insulation voltages of no more than 10 000 V;

Table\B.2 for equipment connected to the AC contact line by the application of thg
hltage:

Itage
and

alue

A) of

wing

test

between the main circuit or contacts in the closed position and other circuits inclyding

earth;

and between contacts in the open position.

NOTE Aged insulation parts which may be dielectrically tested after refurbishment or repair
are not to be tested at more than 1,5 times the rated insulation voltage.
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Table B.2 — Dielectric tests for equipment connected to AC contact line

Nominal voltage of contact supply line AC RMS Rated power frequency voltage RMS
kv kV
6,25 20
15 38
25 75
50 130
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Annex C
(informative)

Example of thermal endurance calculation to demonstrate the
suitability of an insulation system for a specified application

C.1 General
This Annex is just an example for the purpose of understanding the calculation method set up
in IEE66340-2646AmmexB-

wher
ECO
TI

1)

s
HIC

CEP
AOT

C.2

In th
whic

It is based on purely indicative thermal endurance characteristics and should not@ﬁ aken
as refference for actual applications if not supported by actual thermal enduranc st data.

Q
For dasy understanding, the simplified Arrhenius formula (C.1) is used: ,\q/

NS

3

TI T QQ
ECO(h)=20000x2 HIC © C.1)
((/Q
s\\
AOT o) c.2)

CEP(%)=E—CO>< 1Q%
O

N

is the thermal endurance in continuous@eration (in hours);

is the temperature index (in degre%@elsius);

is the hot spot temperature (in d@rees Celsius);

is the halving interval (in Kelx&?s);

is the consumed enduranb@potential (in percent) for a given hot-spot temperatufe;

is the actual operatin‘%@jme (in hours) the insulating system will operate at the given

hot-spot temperatu
Example 1 —Qﬁperature limits for an electric insulation system
exampl "Table C.1, two insulation systems of different classes are considered
have t the lower limit of their thermal class and with the shown HIC.

3
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Table C.1 — Temperature limits and expected lifetime for
a dry-type insulation system (examples)
Short-ti ti t Continuous
Thermal endurance Short-time operation a operation
characteristics for the maximum hot-spot temperature (210 000 h)
|
Thermal exampies (NOTE 1) (NOTE 2)
class
Maximum hot- Expected Maximum hot-spot
TI HIC spot temperature lifetime temperature
°C h °C
10% (A) 105 6 130 1100 85 Q
N
180 (H 180 11 205 4100
* @
y\\
NOTE 1 Column 5 shows the expected lifetime if the insulation system is operated cgntinuously a{ the
maximum hot-spot temperature according to Table 3 for windings. The expected lifetime is | lated for 10 %
CEP| N
4
NOTE 2 Column 6 shows the maximum temperature for continuous operation of’f\e insulation system for a
specjfied lifetime of 210 000 h (i.e. 30 years and 7 000 h per year).
QO
O
&
C.3 | Example 2 — Thermal endurance calculatloné\
C.3.1 General QQ
The ¢xample below considers the coil of a mag Q‘§\/alve (type VC1) for a traction application,
supplied by a 110 V nominal float charged bat@%, cooled by natural air convection.
&
This |calculation method may be applied\gé multiple parameters at the same time or to pther
parts| of components. 4\
. . e S, . e .
It is pften possible to split the G%a tion of traction electric equipment into simple equivialent
opergting conditions thanks teltheir usually high thermal time constant compared with the
running cycle of the railwang icle.
Anngx D in IEC 60@016 provides an example of lifetime calculation for a dry-type
transformer or induct@
In thg followj bles, cells with a white background indicate input data while cells with a
grey pack d indicate output data resulting from calculations.
C.3.2 \<(/Operating conditions provided by the purchaser

Total operation hours over lifetime: 194 400 h (30 years at 360 days per year and 18 h per

day).

Two main parameters define the winding temperature of the coil: the ambient temperature and
the supply voltage of the coil. In this example, for simplicity, the voltage is assumed to be
constant and equal to the rated operational voltage (U,). Then the operation is described by a
simplified temperature distribution shown in Table C.2.
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Table C.2 — Ambient temperature distribution

Operation over lifetime
T Voltage
Operating conditions O(I%IB V i
% h
Condition 1 40 40,0 77 760
Condition 2 55 126,5 50,0 97 200
Condition 3 65 10,0 19 440
Total 100,0 194 400
NOTE For VC1 type electrical equipment, the battery voltage is usually not constant but regulated\\y the
battgry charger with a temperature compensation characteristic which decreases the floating volta \uhe the
battqry temperature increases. Q
A
C.3.3 Thermal endurance characteristics provided by the manufactﬁrer
— Igformation about the reference and actually used msulatlog\/\/stem according to
IEC 60216-5: generic type of materials, test certificates.
— Thermal class, endurance graph (Arrhenius formula consta (QTE or RTE, HIC).
In this example, the assessed thermal endurance (AT%I‘ relative thermal endurdance
(RTE) index is taken for 77 in the calculations with the f ing values:
Class 130 (B) insulation system with 77 = 130 °C abé(HIC =9 K.
C.3.4 Temperature rise test results \\Q

Tabl¢ C.3 shows temperature rise test meastrements and calculation results. This

provi
the v

plue of the thermal resistance of the@o (Rih_avg)-

2

test
des the winding resistance of the CO”\ at a reference temperature (e.g. at 0 °C) and

\
the winding resistance of the b\ (R) is measured directly and, if necessary, convgrted

First,
to a feference temperature acco@ to 9.3.2.2.3.

.\0
Next|] the temperature ris(?kst is carried out with direct measurement of ambierlt air
tempgrature (T,,,p), voltage (U), current (I) and hot-spot temperature (7},s). Here, the test is
perfdrmed at referenc perature T, = 25 °C and rated operational voltage U, = 12615 V.
The |average windi emperature of the coil (Tavg) is derived from the resistance (R)
variafion. @
Finally, the r parameters are calculated: power (P), temperature rises (AT avg: ATq),
gradient Savg) between hot-spot and average temperatures, and thermal re5|slance
(Ry

_1\@ avg/P)

Table C.3 — Temperature rise test results

Comment Tamb U I P R Tavg ATavg Rth_avg Ths AThs-avg AThs
°C \ A W Q °C K K/IW °C K K

R reference 0 779 0

Test 25 126,5 10,124 9| 15,80 1013 70,5 45,5 2,88 75,5 5,0 50,5
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C.3.5 Extrapolations

Table C.4 shows an example of extrapolation, by iterations, of the temperature rise test
results at another ambient temperature (corresponding to Condition 1 in Table C.2).

Each iteration is performed as follows:

— starting with the value of the winding resistance of the coil (R) in the previous row of the
table;

— calculating the average winding temperature rise of the coil:

ATayg = Rin_avg X P; \%
— rgcalculating the resistance according to the following formula with & = 234,5;€Q‘mp pr
N
— R x T+k. (19
2 = 1Y ; .
T, +k N
o
— apd assuming that ATyg .4 is proportional to AT,. QQ
Table C.4 — Extrapolation to other ambient@ﬁ-ﬂ)erature
&
cdmment Tamb v P ATavg Tavg K\Y AThs-avg AThs 1 hs
°C v W K "cL, Moo K K c
Test 25 126,5 15,8 455 | a9 | 1013 5,0 50,5 75,5
Itgration 15,8 45,5 \\\35,5 1062,4 5,0 50,5 9p,5
Itration 15,1 433N 833 | 10553 | 48 48,1 8B,1
Itpration 40 126,5 15,2 485 | 836 | 10563 | 48 48,4 8h.4
Itgration 15,1, 05@43,6 83,6 1056, 1 4,8 48,4 8p,4
Condition 1 1§,\2A\ 43,6 83,6 1 056,2 4.8 48,4 88,4
Y
C.3.6 Lifetime calculatle)\\based on thermal endurance
Applying the principles Table C.4, the temperatures of Table C.5 can be extrapolatdd for
each|condition specified'in Table C.2.
Using fomula (@ihe consumed thermal endurance potential (CEP) can then be calculated.
é Table C.5 — Lifetime calculation based on thermal endurance
O
W Temperature extrapolations Thermal endurance calculatiqns
Operation e s
Tymb U P ATavg Tavg AT, T over lifetime Lifetime
Comment
. o . Split AOT ECO CEP
C Y W K C K C % h h %
Test 25 | 126,5 | 15,8 455 70,5 | 50,5 | 75,5 1334 212
Condition 1 | 40 15,2 43,6 83,6 | 48,4 | 88,4 40,0 77 760 | 493310 | 15,8
Condition2 | 55 | 126,5 | 14,5 41,9 96,9 | 46,4 | 101,4 50,0 97 200 | 180363 | 53,9
Condition 3 | 65 14,2 40,8 | 105,8 | 45,2 | 110,2 10,0 19440 | 91692 | 21,2
Total 100 194 400 90,9
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NOTE Because the speed of ageing increases with temperature, although operation in the hottest conditions
(Condition 3) is limited to 10 % of the required lifetime, it consumes 21 % of the lifetime potential of the insulation
system of the coil. Whereas, operation in the coldest conditions (Condition1), occurring 40 % of lifetime, only

consu

mes 16 %.

The total consumed endurance potential (CEP) is less than 100 %: the insulations system of
this coil is acceptable, for the specified conditions, from the thermal endurance point of view.

C.3.7 Equivalent continuous duty and rated continuous duty

Applying the principles of Table C.5, it is possible to calculate:

H i P abaly

-t

- 0

for c

walal LE L
o avdaiavic moininc (v,

[ the consumption of potential lifetime (CEP) after a given operation time (407); é

Tabl¢ C.6 for an equivalent continuous duty and for different rated continuous@ ies.

Vv

Equiyalent continuous duty — This calculation aims at determining/e,'}ihgle, equi
ambient temperature (7T,mp ¢q) @nd a single, equivalent, voltage (¥4, ¢q) for conti

bntinuous operation at any relevant ambient temperature and voltage valu?\t as sho

vn in

rTIent,
uous

operation which consumes the same potential of thermal enduraan pproximately, bedause

of the¢ chosen, rounded figures) as the specified application, whidky
servipe. This case is generated from Table C.5 in two steps: Q/C)
N

— Step 1: a same temperature (T,

iterations, which consumes the same overall CEP a specified application.

cpnsumes the same overall CEP at the equ.'%

(Tamb_eq)- K\)

Ratefl continuous duty — Similarly, it is ®ible to determine many pairs of temper

(T
(407)), e.g. for the purpose of a catalo&@

Table C.6 - Equivagﬁ%cc):ontinuous duty and rated continuous duty
. O

— Step 2: a same voltage (Uy; ¢q) for each time SQQS then determined by iterations which
atent temperature determined in sfep 1

orresponds to the gctual

amb_eq) for each of the gttage conditions is determinefd, by

ature

amip_rated) @nd voltage (Uge rateq) @iMinghat consuming 100% CEP for a given target lifgtime

)
Tempera@extrapolations Thermal endurance calculqtions
N Continuous e o
T,mo (\l@ P AT,.q Tovg AT, T operation Llfetlmel
Comment 4
° o o AOT ECO ICEP
C E \ W K C K C h h o
Test f%‘ 126,5 15,8 45,5 70,5 50,5 75,5 1334 212
N
Equ|valent< P
contf& 52,5 126,5 14,6 42,1 94,6 46,8 99,3 194 400 213 443 P1,1
q
Rated
continuous 55 126,5 14,5 41,9 96,9 46,4 101,4 180 000 180 370 99,8
duty

NOTE 180 000 h is another example of lifetime requirement.
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1)

9)

Interpational Standard IEC 60077-1 has been prepared by IEC technical committe

INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS -
ELECTRIC EQUIPMENT FOR ROLLING STOCK -

Part 1: General service conditions and general rules

FOREWORD

Thie International Electrotechnical Commission (IEC) is a worldwide organization for standardization comj
alll national electrotechnical committees (IEC National Committees). The object of IEEC s to pr
international co-operation on all questions concerning standardization in the electrical and electronic fiel
this end and in addition to other activities, IEC publishes International Standards, Techhical Specificg
Telchnical Reports, Publicly Available Specifications (PAS) and Guides (hereaften referred to as
Pyblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inte
in |the subject dealt with may participate in this preparatory work. Internatiohal," governmental and
governmental organizations liaising with the IEC also participate in this prepatation. IEC collaborates g
with the International Organization for Standardization (ISO) in accordangeswith conditions determin|
agreement between the two organizations.

Thie formal decisions or agreements of IEC on technical matters express,/as nearly as possible, an interna
cohsensus of opinion on the relevant subjects since each technical ‘committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N4
Cdmmittees in that sense. While all reasonable efforts are-made to ensure that the technical content
Pdblications is accurate, IEC cannot be held responsible<for the way in which they are used or fg
miginterpretation by any end user.

In|order to promote international uniformity, IEC National Committees undertake to apply IEC Publig
transparently to the maximum extent possible in~their national and regional publications. Any diver
befween any IEC Publication and the corresponding national or regional publication shall be clearly indica
the¢ latter.

IEC itself does not provide any attestation,'of conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent ceriification bodies.

Allfusers should ensure that they.have the latest edition of this publication.

Nd liability shall attach to IEC{on its directors, employees, servants or agents including individual exper
mgmbers of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out ©f\the publication, use of, or reliance upon, this IEC Publication or any othg
Pyblications.

Atfention is drawn\to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the correct application of this publication.

Atjention is\drawn to the possibility that some of the elements of this IEC Publication may be the sub
palent rights: IEC shall not be held responsible for identifying any or all such patent rights.
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Electrical equipment and systems for railways.

This second edition cancels and replaces the first edition of IEC 60077-1, issued in 1999. It
constitutes a technical revision.

This edition includes the following main technical changes with regard to the previous edition:

a)

Descriptions regarding insulation coordination, environmental conditions and those of
current return and protective bonding are deleted and replaced by references to
IEC 62497-1, IEC 62498-1 and IEC 61991, except classes of air temperature, which are

copied from Table 2 in IEC 62498-1:2010.
Classification of equipment type is introduced.

Temperature limits and temperature rise tests are reviewed.
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d) Example of lifetime calculation: Annex C (informative) is introduced.

The text of this standard is based on the following documents:

FDIS Report on voting
9/2266/FDIS 9/2278/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been draited In accordance with the ISO/TET Directives, Part 2.

A ligt of all parts in the IEC 60077 series, published under the general title=Rajlway
applications — Electric equipment for rolling stock, can be found on the IEC website.

The committee has decided that the contents of this publication will remain"unchanged| until
the gtability date indicated on the IEC website under "http://webstoredec.ch" in the [data
related to the specific publication. At this date, the publication will be
e r¢confirmed,

e withdrawn,

e r¢placed by a revised edition, or

e amended.
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INTRODUCTION

Although this document specifies the general service conditions and general rules for electric
equipment for railway rolling stock, further details for certain types of electric equipment may

be gi

ven in other IEC standards.

IEC 60077 series consists of the following parts:

e P
P

art 1 — General service conditions and general rules

art 2 — Electrotechnical components — General rules

Plart 3 — Electrotechnical components — Rules for DC circuit-breakers
Plart 4 — Electrotechnical components — Rules for AC circuit-breakers

Plart 5 — Electrotechnical components — Rules for HV fuses

Althdugh all circuits of power or control electronic equipment connected to-battery or contact
re covered by this document, internal circuits of these may be, subject to spgecial
requirements covered by relevant product standards.

line

For

standard, including items of industrial equipment, this document,/plus the relevant equip

prod
requi

lectric equipment for rolling stock which conforms to_af) appropriate internafional

rements to ensure satisfactory operation on rolling stock.

ment

ct standard for electric equipment where appropriatey‘specifies only those addifional
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RAILWAY APPLICATIONS -
ELECTRIC EQUIPMENT FOR ROLLING STOCK -

Part 1: General service conditions and general rules

1 Scope

This [part of IEC 60077 specifies the general service conditions and requirements \for all
electfic equipment installed in power circuits, auxiliary circuits, control and indicating cifcuits
etc., on railway rolling stock.

NOTE| Some of these rules can, after agreement between the user and the manufacturer, be. used for elefctrical
equipment installed on vehicles other than railway rolling stock, such as mine locomotives, trolley buses, etc.

of a general nature applicable to electric equipment for rolling stock.(This is in order to optain
uniformity of requirements and tests throughout the corresponding range of equipment to
avoid the need for testing to different standards.

The purpose of this document is to harmonize as far as practicable allrules and requirenLents

All r¢gquirements relating to:

o the environmental stresses expected during the narmal service conditions;
e the construction;
e the performance and the associated tests which can be considered as general;

have|therefore been gathered in this document together with specific subjects of wide interest
and application, for example temperature-rise, dielectric properties, etc.

In th¢ event of there being a differeénce in requirements between this document and a rajlway
rolling stock relevant productiistandard, then the product standard requirements |take
prece¢dence.

2 Normative references

The following decuments are referred to in the text in such a way that some or all of|their
contgnt constitutes requirements of this document. For dated references, only the edition
cited|applies._For undated references, the latest edition of the referenced document (inclliding
any amendments) applies.

N
0

IEC 6066824—Envirenmental-testing—-Pat
IEC 60068-2-2, Environmental testing — Part 2-2: Tests — Tests B: Dry heat

IEC 60068-2-30, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic
(12 h + 12 h cycle)

IEC 60068-2-52, Environmental testing — Part 2-52: Tests — Test Kb: Salt mist, cyclic (sodium
chloride solution)

IEC 60068-2-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady
state

IEC 60085, Electrical insulation — Thermal evaluation and designation
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IEC 60216-1, Electrical insulating materials — Thermal endurance properties — Part 1: Ageing
procedures and evaluation of test results

IEC 60505, Evaluation and qualification of electrical insulation systems

IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 60721-3-5, Classification of environmental conditions — Part 3: Classification of groups of
environmental parameters and their severities — Section 5: Ground vehicle installations

IEC §0850—Rat P — s , , . .

IEC ¢
of co

IEC 1373, Railway applications — Rolling stock equipment — Shock and vibration tests

IEC ¢
haza

IEC §

IEC ¢
_Ap

IEC ¢
Clea

IEC ¢
Equif

3 1

For t

ISO Ind IEC maintain~terminological databases for use in standardization at the follg

addr

i

[«

o v

1133:2016, Railway applications — Rolling stock — Testing of rolling stock on‘comp
nstruction and before entry into service

1991, Railway applications — Rolling stock — Protective provisions against elec
rds

1992-1, Railway applications — Fixed installations — DC switchgear — Part 1. Genera

2236-3-2, Railway applications — Electromagnetic.compatibility — Part 3-2: Rolling
paratus

2497-1, Railway applications — Insulation.coordination — Part 1: Basic requireme
rances and creepage distances for all elegtrical and electronic equipment

2498-1:2010, Railway applications-5* Environmental conditions for equipment — P:
bment on board rolling stock

'erms, definitions and abbreviated terms (see also Annex A)

he purposes of this document, the following terms and definitions apply.

SSes:

FC Electropedia: available at http://www.electropedia.org/
bO Online browsing platform: available at http://www.iso.org/obp

etion

trical

stock

nts —

art 1:

wing

3.1
3.1.1

|_General

rolling stock

all th

e vehicles with or without motors

Note 1 to entry: Examples of vehicles include a locomotive, a coach and a wagon.

[SOURCE: IEC 60050-811:2017, 811-02-01]

3.1.2

vehicle
single item of rolling stock
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Circuits

power circuit
circuit carrying the current of the machines and equipment, such as the converters and

tracti

on motors, which transmit the traction output

[SOURCE: IEC 60050-811:2017, 811-25-03]

2017

3.2.2
main circuit
all the conductive parts of a device carrying the current for the function to which thisd

has

3.2.
auxi
circu

[sou

3.2.4

cont
circu

[sou

3.2.5
indig
circu
exist

[sou

3.3

3.3.1
batt€
elect

een applied

iary circuit, <of a train>
t carrying the current of the auxiliaries such as the compressors and fans

RCE: IEC 60050-811:2017, 811-25-05]

Fol circuit, <of a train>
t used to actuate the power or auxiliary equipment

RCE: IEC 60050-811:2017, 811-25-12]

ating circuit
5 or not (for example a signal indicating a failure in the electrical equipment)

RCE: IEC 60050-811:2017, 814-25-14]

Battery supplied equipment

ry
fochemical system/ capable of storing in chemical form the electric energy received

whiclh can give it back by reconversion

3.3.2
battg
seco

ry onsfloat <charge>
ndary battery whose terminals are permanently connected to a source of con

Bvice

t transmitting a signal indicating or recording whether a particular operating condition

and

stant

volta

e sufficient to maintain the battery approximately fully charged, and which is intend

ed to

supply power to an electric circuit, if the normal supply is temporarily interrupted

Note 1 to entry: The battery is absorbing a float charge current in this mode.

[SOURCE: IEC 60050-482:2004, 482-05-35, modified — Note 1 to entry has been added.]

3.3.3
float

charge battery system

equipment mostly operated with the battery on float charge

3.3.4

battery off charge system
equipment mostly supplied while the battery is not being charged
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3.4 Test categories

3.4.1
type test
conformity test made on one or more items representative of the production

[SOURCE: IEC 60050-811:2017, 811-10-04]

3.4.2
routine test
conformity test made on each individual item during or after manufacture

[SOYRCE: IEC 60050-811:2017, 811-10-05]

3.4.3
sampling test
test gn a sample

[SOYRCE: IEC 60050-811:2017, 811-10-06]

3.4.
investigation test
speclal test of an optional character carried out in order to ebtain additional information

[SOURCE: IEC 60050-811:2017, 811-10-07]

3.4.5
expagsed conductive part
condypctive part which can readily be touchedvand which is not normally alive, but which| may
become alive under fault conditions

[SOURCE: IEC 60050-441:1984, 441-11-10, modified — Note has been deleted.]

3.5 | Characteristic quantities

3.5.1
limit{ng value
greafest or smallest.admissible value of a quantity in a specification of a component, dqgvice,
equipment, or system

[SOYRCE: IE€-60050-151:2001, 151-16-10, modified — The order of phrases has peen
chanped.]

3.5.2
nominal value
value of a quantity used to designate and identify a component, device, equipment, or system

Note 1 to entry: The nominal value is generally a rounded value.

Note 2 to entry: In this document, the term "nominal" is used only as common practice to designate contact line
and battery voltage circuits.

[SOURCE: IEC 60050-811:2017, 811-11-01, modified — Note 2 to entry has been added.]
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rated value
value of a quantity used for specification purposes, established for a specified set of operating

cond

itions of a component, device, equipment, or system

[SOURCE: IEC 60050-811:2017, 811-11-02]

3.5.4

equivalent continuous duty
duty of electrical equipment on rolling stock, which corresponds to the actual service,
generally characterized by values of current, voltage, compressed air pressure, etc., which

vary with time

Note { to entry: The various parts of the equipment are defined by a complete statement of the conditions| to be
fulfilled. However, it is sometimes sufficient to specify an equivalent duty which corresponds from the point df view
of either electrical, mechanical or thermal stresses to the service considered, and is known ascbeing equivalent to
the actual service. It is the equivalent continuous duty to which the relevant tests are referred(

3.5.5

equiyalent continuous rated current

currgnt corresponding to the equivalent continuous duty

3.6 | Terms related to lifetime

3.6.1

ageing

chanpe with passage of time of physical, chemical or electrical properties of a component or
modyle under specified operating conditions, which*may result in degradation of significant
perfdrmance characteristics

Note 1 to entry: This entry was numbered 393-18-41\in IEC 60050-393:2003.

[SOYRCE: IEC 60050-395:2014, 395-07100]

3.6.2

endurance

ability to withstand the action of ageing factors

Note { to entry: The endurance may be characterized by the results of accelerated ageing tests.

[SOYRCE: IEC 60050-212:2010, 212-12-08]

3.6.3

thermal endurance

ability te 'withstand the action of temperature

[SOURCE: IEC 60050-212:2010, 212-12-09]

3.6.4

durability
ability to perform as required, under given conditions of use and maintenance, until the end of
useful life

Note 1 to entry: For the purpose of this document, "durability” is used in order to express the expectancy
life duration (time or number of operating cycles) which can be performed by the equipment before repair or

replac

ement of parts.

[SOURCE: IEC 60050-192:2015, 192-01-21, modified — Note 1 to entry has been added.]

of the
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3.7
AC
DC
EMC
RMS
PD
ov
VC

Abbreviated terms
Alternating Current
Direct Current
Electromagnetic Compatibility
Root Mean Square value
Pollution degree
Overvoltage category
Voltage Class

4 (

This
giver

Equi
contn

5 (

5.1

The
in th

parameters:

O

[}
<

NOTE|
5.2
5.2.1

The
equip

Classification

clause is intended to list the characteristics of equipment on which information ma
by the manufacturer and which shall be verified by testing where relevant.

bment covered by this document is classified, according to the”\supply source
ol and auxiliary circuits. Details are given in 5.3.3.2.

Lharacteristics of the utilization category

General

itilization category of equipment defines the intended application and shall be spe
e relevant product standard; it is characterized by one or more of the follg

irrent(s);
bltage(s);
equency(ies);

r pressure(s).

hlso Annex A.

This list is not exhaustive and can include other parameters as applicable.
Rated voltages

General

ment. The quantity is assigned generally by the manufacturer.

y be

of its

cified
wing

term-rated voltage can generally be related to both the input and output valug¢s of

5.2.2

Rated operational voltage (U,)

The rated operational voltage of equipment is a value of voltage which combined with a rated
operational current and rated operational frequency, determines the application of the
equipment and to which the relevant tests and the utilization categories are referred.

NOTE

5.2.3

Symbol U, was used in the first edition of IEC 60077-1. U, is used in IEC 61992-1.

Rated insulation voltage (Uy,,)

Definition of a rated insulation voltage is given in IEC 62497-1.

The rated insulation voltage is the value of voltage to which rated impulse voltage and
creepage distances are referred.
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When the voltage is not purely of sinusoidal or of continuous form, the RMS or mean value
alone cannot be considered to prescribe the rated insulation voltage of the components.

In the absence of any knowledge of the influence on dielectric strength of:

o the ratio between the duration of periodic impulses and their repetition period;

e the number of impulses during each burst;

e the voltage rate of rise of the impulse (dv/dz),

it is recommended that this voltage be considered as being equal to the real RMS value, but

O/

4l o XaY £ 4l 1 l
not lgss-than—+6-%of the pearkvarte:

5.2.4 Power-frequency test voltage (U,)

The

power-frequency test voltage is the RMS value of power-frequency sinusoidal vo

whiclh does not cause an insulation failure under specified conditions of test,

U,

o IS

given in IEC 62497-1.

5.2.5 Rated impulse voltage (Uy;)

Definfition of a rated impulse voltage is given in IEC 62497-1:

The
test

5.3
5.3.1
The

ated impulse voltage is used for determining minimum required clearances and dielg
oltages.

Rated voltages for electric equipment
Equipment supplied by a contactline

ated operational voltage (U,) for €quipment supplied from the contact line is the hi

permianent voltage (U, ,x1) Of the contact line voltage as defined by IEC 60850.

5.3.2 Equipment supplied by a transformer

The
equa
supp
abov
to th
seco

ated operational voltage (U,) for equipment supplied from a winding of a transforn
| to the RMS voltage at the terminals of the winding when the transformer prime
ied at the rated(operational voltage. If a second transformer is interposed betwee
e-mentioned transformer and the equipment, the rated operational voltage (U,) is §
e above-mentioned rated operational voltage multiplied by the transformer ratio o
nd transferier.

5.3.3 Equipment supplied by DC low voltage sources

5.3.3+——Nomimat voitages

Itage

bctric

jhest

eris
ry is
h the
equal
f the

This subclause applies to the equipment supplied from the voltage bands | and band II

acco

rding to IEC 61991.

The nominal voltage (U,) is only used to designate the circuits and the equipment and should
be selected from the following preferred values:

Othe

24V, 72Vor110V

r voltages may be used upon agreement between the user and the manufacturer.

NOTE These nominal voltage values are given only as standardizing values for the design of the equipment. They
are not considered as the off-load battery voltage which will be determined as functions of the type of battery, the
number of cells and the operating conditions.
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5.3.3

.2 Voltage ranges

Equipment covered by this document is classified as follows, according to the supply source

of its

control and auxiliary circuits:

e type VC1: equipment supplied by a float charge battery system;

e type VC2: equipment supplied by a battery off charge system;

e type VC3: equipment not supplied directly by an onboard battery, but supplied by e.g. a
generator, alternator or electronic converter.

Table_1 _shows the voltage ranges and rated operational voltage (U,) for control circuit and
auxillary circuit for each equipment type. The values for Type VC3 are valid for a stab|lized
voltapge source.
Table 1 — Voltage ranges for control circuits and auxiliary circuits
Classification Minimum equipment Rated operational Maximum equipmeént
voltage voltage (U,) voltage

Type VC1 0,7 U, 1,15 U, 1,25 U,

Type VC2 0,7U, 1,10, 1,25 U,

Type VC3 0,85 U, 1,00, 1,10,
NOTE| 1 Basically the battery for Type VC1 equipment is used in.eharging mode. The voltage can be lower than
the flgat voltage for short periods of time, e.g. before starting the _charging equipment, during the battery vpltage
buildup or during the contact line interruption.
NOTE| 2 Basically the battery for Type VC2 equipment¥is‘used in discharging mode. The battery voltage will
reducg over time.
NOTE|3 The voltage of Type VC3 equipment is not the voltage supplying the generator, alternator or elegtronic
converter itself.
NOTE|4 Voltage range of Type VC1 and Fype VC2 is same, but the evolution of the voltage during operafion is
differgnt regarding the lifetime of the equipment.
NOTE|5 The rated operational voltage-is used for calculation of losses, power consumption, temperature risg, etc.
5.4 | Rated currents for equipment
5.4.1 Rated operational current (1)
The fated operational current of equipment is stated by the manufacturer and takesl into
accopnt the rated operational voltage and rated operational frequency.
5.4.20 , Rated short-time withstand current (1,,)
The rated—short=time withstand——current of equipment IS the Vvalue OT Snhort-time WIitn tand

current assigned to the equipment by the manufacturer that the equipment can carry without
damage.

The rated duration (z;,) of equipment used is the value of the interval of time for which
switchgear and controlgear can carry, in the closed position, a current equal to its rated short-
time withstand current.

5.5

Rated operational frequency (f,)

The rated operational frequency of equipment is stated by the manufacturer and takes into
account the rated operational voltage.
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5.6 Rated air pressure

The rated pressure of the air supply to pneumatic or electro-pneumatic equipment is the
greatest limiting value of the range of the regulating device and to which the relevant tests are
referred.

6 Product information

6.1 Nature of information

The following information shall be given by the manufacturer for each item of the electric

equipment when required by the relevant product standard:

a) identification

—| manufacturer's name or trade mark;
—| type designation or serial number;
—| modification status;

—| reference of the relevant product standard, if the manufactirer declares compliance
with it.

b) characteristics

The following list is not exhaustive and should be applied as appropriate:
—| rated operational voltage(s);

—| rated insulation voltage;

—| rated impulse voltage;

—| rated operational current(s) at the rated>operational voltage(s);

—| rated operational frequency(ies);

—| maximum current consumption oZmaximum power consumption;

—-| number of operations for mechanical and electrical durability with reference t¢ the
relevant product standard;

—| rated performance in-overload and/or fault conditions with reference to the rel¢vant
product standard;

—| 1P code in the case of enclosed equipment (according to IEC 60529);

—| degree of poltution acceptable for the equipment (according to 7.9);

—| rated voltage(s), rated frequency(ies) and rated current(s) of the control circuit(s);
—| rated @it pressure and pressure variation limits (for equipment with pneumatic confrol);
—| overall dimensions;

—| <minimum size of the enclosure and, if applicable, data concerning ventilation, to which
threTated characteristicsappty;

— minimum distance between the equipment and its enclosure;

— minimum distance between the equipment and the metal parts connected to the vehicle
structure for equipment which are intended for use without an enclosure;

— weight.

Some of this information may be supplemented by the value of the ambient air temperature at
which the equipment was calibrated.

6.2 Marking

All relevant information, as detailed in 6.1, which is to be marked on the equipment, shall be
specified in the relevant product standard.
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The following markings on the equipment are mandatory:

— manufacturer's name or trade mark,

— type designation,

— serial number or date or code of manufacture.

These are preferably marked on the nameplate, if any, in order to permit the complete data to
be obtained from the manufacturer (traceability). The markings shall be indelible and easily
legible.

6.3

The
stora
fault.

If ne
equif

corrg

Thes|
any.

Equi

! ions £ installati . ! mai

manufacturer shall specify in his documents or catalogues the instructions, if\any
ge, installation, operation and maintenance of the equipment during operation'and a

cessary, the instructions for the storage, transport, installation and -operation o
ment shall indicate the measures that are of particular importance” for the proper
ct installation, commissioning and operation of the equipment.

e documents shall indicate the recommended extent andfrequency of maintenan

bment covered by this document may not necessarily be designed to be maintained.

7 Normal service conditions

71

Clau
1:201
envir
cond

General

e 7 defines service conditions.. So0me of service conditions are stated in IEC 62
0 and some others are taken.from other stated references. In the event of

pnmental conditions applying.these should be selected from IEC 62498-1:2010 a
tions in IEC 62498-1:2010are insufficient, those should be selected from IEC 6072

if appropriate.

, for
ter a

f the
and

ce, if

498-
bther
nd, if
1-3-5

rther

and

The following list is noftexhaustive and IEC 62498-1:2010 and IEC 60721-3-5 give fy
parameters.

The [normal service conditions are a combination of environmental, operational
installation conditions.

7.2 | Altitude

The equipmemntisTormatty tofunctiom i the—specifiedattitudeTange.Ctass At of =at

range as given in IEC 62498-1:2010 shall apply, unless otherwise specified.

itude

For installation at higher altitudes, it is necessary to take into account the reduction of the
dielectric strength and of the cooling effect of the air. The equipment so used should be
designed or used according to an agreement between the user and the manufacturer.

NOTE Regarding the reduction of the cooling effect of the air with altitude, the higher temperature rise at higher
altitude is usually compensated by the reduced maximum ambient temperature at higher altitude. Guidance can be

found,

for example, in 5.1 of IEC TR 60943:1998/ AMD1:2008.
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7.3 Temperature
7.3.1 Ambient temperature

The ambient air shall be considered as being that surrounding the device, and will differ
according to the location where the device is fitted.

The class of ambient temperature, at which the electric equipment will operate, shall be given
according to Table 2, unless otherwise specified. Class T1 shall apply, unless otherwise specified.

For internal locations, the ambient air temperature (7,) is the external ambient temperature
increpSed by the air temperature rise due to the localized thermal loSses arter taking into
cons|deration the normal conditions of cooling.

Table 2 — Classes of air temperatures

Classes Air temperature Inside vehicle Inside cubigle
(Typical application area) external to compartment temperaturne
vehicle temperature
°C °C °C
T -25 +40 —-25_#50 -25 +70
(e.g. middle Europe)
T2
-40 +35 <40 +45 -40 +65
(e.g. northern Europe)
T3
-25 +45 -25 +55 -25 +70
(e.g. southern Europe)
T4 10 <40 10 +50 10 +70
(mild climate area in mid-latitude)
T5
. 5 +45 +5 +55 +5 +70
(tropical area except desert)
T6
. . -20 +55 -20 +65 -20 +75
(tropical area in desert)
TX —-40 +50 -40 +60 —-40 +75

NOTE|1 This Table is derived from JEC 62498-1:2010, Table 2.

NOTE|2 Storage temperatures“are not considered as normal service conditions unless they have been statef.

For gach of the various internal parts of the car body, engine compartment, cubicle, box,|etc.,
the dir temperature ‘rise may be different. When this value is neither specified by a rel¢vant
document nor known it shall be considered that it does not exceed 30 K during functioning.

If thg devices are used in a higher average ambient temperature than that designed, |their
perfdrmance needs to be derated.

For altitude class AX in IEC 62498-1:2010, the dependency between altitude and temperature
shall be provided by the user through a temperature distribution for each relevant range (e.g.
0O mto 1000 mand1000mto2000m).

7.3.2 Reference temperature

A reference temperature (7,) (equivalent continuous surrounding air temperature or cooling
medium temperature) is considered as being the permanent temperature for which the effects
on material ageing are equivalent to those of the service temperature during the lifetime. It
can be used for lifetime and reliability calculation.

a) Either, it shall be taken as 25 °C for exterior location according to Class TR2 of Table 3 in
IEC 62498-1:2010, unless otherwise specified;
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b) or, it shall be taken as 30 K increase to external reference temperature for interior location
unless otherwise specified;

c) or it may be calculated by the manufacturer on the basis of the temperature distribution
provided by the purchaser.

NOTE 1 Thermal ageing is an exponential function of temperature (e.g. see IEC 60216 for insulating materials),
i.e. the reference temperature is usually higher than the arithmetic mean temperature.

NOTE 2 For interior locations, the temperature distribution depends strongly on the load and the related heat
dissipation.

7.4  Humidity

Hum{dity is defined in IEC 62498-1:2010, 4.4.

7.5 | Biological conditions

Riskg of biological attack as defined in IEC 60721-3-5, class 5B2.

7.6 | Chemically active substances

Chemically active substances are present as defined in IEC 60721z3-5, class 5C2 for salipity
or other chemical substances. Cleaning products shall be specified-bythe purchaser.

7.7 | Mechanically active substances

Mechanically active substances are present as defined~in IEC 60721-3-5, class 5S2.

7.8 | Vibration and shock

Equipment is submitted to vibration and shéck throughout the range of frequencies| and
acceleration levels experienced in service as‘required in I[EC 61373.

7.9 | Exposure to pollution

According to its location the equipment is exposed to various levels of pollution.

Pollution degree (PD) is .classified as PD1 to PD4 and shall be taken into accourt for
detelimining clearance and creepage distances. Details are given in IEC 62497-1.

7.10| Exposure to overvoltages

The Electricalequipment is exposed to overvoltages from the external supply netwofk or
generated by-the equipment itself, for example switching transients, lightning, etc. Their levels
are diffeneént according to the part of the equipment considered.

Overvoltage category (OV] s classified as OV T to OV4.

Details are given in IEC 62497-1.

8 Constructional and performance requirements

8.1 Constructional requirements
8.1.1 Protective provisions against electrical hazards

Protective provisions against electrical hazards shall be made according to IEC 61991.
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8.1.2 Batteries

During charge and discharge, the battery compartment may need to be vented in order to
ensure that the concentration of hydrogen produced by electrolysis of the water remains
below the 4 % threshold.

If needed, it is essential that impediments to air changes are minimized, and the air outlet
should lead into the open air. Air inlet and outlet openings shall be located at the best
possible location, i.e. in the opposite walls of the enclosure.

Cables between the battery and the downstream fuses shall be as short as possible.

8.1.3 Fire protection

Circdits and equipment constituting risks of ignition shall be effectively protected.

Materials shall produce only a small quantity of smoke of minimal opacity )and toxicity. (limits
shall|lbe considered.)

Combustible materials shall be kept away from sources of heat-They shall be selectg¢d to
guarantee good resistance to fire.

To gdrevent the propagation of fire, special provisions may be specified with regard to
installation (fire-break partitions, extinguishers, etc.).

NOTE| Requirements of fire protection are different depending @h countries, regions.
For edample, for European countries EN 45545 series are applicable.

8.1.4  Other risks

Accefsible parts which are likely, duringonormal service, to rise to a temperature in excess of

the limits stated in Table 5 shall 'be protected by a barrier forming an obstacle.| The
tempgrature of the barrier shall notiexceed the specified limit.

Accefs to parts continuously in ' motion (fans, rotating machines, etc.) or to those parts whose
unexpected motion is likely to constitute a hazard shall be prevented by suitable bafriers
giving at least IP20 protection according to IEC 60529.

8.2 | Performance.requirements
8.2.1 Operating conditions
8.2.1|1 General

All liriting—vataes—of supply—veltage—airpressure—airtemperature—ete—thatean—infldence
operation may occur simultaneously. All equipment shall operate satisfactorily in the worst
combination of these limiting values. The following requirements apply with the ambient air

temperatures defined in 7.3.1.

8.2.1.2 Equipment supplied by a contact line

Equipment which is supplied directly by a contact line shall operate satisfactorily at any value
of supply voltage as defined in IEC 60850.

8.21.3 Equipment supplied by a transformer

Equipment which is supplied by a transformer shall operate satisfactorily at any value of
supply voltage multiplied by the transformer ratio (or ratios).
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8.21.4 Equipment supplied by a float charge battery system (Type VC1)

Equipment shall operate satisfactorily when energized over the voltage range listed
in Table 1.

Voltage fluctuations (for example, during start-up of auxiliary equipment or voltage oscillations
of battery chargers) lying between 0,6 U, and 1,4 U, and not exceeding 0,1 s shall not cause
deviation of function.

Voltage fluctuations lying between 1,25 U, and 1,4 U,, and not exceeding 1 s shall not cause
damage; equipment may not fully function during these fluctuations.

In th¢ case of thermal engines, see also 8.2.1.9.

8.2.15 Equipment supplied by a battery off charge system (Type VC2)

Equipment which is supplied from a battery off charge system is classified as type VC2 and
shallloperate satisfactorily when energized over the voltage range listed/in’ Table 1.

8.2.1[.6 Equipment not supplied directly by an onboard battery (Type VC3)

Equipment shall operate satisfactorily when energized over the voltage range listed
in Taple 1.

Equipment shall operate satisfactorily at the frequency. from the minimum to the maximum
valug that the supply source is capable of producing;

Voltgge fluctuations lying between 0,6 U, and 1,4 U, and not exceeding 0,1 s shall not gause
devigtion of function.

Voltgge fluctuations lying between 0,7, and 1,25 U,, and not exceeding 1 s shall not gause
devigtion of function.

8.2.1|.7 Traction power supplied by a battery

When the traction power supply voltage is provided by a battery having special arrangements
for the correction of «voltage variation (i.e. different cell groupings on charge ang on
discHarge), a relaxation' of the limits specified in 8.2.1.4 may be allowed by agreement
between the user and’the manufacturer.

8.2.18 Ripple factor

Equipment,can receive a pulsating voltage, the DC ripple factor of which, unless othefwise
stated, shall be not greater than 5 % calculated from the following formula:

DC ripple factor = Umax =Umin__ 100

max 1t Ymin

where U, and U, are the maximum and minimum values, respectively, of the pulsating
voltage.

8.21.9 Low battery voltage

Precautions shall be taken to avoid equipment damage due to the reduction and the return to
the normal range of the voltage caused by progressive and complete discharge of the battery
or by interruption of the supply. At the start-up of thermal engines no mal-operation of
equipment shall occur during the whole starting sequence.
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8.2.1.10 Air pressure

Pneumatic and electropneumatic equipment shall operate satisfactorily at an air pressure
which may vary between the following limits specified by the manufacturer:

— the minimum limiting value which can guarantee to start and maintain the vehicle in
service (functioning) when the compressor is momentarily out of service (short supply-
voltage interruptions);

— the maximum limiting value, which is the rated air pressure as described in 5.6.

The ratio between the maximum and the minimum value of the air pressure shall not exceed
1,8.

Howgver, in case of failure of the regulating device, the equipment may be supplied gt the
operating air pressure of the safety valve.

8.2.2 Temperature limits
8.2.211 General

The femperature due to operation of the parts of equipment, and’measured during g test
carrigd out at the equivalent continuous rated current or (specified currents undef the
condjtions specified in 9.3.2, shall not exceed the limits stated in Table 3, Table 4| and
Tabl¢ 5.

The femperature limits given in Table 3, Table 4 and Table 5 apply to equipment tested i new
and ¢lean conditions. Different values may be prescribed by product standards for different
test gonditions.

Temperature in normal service may differ from the test values, depending on the installation
condjtions and size of connected conducters.

Addifional temperature-rise tests in the actual service conditions (intermittent servige at
diffedent values of current with time) may be made subject to agreement between the
manyfacturer and the user to eqsure that the different overloads will not cause damage tp the
equipment.

For quch tests, the temperature limits may be different from those given in Table 3, Taple 4
and Table 5 and will-be‘dependent on limit stresses for materials employed.

Additllioonal requirements may be necessary to take into account limited time thermal strgsses
due to:

— al|shorttime of very limited cooling when the equipment starts and stops;

— alreducedefficiency of the cocling—system {for exampleblocked filter—for a—spedified,
small fraction of the total operating time or for a specified, short period for each
occurrence.

These additional requirements should be adequately specified by the user as a service
condition (see 8.2.3).

The determination of temperature rise limits shall be based on the reference temperature (7)
given in 7.3.2.

8.2.2.2 Main circuit

The main circuit of equipment shall be capable of carrying the rated operational current of the
equipment without the temperatures exceeding the limits specified in Table 3, Table 4 and
Table 5 when tested in accordance with 9.3.2.
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NOTE For switchgear, the conventional thermal current defined in IEC 60077-2 is used for temperature rise tests
instead of the rated operational current.

8.2.2.3 Control circuits

The equipment shall satisfy the tests specified in 9.3.2 without the temperatures exceeding
the limits specified in Table 3, Table 4 and Table 5.

8.2.2.4 Auxiliary circuits

Auxiliary circuits of equipment, including auxiliary switches, shall be capable of carrying their
rated operational current without the temperatures exceeding the limits specified in Table 3,
Tabl¢ 4 and Table 5, when tested in accordance with 9.3.2.

NOTE| If an auxiliary circuit forms an integral part of the equipment, it suffices to test it at the same time ps the
main ¢quipment, but at its actual operational current.

8.2.2,5 Electrical insulating materials and systems
8.2.205.1 Classification of insulating materials

The |jnsulation life time is defined as the total time between the(initial state for whicl the
normial component insulation is considered new and the final state-when, due to many factors
whicl are met or occur in normal service, there is a high risk of ‘electrical failure.

The @geing factors are described in IEC 60505, e.g. thepmal ageing, dielectric and mechgnical
stresges (vibration, thermal cycling, etc.), deleterious~atmospheres and chemicals, moigture,
dirt, radiation, etc.

As tgmperature is very often the dominating ageing factor, standards have introduced thg¢rmal
clasdes (IEC 60085) and methods to.~€haracterize thermal endurance propgrties
(IEC[60216-1).

The (different classes of solid materials (EIM — Electrical Insulating Material) and systems
(EIS |- Electrical Insulating System).used for the insulation of electric equipment to which this
document applies are defined in™JEC 60085 and listed in Table 3.

The fthermal class of the-solid materials used for the insulation of the windings shall be
indicated by the manufacturer.

The thermal class_of the solid materials used for the insulation of other parts should be
indicated by theymanufacturer.

8.2.2.5.2 Temperature limits

The femperature limit of an insulating system for 20 000 h lifetime is equal to the thg¢rmal
class as listed in Table 3. This limit applies to the hotspot, which sustains the highest speed
of thermal ageing. Temperature measurements aim at determining hot spot temperatures.

NOTE 1 The basic principles of insulation lifetime and thermal ageing, leading to thermal classification of
insulating materials and systems, and to their temperature limits, are summarized in IEC 60310:2016, Annex B.

Other limits may be adopted by agreement between the user and the manufacturer when
certain combinations of insulating materials are used.

A temperature rise limit, equal to the admissible temperature minus the reference temperature
in 7.3.2, may be used for testing convenience. Table 3 gives examples of temperature rise
limits for given reference temperatures.

For lifetimes longer than 20 000 h, the maximum temperature limit in operation shall be
lowered.
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For operation and lifetime shorter than 20 000 h, the maximum temperature shall not exceed
the limit shown in Table 3.

Lifetime and temperature limits should be calculated, as a minimum for windings, according to
the reference temperature stated in 7.3.

NOTE

2 An example of lifetime calculation can be found in Annex C.

NOTE 3 Table 3, Table 4 and Table 5 are not applicable to temperature rise of parts of equipment which are

immer

sed in insulating liquid, for which a guideline can be found in IEC 60310:2016.

Table 3-T limits of electrical insulati

Temperature limits Temperature limifs
for 20 000 h lifetime for short time operation 2
Admissible Examples of temperature rise General Windings

Theirr'r:lllactli?‘ss of temperature limits for a reference °C (NOTE )

systemg °C temperature 7, °C

(NOTE 1) (NOTE 2)
T,=25°C T,=55°C
K K

105(A) 105 80 50 120 130

120(E) 120 95 65 135 145

130(B) 130 105 75 145 155

155(F) 155 130 100 170 180

180(H) 180 155 125 195 205

200(N) 200 175 145 215 225

220(R) 220 195 165 235 245

250 250 225 195 265 No guidance

NOTE 1 This is the value of the temperature,index, the number of which is equal to the temperature, exprg¢ssed
in deprees Celsius, derived from the thermal_endurance relationship for a given time, normally equal to 20 (00 h
(see |EC 60216-1).
NOTE 2 The temperature rise limits-\are given as an example for exterior location (7, = 25 °C) and interior
locatipn (7, = 55 °C).
NOTE 3 The temperatures listéd are according to Table 3 of IEC 60310:2016 for dry-type windings.
Other temperature limits for windings can be found e.g. in IEC 60349 series for traction motors.
a8  Temperature limits applicable to a small fraction of total lifetime, e. g. degraded mode operation.

8.2.2.6 Terminals

The

connections specified (bar or type of core, insulation and section) by the manufacturer.

The

temperature of terminals shall not cause damage to adjacent parts of the equipment.

temperature rise of terminals shall not exceed the values stated in Table 4 with the
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Table 4 — Temperature limits of terminals

Terminal material Maximum Examples of temperature rise limits for
temperature maximum air ambient temperature of
°C

40 °C (T, = 25 °C)
K

70 °C (7, = 55 °C)
K

Bare copper
Bare brass
Tin-plated copper or brass

Silver-plated or nickel-plated copper or brass

105 (see NOTE 1)

60
65

70 (see NOTE 3)

30
35

40 (see NOTE 3)

Other|

metals (see NOTE 4)

NOTE

NOTE

1 The maximum temperature is defined only for tin-plated copper or brass.

2 The temperature rise limits are given as examples for exterior location with 7, = 25 °I€ and for if

terior

locatibn with 7, = 55 °C when the air temperature rise due to the local losses is unknown (see 7.3). These|limits
apply|to a new sample (see 8.2.2.1).

NOTH 3 The terminal temperature rise limit is based on the connection of cables, the temperature index of which
is 90 [C. Other values may be necessary if the cable temperature index is different.

NOTH 4 Temperature rise limits are based on service experience or life testcbut are not to exceed 70|K for
T.=2b °C (see also NOTE 3).

8.2.2.7 Accessible parts

The femperature of accessible parts in normal use&l of the equipment shall not exceed the
valugs stated in Table 5.

Tabl¢ 5 applies only for accessible surfaces.which are not defined in the other tables ih the

docu

ment.
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Table 5 — Temperature limits of accessible parts

Accessible parts Maximum Examples of temperature rise limits for
temperature maximum air ambient temperature of
°C
40 °C (T, = 25 °C) 70 °C (T, = 55 °C)
K K
Manual operating means:
— metallic 55 15 Not applicable
— non-metallic 65 25 Not applicable
Parts intended to be touched but not hand-held:
— netallic 70 30 Not recommepded
— npn-metallic 80 40 10
Parts| which need not be touched for normal
operation:
— metallic 80 40 10
— npn-metallic 90 50 20
Parts| not intended to be touched during normal
opergtion
Exterjors of enclosure adjacent to cable entries:
— metallic 80 40 10
— npn-metallic 90 50 20
Exterjors of enclosure of equipment, for 200
example resistors
Air ispuing from ventilation openings of 200
enclgsures of equipment for example resistors
The pquipment shall be protected against contact with combustible materials or accidlental
contgcts with personnel. The temperature rise limit of 200 K may be exceeded by agreement
betwgen the user and the manufacturer. Guarding and location to prevent danger is the

resp(

inforgnation, in accordance with.6.3.

8.2.2,

The
caus

8.2.3

Whe

8 Other parts

bd to adjacent.parts.

Operation following inactivity

nsibility of the manufacturet-fitting the item. The manufacturer shall provide appropriate

emperature rise ;of other live-parts is limited only by safety and damage which could be

N 4he” rolling stock has been inactive it may take some time to reach its n¢rmal

operatinnal state F)uring this time the pquipmpnt shall aperate but some aspects a the
performance may not be fully compliant. Those aspects shall be agreed or specifically
defined, if necessary, between the user and the manufacturer.

For example, the temperature of some parts of the equipment may be greater or lower for a
short period than the highest or lowest allowable for normal operation.

Nevertheless, such situations shall not cause damage to the equipment itself and shall not
cause any hazard to adjacent parts.

Storage conditions are not considered as transient operation and, if outside the normal range,
they shall be agreed between the user and the manufacturer.
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8.2.4
EMC

8.2.5

The

Electromagnetic compatibility (EMC)

requirements for rolling stock are given in IEC 62236-3-2 for apparatus.

Acoustic noise emission

maximum acoustic noise emitted by the equipment shall be specified by the vehicle

designer in order to comply with the level required by the user of the whole rolling stock and
for the location considered (outside, inside passenger compartment, etc.).

For t

his, the component manufacturer shall provide, if required, the noise levels emitted by

the €

8.2.6

Guid
rated

q

-

- C
8.2.7

Guid
base

8.2.8

Equi
volta
relev

generate switching overvoltages higher than the rated impulse voltage.

Equi

quipment In the conditions speciiied.

Clearances

ance for the determination of minimum clearances is given in |IEC 62497:1, basgd on
impulse voltage (Uy;) obtained by:

ted insulation voltage (Uy,,) and overvoltage category (OV), or

blculation or measurement of working peak voltage.
Creepage distances

ance for the determination of minimum creepage distances is given in IEC 624p7-1,
d on rated insulation voltage (Uy,), pollution degree (PD) and material group.

Switching overvoltages

bment shall not be subjected to switching“overvoltages higher than the rated impulse
pe. Also equipment shall not generate switching overvoltages higher than specified ip the
ant product standard. In the event\of there being no product standard, it shall not

bment having more than one\rated operational voltage and/or intended to be us¢d at

diffelent transient overvoltage Jlevels shall not generate switching overvoltages higher|than

the Iq

8.2.9

The

to the specified requirements where relevant.

Sped
test s

west transient overvoltage level at the corresponding rated operational voltage.

Operational performance

pquipment shall be capable of performing its rated duties under conditions corresponding

ific requirements and test conditions shall be stated in the relevant product standalrd or
pecification agreed between the user and the manufacturer, and may concern:

-t

4 ! £ ££ 1 [ ] + ol 4 P R ) : 4 h
C UptCTrativlial periurtintalive UITr=1oau 1T UTucT (U UTTTTUTTS I atc tial Uure TYUTPITICTit Tl t e

operational conditions when energized at the upper and lower limits of supply voltage
and/or air pressure specified;

— the operational performance on load during which the equipment shall operate at the
specified duty;

— the performance in overload or fault conditions;

— the mechanical and electrical durability.

The verification of operational performance may be combined in one or several sequences of

tests

if so stated in the relevant product standard.
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0 Ability to withstand vibration and shock

2017

The equipment shall be capable of withstanding the vibration and shock given by test

requi

rements (see 9.3.5).

9 Tests

9.1
9.1.1

Kinds of tests

General

Tests
wher

Tests

— t)

— Id

|
O o

i
(o]

The {ests shall be carried out by the manufacturer at his¢works or at any suitable laboratg

his ¢

9.1.2

Type
docu

Writt
many

If the
overl
spec
vehid
acce

If thg
wear

shall be made to prove compliance with the requirements laid down in this docun
e applicable, and in the relevant product standard.

are as follows:

pe tests which shall be made on a representative sample of the equipment;

utine tests which shall be made on each individual piece of equipment manufac
ccording to this document, where applicable, and the relevant product standard;

ampling tests which shall be made if called for in the relevant\product standard;

vestigation tests are special tests and shall only be made€, iffequired by the manufad
[ the user to test in greater detail any particular aspect.ofia design.

hoice, before the equipment is mounted on the xehicle.

Type tests

tests are intended to verify compliance of the design of a given equipment with
ment, where applicable, and with thetrelevant product standard.

bn documentation of type tests (proving compliance) shall be made available b
facturer.

se type tests comprisemechanical or electrical durability or performance verificatig

men(s). However\f this specimen is to be subsequently installed in an opera
le, an agreement between the user and the manufacturer shall prescribe its min
ptable condition for service.

y comprise only normal functioning and verification tests without incurring compg
thetests shall be carried out on one piece of equipment from the order.

nent,

ured

turer

ry of

this

the

ns in

pad or fault conditions'which may cause damage, they may be carried out on addiﬂional

ional
mum

nent

9.1.3

Routinetests

Routine tests are intended to detect faults in materials and workmanship and to ascertain the
proper functioning of the equipment. They shall be made on each individual piece of the
equipment including items that are to be subjected to type testing.

Details of the routine tests and the conditions under which they shall be made shall be stated
in the relevant clauses of this document and/or the relevant product standard where
applicable.

The routine tests shall not cause any damage.
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9.1.4

Sampling tests

If engineering and statistical analyses show that routine tests (on each product) are not
required, sampling tests may be made instead, if so stated in the relevant product standard.

They

9.1.5

shall comprise a sequence of tests as for the routine testing.

Investigation tests

Investigation tests are special tests of an optional character carried out in order to obtain
additional information. As opposed to type tests they are not intended to verify a requirement
and consequently they have no acceptance criterion.

An in
betw

9.1.6

The
repre

Unle

|
—

q

- €

|
)

r
S

—

vestigation test may be made either on the manufacturer's own initiative or by agree
ben the user and the manufacturer.

General test condition

equipment to be tested shall conform to all functional details with the design wh
sents.

5s otherwise stated in this document or in the relevant product_standard:
sts shall be carried out in the ambient conditions presentdat the test site;

Hch sequence of tests shall be made on equipment in@clean and new condition;

e manufacturer or under the relevant conditions “of installation envisaged on the r
ock.

The fest results shall be within the tolerances.stated in the relevant product standard.

9.1.7

Summary of tests

Lnent

ch it

Huipment under test shall be mounted complete €ither under the conditions prescribed by

blling

Tablg¢ 6 is a non exhaustive list of)tests which may be appropriate for electric equipment

withi

 the scope of this document.
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Table 6 — List of tests (as appropriate)

IEC 60077-1:2017 © IEC 2017

Test item Type test Routine test
Verification of constructional requirements 9.2.2 9.2.3
Verification of performance requirements 9.3
Operating limits and functional tests 9.3.1.1 9.3.1.2
Temperature rise test 9.3.2 -
Dielectric properties 9.3.3
Verification of clearance and associated solid insulation 9.3.3.2.1 -
Application of test voltage 9.3.3.2.2 -
Verification of creepage distances 9.3.3.2.3 z
Type test for equipment 9.3.3.2.4 -
Power frequency voltage test - 9.3.3.3
Operational performance capability 9.8.4
Air-tightness tests for pneumatic equipment 9.3.4.2
Leakage tests for hydraulic equipment 9.31433.1 9.3.4.3.2
Durability 9.3.4.4 -
Mechanical durability 9.3.4.4.2 -
Electrical durability 9.3.4.4.3 -
Check on the setting and operation of protective equipment } 9345
and relays (calibration) e
Vibration and shock 9.3.5 -
Electromagnetic compatibility (EMC) 9.3.6 -
Acoustic noise emission 9.3.7 -
Climatic tests 9.3.8 -
9.2 | Verification of constructional requirements
9.2.1 General
Unless specific, highen requirements are given in the product standard or different] and
replacing requirements are given in the customer's specification, the design of equipmen} and
components shallhcomply with each applicable requirement given in Clause 8 of| this
document. This—~compliance shall be capable of being proven (by visual examination,
meagurement, etc.) for properties where testing is not appropriate.
9.2.2 Type tests

Verification of compliance with the constructional requirements for the type test may concern:

— protective provisions against electrical hazards (8.1.1);
— ventilation of batteries (8.1.2);

— fire and smoke protection (8.1.3);

— clearances (8.2.6);

— creepage distances (8.2.7);

— other risks such as burning risks;

— climatic conditions.

NOTE The above list is not exhaustive.
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9.2.3 Routine tests
Verification of compliance with the constructional requirements for the routine test concerns:

— visual examination;

— measurement of resistance and impedance.

Measurement of the resistance of windings shall be made on all electro-pneumatic or electro-
magnetic control devices when cold if the variation of this resistance may affect operation.
Typical equipment includes magnet valves, servo-motors, voltage relays and electromagnetic
contactors.

The ||neasurements obtained for any given winding, when corrected to a temperature of-2p °C,
shalllnot vary from the specified value or, alternatively, from the mean of the values méagured
on thle first ten units tested. In the absence of a specific product standard, the tolerance [shall
be +8 %.

in the control, indicating and auxiliary circuits. The allowable tolerances, which vary accofrding

The {easurements of resistance are also made when cold on the various resistances insgrted
to th¢ application, shall be agreed between the parties concerned.

Whefe correct operation of apparatus in AC circuits depends‘on the impedance, meapure-
ments of resistance shall, if necessary, be accompanied by measurements of impedance
carrigd out with AC at the specified frequency.

the voltage drop across the terminals. The current.chosen for the test shall have a valde up

The\lweasurement of the main circuit resistance shal) be made with a direct current, recording
o]
to the rated current.

The fesistance of any apparatus shall not execeed the limit value fixed by the manufacturef.

9.3 | Verification of performance requirements
9.3.1 Operating limits and functional tests
9.3.11 Type tests

Operpting limits shall b&wverified as type tests.

The {ests shall hetcarried out, at both the lowest ambient temperature to which the apparatus
can be subjected-in service (or at which its correct operation is to be achieved) and 4t the
highest temperature it can attain.

Large.items, for example transformers, motors, cubicles, etc., shall only be subject to climatic

tests hy Qgrnnmnnf between the user and the manufacturer

In the case of electro-magnetic or electro-pneumatic apparatus, the tests consist of checking
20 times in succession, for each relevant combination of minimum and maximum values of
temperature, voltage and pressure, that after stabilization of its temperature, the apparatus
will operate satisfactorily within the limits of supply voltage and air pressure specified in 8.2.1.

A check shall also be made that the operation of the equipment is still satisfactory when
carried out under the most unfavourable combination of voltage, air pressure and temperature
obtainable within the limits specified in 8.2.1. In the case of equipment which operates at
different frequencies, the test frequency shall be specified.

NOTE In the case of electro-magnetic or electro-pneumatic apparatus, operation when hot at a voltage is
considered to be satisfactory if the apparatus when cold operates normally when it is supplied with the current
equal to that which would flow through the apparatus after 1 h of operation at the same voltage.
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This method is not, however, applicable to apparatus used for preparing the vehicle for service (electro-pneumatic
valve for pantographs, machine starting contactors, etc.) since this apparatus needs to meet special requirements
in general.

9.3.1.2 Routine tests

Functional tests shall be performed as routine tests.

Routine tests consist of verifying at ambient temperature the capability of the equipment to
operate satisfactorily at the rated supply voltage and air pressure specified in 8.2.1 or at more
appropriate values.

9.3.2 Temperature rise test
9.3.21 Ambient air temperature

The gmbient air temperature shall be recorded during the last quarter of the test period py at
least|two temperature sensing means, for example thermometers or thermogouples, edually
distriputed around the equipment at about half its height and at a distance“of about 1 m|from
the gquipment. The temperature sensing means shall be protected against air currents,|heat
radiation and indicating errors due to rapid temperature changes.

During the tests, the ambient air temperature shall be between #10 °C and +40 °C and |shall
not vary by more than 10 K.

Howgver, if the variation of the ambient air temperature exceeds 3 K, an appropriate
corrgction factor should be applied to the measuredytemperature of the parts, depending on
the thermal time-constant of the equipment.

9.3.2,2 Measurement of the temperature(of parts
9.3.2.2.1 General

The femperature of the different parts shall be measured by suitable temperature sepsing
means at those points most likely‘to attain the maximum temperature; these points may be
detefmined during a previous test with a current lower than the test current. These points
shall|be stated in the report,

Depgnding on the materials, shape and size of products, and their cooling medium, therel may
be a|significant temperature gradient between the actual hot spot and the location accegdsible
for tgmperature measurement (such as surface temperature) or the average temperature((e.g.
meagured indirectly in a coil by DC resistance variation).

In case the>maximum temperature cannot be accessed for direct measurement, indirect
meagurement shall apply.

The temperature sensing means shall not significantly affect the temperature rise. Good
thermal conductivity between the temperature sensing means and the part under test shall be
ensured.

The test shall be made for a time sufficient for the temperature rise to reach a steady-state
value. The time depends on the construction and the cooling method of the product. It shall
not exceed 8 h unless otherwise agreed. It is assumed that a steady state is reached when
the variation does not exceed 1 K per hour unless otherwise agreed.

9.3.2.2.2 Direct temperature measurement method

The temperature is measured directly with a temperature sensor (resistive thermometer,
thermocouple, temperature sensitive sticker, infrared camera, etc.).
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9.3.2.23 Indirect temperature measurement method

The temperature is derived from the measurements of other physical parameters such as
voltage, current, resistance, etc.

For example, for electromagnet coils, the method of measuring the temperature by variation of
resistance is generally used. This method provides the average temperature of a winding.

The temperature of the coils before beginning the test shall not differ from that of the
surrounding medium by more than 3 K.

The yalue of the average hot temperature (7,) of the winding may be obtained from the yalue
of the average cold temperature (7¢) of the winding as a function of the ratio of the¢ hot
resisfance (R,) to the cold resistance (R,) by the following formula:

Ry
Ty = 22.(7, + k)~ k
2 R1(1 )

where T, and T, are expressed in degrees Celsius and k is a reciprocal of the temperpture
coeffjcient of resistance at 0 °C for the material:

— fqr copper conductor: 234,5 °C;
— fgr aluminium conductor: 228,1 °C.

9.3.212.4 Calculation method of temperature

In suUch cases where the hot spot is not accessible, the temperature is measured, either by
the indirect method, or by the direct method, ata point close to the hot spot.

The {emperature difference between this-point and that of the hot spot shall be calculated, as
a mipimum for windings, when it is relevant to thermal ageing of the insulation system| The
calcdlation is based on data provided by the manufacturer of the equipment.

9.3.2.3 Temperature rise-of-a part

The {emperature rise of a part is the difference between the temperature of the part meagured
in adqcordance with 9.3:2.2 and the ambient air temperature measured in accordance| with
9.3.211.

9.3.24 Temperature rise of the main circuit

The |equipment shall be mounted as specified in 9.1.6 and shall be protected against
abnoymal.external heating or cooling.

Equipment having an integral enclosure and equipment only intended for use with a specified
type of enclosure shall be tested in their enclosures for the rated operational current. No
opening giving false ventilation shall be allowed.

For tests with multiphase currents, the current shall be balanced in each phase within £5 %,
and the average of these currents shall be not less than the appropriate test current.

Unless otherwise specified in the relevant product standard, the temperature rise test of the
main circuit shall be performed at the rated operational current and may be at any relevant
voltage. It may be necessary to take into account the influence of harmonic content in the
current waveform when determining temperature rise.

NOTE For switchgear, the conventional thermal current defined in IEC 60077-2 is used for temperature rise tests
instead of the rated operational current.
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When the heat exchange between the main circuit, the control circuit and the auxiliary circuits
may be of significance, the temperature rise tests stated also in 9.3.2.5 to 9.3.2.7 shall be
made simultaneously, in so far as this is allowed by the relevant product standard.

Tests on DC equipment may be made with an AC supply for convenience of testing but only
with the consent of the manufacturer.

At the end of the test, the temperature of the different parts of the main circuit shall not
exceed the limits given in 8.2.2.2 unless otherwise specified in the relevant product standard.

If the—temperature rise tests have not been performed-in-the specified -service conditions
g g g ’

additjonal calculations or tests may be agreed between the user and the manufacturer-

The {est connection of cables shall be made according to IEC 61992-1,0r for verification|for a
parti¢ular application, with the intended dimensions of connecting conductors.

Detalls of the test, such as type of supply, number of phases and ‘frequency (where
applicable), cross-sections of test connections, etc., shall form part of the test report.

9.3.2.5 Temperature rise of control circuits

The {emperature rise tests of control circuits shall be made with the specified current and, in
the ¢ase of AC, at the rated frequency. Control circuifs shall be tested at their rated
operational voltage.

Circdits intended for continuous operation shall be tested for a sufficient time for the
tempgrature rise to reach a steady-state value.

Circdits for intermittent duty shall be tested*as prescribed in the relevant product standarq.

At the end of these tests, the temperature of the different parts of the control circuits shajl not
exceged the limits given in 8.2.2.3 unless otherwise specified in the relevant product standfard.

9.3.2,6 Temperature rise'of coils of electromagnets

Coils| and electromagnets.shall be tested according to the conditions given in 8.2.2.4.

They| shall be tested)for a sufficient time for the temperature rise to reach a steady-state
valug.

The femperature shall be measured when thermal equilibrium is reached in both the main
circult and the coil of the electromagnet.

Coils and electromagnets of equipment intended for intermittent duty shall be tested as
prescribed in the relevant product standard.

At the end of these tests, the temperature of the different parts shall not exceed the limits
given in 8.2.2.4.

9.3.2.7 Temperature rise of auxiliary circuits

The temperature rise tests of auxiliary circuits shall be made under the same conditions as
those specified in 9.3.2.4 but may be carried out at any convenient voltage.

At the end of these tests, the temperature of the auxiliary circuits shall not exceed the limits
given in 8.2.2.4.
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9.3.3
9.3.3

Dielectric properties

1 General conditions

The equipment to be tested shall be mounted on a metal plate and all exposed conductive
parts (frame, etc.) which are connected to the vehicle structure in normal service shall be
connected to the metal plate.

Manual actuators of insulating material and integral non-metallic external parts which may be
touched during normal operation shall be covered by a metal foil connected to the frame of
the mounting plate. The foil shall be applied to all surfaces where these can be touched with

How
parts
they
highg

Durin

the sIandard testfirger

ver, it is not necessary to cover these parts by a metal foil if they are separated-ffon
by conductive parts which are connected to the vehicle structure in normal\service
are double insulated devices or if insulation failure cannot cause any-~electrical
r than 120 V DC or 50 V AC.

g the tests, it may be necessary to disconnect or to short-circuit some parts of the e

h live
or if
risks

quip-

ment| from the electrical stress. This shall be agreed between the user and the manufaciurer.
If any component or subassembly is not submitted to the dielectrigytest, its terminals shall be
grounded.

9.3.3.2 Type tests

9.3.312.1 Verification of clearance and associated solid insulation

Cleatances shall be verified by measurement, ot a dielectric test according to the method

desc

For 6
shall

NOTE|

9.3.3

The {

ibed in IEC 62497-1.

quipment with a rated impulse voltage (Uy;) greater or equal to 30 kV, solid insul
be verified by an impulse test at therated impulse voltage.

Partial discharge test methods havernot been included as they are still under consideration.
2.2 Application of-test voltage

est voltage shall betapplied as follows with the equipment mounted on a metal platd

prepared as specified/in"\9.3.3.1:

btween all the terminals of the main circuit connected together (including the contro
Lixiliary circuits connected to the main circuit) and the frame or mounting plate, wit
bntacts in\all normal positions of operation;

btween. each pole of the main circuit and the other poles connected together and t
ame or mounting plate, with the contacts in all normal positions of operation;

ation

and

and
h the

b the

the main circuit,
the other control and auxiliary circuits,
the exposed conductive parts,

the frame or mounting plate,

which, wherever appropriate, may be connected together;

etween each control and auxiliary circuit not normally connected 1o the main circuit and

d) for equipment suitable for isolation, across the poles of the main circuit, the line terminals
being connected together and the load terminals connected together.

The test voltage shall be applied between the line and load terminals of the equipment with
the contacts in the open position.
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2.3 Verification of creepage distances

2017

The shortest creepage distances between phases, between circuit conductors at different
voltages and live and exposed conductive parts shall be measured. Each measured creepage

dista

nce shall comply with the minimum requirements of 8.2.7.

The method of measuring creepage distances is given in IEC 62497-1.

9.3.3

.24 Type test for equipment

The method of dielectric test of equipment for routine test in 9.3.3.3 shall apply.

9.3.313 Routine tests
9.3.3.3.1 Power frequency voltage test

The power frequency voltage tests shall be carried out on every single piecée |of equipme
certalin cases to be agreed between the user and the manufacturer, they may also be cg
out on equipment connected in groups. For details of tests of equipment when mounted o
vehidle, refer to IEC 61133:2016.

The

The fnethod of test is given in IEC 62497-1.

9.3.3

The
volta

IEC $2497-1.

The duration of voltage application is 10°s.

If ag

seleqted according to Annex B:

9.3.3.3.3 Application\to groups of equipment before or after mounting

A diglectric test shallybe carried out on groups of equipment even if their components

alrea

timeg the initial test voltage given in IEC 62497-1.

NOTE
instru

to IEQ 6Q077-1 is the repeated test voltage equal to 0,80 times the initial test voltage given in IEC 62497-1.

est voltage at a frequency of 50 Hz or 60 Hz shall be of approximately sinusoidal for,

.3.2 Test voltage and duration

boltage of the power frequency voltage test (U,) (kV RMS) based on the rated im
pe (Uyi) (kV) of the dielectric test for, equipment shall be selected accordin

reed between the user and-the manufacturer the test voltage and duration m3g

Idy been tested'individually. This repeated test shall be made at a voltage equal to

Fortesting of rolling stock after completion of construction and before entry into service, IEC 6113§
ts/to apply 85 % of the test voltage of the defined test voltage for 1 min. The defined test voltage acc

nt. In
rried
n the

m.

bulse
g to

y be

have
0,80

12016
brding

However, where the circuit contains a mid-point permanently connected to earth, (Uyn)
defined in IEC 62497-1 shall be taken to be one-half of the rated insulation voltage which
would be taken in the absence of a mid-point connection.

Components which may be damaged during the test, or which can constitute a load for the
test voltage, shall be disconnected.

9.34 Operational performance capability

9.3.4.1 General

Tests shall be made to verify compliance with the requirements of 8.2.9. Detailed test

cond

itions shall be given in the relevant product standard.
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9.3.4.2 Air-tightness tests for pneumatic equipment

Tests shall be made to verify that the leakage of each unit of the pneumatic equipment,
cylinder or magnet-valve, does not cause, after the test duration (¢), a reduction of more than
1 % per minute of the air pressure of the vessel to which this unit has been connected.

The air pressure of the vessel at the beginning of the test shall be equal to the rated air
pressure (P) of the unit to be tested.

The cold winding shall be supplied with a current equal to the steady-state current obtained
when the winding is supplied at the rated voltage.

The rl}est shall be repeated for every different state of the equipment whether energized. of not,
if applicable.

The {est shall be carried out on a single specimen (air cylinder or magnet-valve) for the|type
test and may be carried out on no more than 10 identical specimens for thé.routine test.

For equipment having several air cylinders or magnet-valves _which cannot be t¢sted
separately, it is sufficient to check that the total leakage is not greater than the sum df the
leakdges allowable for each unit.

The fest duration (¢) is determined with the different parameters as follows:

_dp 1004
P (m+0,5n)
wherg:
m is the number of magnet-valves tested;
n is the number of air cylinders supplied during the test;
t is the test duration, expressed_ in minutes, which shall not be lower than 1 min;
|14 is the total volume, expressed in cubic decimeters, of the pneumatic circuit comprising

the vessel and the aircylinders if any, increased by the pipes' volume if significant| The
total volume shall be.up”to 5 times that of the pneumatic circuit of the equipment tested;

P is the rated air préssure expressed in MPa (1 MPa = 10 bar);

dP |is the variation of the air pressure of the vessel at the end of the duration |test,
expressed.innMPa. This variation shall not exceed 0,1 P, but shall be sufficient {o be
able to quantify it on the air pressure measuring device.

NOTE| The.ghoice of the vessel is such that its volume satisfies the conditions for the variation of the air pr¢ssure
and the test duration.

934—3—|:ea-k-age—tests—fo-r—h-yd-rauhu ectHipment
9.3.4.3.1 Type tests

A durability test of three months duration shall be made on a complete hydraulic equipment
operating on a load cycle agreed between the user and the manufacturer to verify that no
leaks exist which would either jeopardize the functioning of the equipment or necessitate
replenishing the hydraulic fluid.

The duration of the test may be established for a period other than three months after
agreement between the user and the manufacturer.
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9.3.4.3.2 Routine tests
9.3.4.3.2.1 Cylinders

With the pistons fitted with packing, rings or gaskets there shall be no significant leakage from
the cylinder with the maximum load applied externally to the piston rod.

9.3.4.3.2.2 Valves and hydraulic systems

When tested at the maximum rated flow and the maximum rated pressure, the leakage shall
not exceed 0,35 % per minute of the maximum flow per 10 MPa.

9.3.4.4 Durability
9.3.4.4.1 General

Durapility tests are type tests intended to verify the number of operating cycles| that
equipment is likely to be capable of performing without repair or replacement.of parts.

The |durability tests form the basis of a statistical life estimate, Wwhere the manufacfured
quantities permit this.

9.3.4.4.2 Mechanical durability

During the test, there shall be no voltage or current in the main circuit. The equipment may be
lubrigated before the test if lubrication is prescribed in‘thie normal service.

The fontrol circuit shall be supplied at its rated\voltage and, where applicable, at its rated
frequency.

Pneumatic and electro-pneumatic equipment shall be supplied at the rated air pressure.
Manyally operated equipment shall be operated as in normal service.

The number of operating cyclés-shall be not less than that prescribed by the relevant product
standard.

For gquipment fitted with operating relays or releases (tripping devices), the total number of
operations to be pefformed by such relays or releases shall be stated in the relevant product
standard.

Evalyation_of\test results shall be defined in the relevant product standard.

9.3.41.4.3 Electrical durability

The test conditions are those of 9.3.4.4.2 except that the main circuit is energized according
to the requirements of the relevant product standard.

Evaluation of test results shall be defined in the relevant product standard.

9.3.4.5 Check on the setting and operation of protective equipment and relays
(calibration)

These checks are routine tests.

Normally, all such equipment shall operate with a tolerance of +5 % of the maximum setting of
their range.
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9.3.5

Vibration and shock

Vibration and shock tests shall be carried out according to the relevant method of IEC 61373.

9.3.6
EMC

9.3.7

Electromagnetic compatibility (EMC)

test methods and criteria for rolling stock are given in IEC 62236-3-2 for apparatus.

Acoustic noise emission

If required, acoustic noise tests may be carried out to verify the limits of 8.2.5, as agreed

betwgemthe userand the manufacturer-:

9.3.8

If red

Climatic tests

uired, a series of tests may be carried out to demonstrate the capability~of meetin

environmental conditions. The relevant methods of IEC 60068 shall bé|used and

comy

In ag
envir|

For ¢

If ap
and ¢

A ne
seve

rise the following:

bld IEC 60068-2-1;

'y heat IEC 60068-2-2;

amp heat steady state |IEC 60068-2-78

- damp heat cyclic IEC 60068-2-30;

bt mist IEC 60068-2-52.

dition, other tests may be prescribed by the tést document according to the parti

pnmental conditions defined.
ach test, the particular parameters shall\be recorded in the test report.

blicable an air-tightness test shall‘be carried out during, and after, exposure to dry
old in accordance with 9.3.4.2¢

w sample shall be used:for each test. However, the same sample may be use
al tests if it is declared\as new after refurbishment.

j the
may

cular

heat

d for



https://iecnorm.com/api/?name=7358bc5ce0bb5ad464a2378dc8c3a905

-40 - IEC 60077-1:2017 © IEC 2017

Annex A
(informative)

Coordination between definitions
The object of this annex is to clarify the terminology of the definitions and the characteristics.
All terms or expressions in italics are taken from Clauses 3 and 5.

Generally, a quantity can vary within a range that is a gap between two admissible limiting
valugs, but to designate or identify this quantity, an approximate value is used; it\i$ the
nominal value (see Figure A.1).

The [greatest value of this range, or maximum value, is chosen to determine the| test
requirements; it is called the rated value.

The $mallest is also used as a test value but generally for the operational requirements on

y.

The lbse of equipment or a device is defined principally by two Values, voltage and cufrent,
defined and/or agreed by the manufacturer according to its design; it is a matter of the rated
operational voltage with the rated frequency, if necessary, and the rated operational cyrrent
(see [Figure A.2).

These two rated values are used as references for/ the tests; they define the utiliZation
category (see Figure A.2).

Sometimes when the quantity is derived fron;a regulating device the greatest value df the
range of this regulation may be the rated operational voltage even if a larger range is required
for operating.

The [operational requirements mayhalso take a temporary voltage when the regulatipn is
ineff@¢ctive into account.

Equipment or a device may ‘have several utilization categories (see Figure A.3). It has, in this
case| several rated operational voltages and rated operational currents included in affield
voltape/current in which:

— the upper allowable current is that obtained in continuous duty (thermal limit). This| limit
nmay be exceeded for a short duration; it is then called an overload current;

— the upper.continuous allowable voltage is the rated insulation voltage, i. e. the voltage
which~has been chosen for determining the minimum creepage distances and whigh in
tyrnstogether with the overvoltage category, determines the rated impulse voltage level.
The rated im’nlllen \/nlfngn determines the minimum clearances and the dielectrid test

voltage.

The following limitations apply to operational requirements (see Figure A.3):

— rated operational voltage should be lower than the rated insulation voltage;

— transient overvoltages are always lower than the rated impulse voltage in order to avoid
any breakdown;

— rated operational current should be lower than the thermal limit;

— currents in overload condition are not greater than the rated short-time withstand current.
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Rated value

T~

Nominal value

IEC
Figure A.1 — Example of relation of limiting values
Ul
Rated A Utilization
operational < 4 — — — — — — 7 T categories
voltages
Nominal B
voltages
\/ I
Rated operational currents
IEC
Figure 'A.2 — Example of utilization category
U
Rated
********************* —=— impulse
Power frequency Transient voltage
test yoltageeen [ — — T T T T T 7 overvoltages ~ ~ \
[
\
Rated insulation \
voltage LK A ./H/Overload
condition
\
Temporary B \
overvoltage |
\
Thermal limit — \ !

Rated short-time withstand current

Figure A.3 — Example of coordination of operational conditions

IEC
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Annex B
(informative)

Type and routine test of dielectric tests for equipment

General

This Annex B gives the information about type and routine test method of dielectric tests for

equ

B.2

The
equ

ipment described in the first edition of IEC 60077-1.

General conditions

ipment. In certain cases to be agreed between the user and the manufacturer, they

{ests shall be carried out with the rated power frequency voltage on every. single piece of

may

also pe carried out on equipment connected in groups. For details of teststof-equipment Wwhen

mounted on the vehicle, refer to IEC 61133.

The

The
is a

then |[decreased progressively to zero.

After[agreement between the user and the manufacturer, DC voltage may be used; the
of the test voltage is then equal to the peak value'of AC voltage required.

NOT

the apparatus subject to the test.

The

damage after the test.

B.3

Tes

requirements:

voltage;

plied progressively in 10 s, maintained at the prescribed value during 60 s + 5 s

E| In all formulae giving test voltages, Uy, represents the rated insulation voltage (see 5.2 and Anne

se tests may also be required inia type test sequence to verify that equipment he

Test voltage

t$ on single piecesyof equipment shall be carried out in accordance with the follg

r Table B.#for AC and DC rated insulation voltages of no more than 10 000 V;
n TablesB.2 for equipment connected to the AC contact line by the application of thg

earth;

e and between contacts in the open position.

fest voltage at a frequency of 50 Hz or 60 Hz shall be of approximately sinusoidal form.

ethod of test and the RMS values of the test voltage are{defined below. The test vofltage

and

alue

A) of

wing

test

between the main circuit or contacts in the closed position and other circuits incliding

Aged insulation parts which may be dielectrically tested after refurbishment or repair are not
to be tested at more than 1,5 times the rated insulation voltage.
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Table B.2 — Dielectric tests for equipment connected to AC contact line

Nominal voltage of contact supply line AC RMS Rated power frequency voltage RMS
kv kV
6,25 20
15 38
25 75
50 130
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Annex C
(informative)

Example of thermal endurance calculation to demonstrate the
suitability of an insulation system for a specified application

an example for the purpose of understanding the calculation method set up
—ATmexB:

It is based on purely indicative thermal endurance characteristics and should not ©een 1aken
as reference for actual applications if not supported by actual thermal endurance’test data.

For dasy understanding, the simplified Arrhenius formula (C.1) is used:

TT —Ths
ECO(h)=20000x2 HIC C.1)
ceP (%) =297 100 C.2)
ECO
wherp
ECO is the thermal endurance in continuous*0peration (in hours);
TI is the temperature index (in degrees Celsius);
Ths is the hot spot temperature (in dégrees Celsius);
HIC is the halving interval (in Kelvins);
CEP is the consumed endurancée-potential (in percent) for a given hot-spot temperatufe;
AOT is the actual operating‘time (in hours) the insulating system will operate at the given

hot-spot temperatufe;
C.2 | Example 1 —(Temperature limits for an electric insulation system

In the exampleswof Table C.1, two insulation systems of different classes are considered
whiclh have a-I¥ at the lower limit of their thermal class and with the shown HIC.
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Table C.1 — Temperature limits and expected lifetime for
a dry-type insulation system (examples)
Short-ti ti t Continuous
Thermal endurance Short-time operation a operation
characteristics for the maximum hot-spot temperature (210 000 h)
|
Thermal exampies (NOTE 1) (NOTE 2)
class
Maximum hot- Expected Maximum hot-spot
TI HIC spot temperature lifetime temperature
°C h °C
105 (A) 105 6 130 1100 85
180 (H) 180 11 205 4100 143
NOTE 1 Column 5 shows the expected lifetime if the insulation system is operated continuously a{ the
maximum hot-spot temperature according to Table 3 for windings. The expected lifetime is calculated for 100 %
CEP|
NOTE 2 Column 6 shows the maximum temperature for continuous operation of‘the‘insulation system for a
specjfied lifetime of 210 000 h (i.e. 30 years and 7 000 h per year).
C.3 | Example 2 — Thermal endurance calculation
C.3.1 General

The ¢xample below considers the coil of a magnetyvalve (type VC1) for a traction application,

supp

This
parts

It is

ied by a 110 V nominal float charged battery, cooled by natural air convection.

calculation method may be applied-to multiple parameters at the same time or to
of components.

bften possible to split the aperation of traction electric equipment into simple equiv

bther

alent

operating conditions thanks te\their usually high thermal time constant compared with the

runni

Anneg
trans

In th
grey

C.3.2

ng cycle of the railway vehicle.

x D in IEC 60310:2016 provides an example of lifetime calculation for a dry
ormer or inductar.

b following tables, cells with a white background indicate input data while cells W
background indicate output data resulting from calculations.

-type

ith a

Operating conditions provided by the purchaser

Total operation hours over lifetime: 194 400 h (30 years at 360 days per year and 18 h per

day).

Two main parameters define the winding temperature of the coil: the ambient temperature and
the supply voltage of the coil. In this example, for simplicity, the voltage is assumed to be
constant and equal to the rated operational voltage (U,). Then the operation is described by a
simplified temperature distribution shown in Table C.2.



https://iecnorm.com/api/?name=7358bc5ce0bb5ad464a2378dc8c3a905

IEC 60077-1:2017 © IEC 2017 - 47 -

Table C.2 — Ambient temperature distribution

Operation over lifetime
T Voltage
Operating conditions O(I%IB \Y .
% h
Condition 1 40 40,0 77 760
Condition 2 55 126,5 50,0 97 200
Condition 3 65 10,0 19 440
Total 100,0 194 400
NOTE For VC1 type electrical equipment, the battery voltage is usually not constant but regulated-by the
battdry charger with a temperature compensation characteristic which decreases the floating voltage ‘whenp the
battgry temperature increases.
C.3.3 Thermal endurance characteristics provided by the manufacturer
— Information about the reference and actually used insulation”\system according to
IEC 60216-5: generic type of materials, test certificates.
— Thermal class, endurance graph (Arrhenius formula constants, ATE or RTE, HIC).
In this example, the assessed thermal endurance (ATE) er relative thermal endunance
(RTE) index is taken for T7 in the calculations with the following values:
Class 130 (B) insulation system with 77 = 130 °C and/HIC = 9 K.
C.3.4 Temperature rise test results
Tablg C.3 shows temperature rise test measturements and calculation results. This| test
provides the winding resistance of the coil (R) at a reference temperature (e.g. at 0 °C) and
the vplue of the thermal resistance of the goil (Ryp_5y4)-
First| the winding resistance of the coil (R) is measured directly and, if necessary, convgrted
to a neference temperature according to 9.3.2.2.3.
Next| the temperature ris€ ftest is carried out with direct measurement of ambient air

tempgrature (7,,,), voltage (U), current (I) and hot-spot temperature (7},¢). Here, the tgst is
perfgrmed at referencestemperature 7, = 25 °C and rated operational voltage U, = 12615 V.
The |average winding_temperature of the coil (Tavg) is derived from the resistance (R)
variafion.
Finally, the_Other parameters are calculated: power (P), temperature rises (AT, g ATys),
gradient (AThs_avg) between hot-spot and average temperatures, and thermal resisfance
(Rth_avg > ATavg I'P).
Table C.3 — Temperature rise test results

Comment Tamb U I P R Tavg ATavg Rth_avg Ths AThs-avg AThs

°C Y A w Q °C K KIW °C K K
R reference 0 779 0
Test 25 | 12655 [01249] 1580 | 1013 | 705 | 455 | 288 | 755 | 50 | 505

C.3.5 Extrapolations

Table C.4 shows an example of extrapolation, by iterations, of the temperature rise test

resul

ts at another ambient temperature (corresponding to Condition 1 in Table C.2).
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Each iteration is performed as follows:

— starting with the value of the winding resistance of the coil (R) in the previous row of the
table;

— calculating the average winding temperature rise of the coil:

AT,

avg = Rith_avg X P

— recalculating the resistance according to the following formula with k£ = 234,5 for copper:

Ré:RIXTz-i_k'
T, +k

— apd assuming that AT,g 4 is proportional to AT,,q.

Table C.4 — Extrapolation to other ambient temperature

Cdmment Tamb v P AT,y Tavg R AThdady ATy Ths
°C \ w K °C Q K K Cc

Test 25 126,5 15,8 45,5 70,5 1013 5,0 50,5 75,5
Itgration 15,8 45,5 85,5 1.062:4 5,0 50,5 9,5
Itgration 15,1 43,3 83,3 1 055,3 4,8 48,1 88,1
Itgration 40 126,5 15,2 43,6 83,6 1 056,3 4,8 48,4 88,4
Itgration 15,1 43,6 83,6 1 056,1 4,8 48,4 88,4
Condition 1 15,2 43,6 83,6 1 056,2 4,8 48,4 88,4

C.3.6 Lifetime calculation based on-thermal endurance

Applying the principles of Table C.4, the temperatures of Table C.5 can be extrapolatgd for
each|condition specified in Table C:2.

Using fomula (C.2), the consumed thermal endurance potential (CEP) can then be calculafted.

Table €:5.— Lifetime calculation based on thermal endurance

Temperature extrapolations Thermal endurance calculatigns
T v P |Ar T AT, T Operation Lifetime
amb avg avg hs hs over lifetime
Comment - B
°c V w K °c K °c Sg;o“t AgT EEO iP
Test 25 | 126,5 15,8 45,5 70,5 50,5 75,5 1334 212
Condition 1 40 15,2 43,6 83,6 48,4 88,4 40,0 77 760 | 493 310 15,8
Condition 2 55 | 126,5 14,5 41,9 96,9 46,4 | 1014 50,0 97 200 | 180 363 | 53,9
Condition 3 65 14,2 40,8 105,8 | 45,2 | 110,2 10,0 19 440 91 692 21,2
Total 100 194 400 90,9

NOTE Because the speed of ageing increases with temperature, although operation in the hottest conditions
(Condition 3) is limited to 10 % of the required lifetime, it consumes 21 % of the lifetime potential of the insulation
system of the coil. Whereas, operation in the coldest conditions (Condition1), occurring 40 % of lifetime, only
consumes 16 %.
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The total consumed endurance potential (CEP) is less than 100 %: the insulations system of
this coil is acceptable, for the specified conditions, from the thermal endurance point of view.

C.3.7 Equivalent continuous duty and rated continuous duty
Applying the principles of Table C.5, it is possible to calculate:

— the available lifetime (ECO);

— or the consumption of potential lifetime (CEP) after a given operation time (407T);

for continuous operation at any relevant ambient temperature and voltage values as shown in
Tablg¢ C.6 for an equivalent continuous duly and for differeni rated confinuous dufies.

Equiyalent continuous duty — This calculation aims at determining a single, "€quivalent,
ambient temperature (7T,m, ¢q) @nd a single, equivalent, voltage (Uys ¢q) fOM continuous
operation which consumes the same potential of thermal endurance (approxifiiately, bedause
of thg¢ chosen, rounded figures) as the specified application, which corresponds to the gctual
servite. This case is generated from Table C.5 in two steps:

— Step 1: a same temperature (T, eq) for each of the voltage conditions is determined, by
iterations, which consumes the same overall CEP as the specified’application.

— Step 2: a same voltage (Uy; ¢q) for each time slice is then determined by iterations which
cpnsumes the same overall CEP at the equivalent temperature determined in step 1
(Tamb_eq)'
Ratefl continuous duty — Similarly, it is possible to\determine many pairs of temperpture

(Tamb rateq) @nd voltage (Uy; (ateq) @iming at consuming 100% CEP for a given target lifetime
(40T)), e.g. for the purpose of a catalog.

Table C.6 — Equivalent continuous duty and rated continuous duty

Temperature extrapolations Thermal endurance calculqtions
Continuous e o
T,mo U P ATavg Tovg AT, T operation Llfetlmel
Comment
° ° o AOT ECO ICEP
C \ w K C K C h h %
Test 25 1265 15,8 45,5 70,5 50,5 75,5 1334 212
Equjvalent
confinuous 52,5 126,5 14,6 42,1 94,6 46,8 99,3 194 400 213 443 01,1
quty
Rpted
continuous 55 126,5 14,5 41,9 96,9 46,4 101,4 180 000 180 370 09,8
duty

NOTEL_180 000 h is another example of lifetime requirement
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

) APPLICATIONS FERROVIAIRES -
EQUIPEMENTS ELECTRIQUES DU MATERIEL ROULANT -

Partie 1: Conditions générales de service et régles générales

AVANT-PROPOS

1) La] Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’IEC & pour
objet de favoriser la coopération internationale pour toutes les questions de normalisation(dans les domaines

I'électricité et de I'électronique. A cet effet, 'lEC — entre autres activités -' publie des Nprmes

internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibles au

puplic (PAS) et des Guides (ci-aprés dénommés «Publication(s) de I'lEC»). Leur élaboration est confiée|a des
ités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peut participdr. Les
organisations internationales, gouvernementales et non gouvernementales, en\liaison avec I'lEC, participent
égplement aux travaux. L’IEC collabore étroitement avec I'Organisation Internationale de Normalisation [(1ISO),
selon des conditions fixées par accord entre les deux organisations.

2) Lep décisions ou accords officiels de I'lEC concernant les questions t€chniques représentent, dans la njesure
du| possible, un accord international sur les sujets étudiés, étant donné. ‘que les Comités nationaux intéfessés
sopt représentés dans chaque comité d'études.

3) Lep Publications de I'l[EC se présentent sous la forme de reecotnmandations internationales et sont agréées
comme telles par les Comités nationaux de I'lEC. Tous les~efforts raisonnables sont entrepris afin qug I'lEC
s'dssure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsaple de
I'éyentuelle mauvaise utilisation ou interprétation qui en est‘\faite par un quelconque utilisateur final.

4) D4gns le but d'encourager l'uniformité internationale, les' Comités nationaux de I'lEC s'engagent, dans tdute la
m¢sure possible, a appliquer de fagon transparente~lés Publications de I'l[EC dans leurs publications natipnales
et|régionales. Toutes divergences entre toutes“Publications de I'l[EC et toutes publications nationales ou
régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

5) L’IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendants
fodirnissent des services d'évaluation de conformité et, dans certains secteurs, acceédent aux marques de
copformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certification
indépendants.

6) Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication].

7) Adcune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliairgs ou
mandataires, y compris<ses experts particuliers et les membres de ses comités d'études et des Copmités
nationaux de I'lEC, poUrytout préjudice causé en cas de dommages corporels et matériels, ou de tout| autre
dommage de quelqué nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris lep frais
de| justice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'l[EC |ou de
todite autre Publication de I'lEC, ou au crédit qui lui est accordé.

ttention est\attirée sur les Références normatives citées dans cette publication. L'utilisation de publigations

ttention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvenf faire
I'opjet{de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels|droits

delbrovet-et-de-ne-pas-avoirsighaléleurexistence
1 g T

La Norme internationale IEC 60077-1 a été établie par le comité d'études 9 de I'lEC: Matériels
et systémes électriques ferroviaires.

Cette deuxiéme édition annule et remplace la premiére édition de I'lEC 60077-1 publiée
en 1999. Elle constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) Suppression et remplacement des descriptions concernant la coordination de I'isolement,
les conditions d’environnement et celles du retour de courant et de la mise a la masse par
des références a I'lEC 62497-1, I'lEC 62498-1 et I'lEC 61991, a I'exception des classes de
température ambiante, qui sont tirées du Tableau 2 de I'lEC 62498-1:2010.
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b) Introduction d’une classification de type d’équipement.
c) Reévision des températures limites et des essais d'échauffement.
d) Introduction d’'un exemple de calcul de durée de vie a ’Annexe C (informative).

Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
9/2266/FDIS 9/2278/RVD

Le rel_m_ﬁﬁ_l_t_ﬁlﬂ_d_rht_ﬁr_mppor € vole Indique dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette norme.

Cettq publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Une (liste de toutes les parties de la série IEC 60077, publiées sous.le titre geperal
Applications ferroviaires — Equipements électriques du matériel roulant, peut étre consjultée
sur l¢ site web de I'lEC.

Le comité a décidé que le contenu de cette publication ne sera-pas modifié avant la daje de
stabilité indiquée sur le site web de I'lEC sous «http://webstore.iec.ch» dans les données
relatijves a la publication recherchée. A cette date, la publicatioh sera
e rgconduite,

e slipprimée,

e re¢mplacée par une édition révisée, ou

e amendée.
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INTRODUCTION

Bien que le présent document spécifie les conditions générales de service et les régles
générales pour les équipements électriques du matériel roulant, d'autres détails propres a

certa

ins types d'équipements électriques peuvent étre donnés dans d'autres normes IEC.

La série de normes IEC 60077 comprend les parties suivantes:

e P
e P

artie 1: Conditions générales de service et regles générales

artie 2: Composants électrotechniques — Régles générales

e P
e P
e P

Bien

comr
couv
exigd

Pour
indus
éché
comg

artie 3: Composants électrotechniques — Régles pour disjoncteurs a courant continu
artie 4: Composants électrotechniques — Régles pour disjoncteurs a courant monoph

artie 5: Composants électrotechniques — Régles pour les fusibles a haute tension

que l'ensemble des circuits des équipements électroniques de, puissance o
nande alimentés a partir des tensions de I'accumulateur ou de la ligne de contact g
brts par le présent document, leurs circuits internes peuveft'\étre assujettis
nces des normes de produit correspondantes.

triel, qui répondent a une norme internationale propre;le présent document et, |4
ant, la norme de produit d'équipement électrique spgécifient seulement les exige
[émentaires pour assurer un service satisfaisant sar le matériel roulant.

aseé

I de
oient
aux

les équipements électriques du matériel roulant, y compris les éléments de matériel

cas
nces
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) APPLICATIONS FERROVIAIRES -
EQUIPEMENTS ELECTRIQUES DU MATERIEL ROULANT -

Partie 1: Conditions générales de service et régles générales

1 Domaine d'application

2017

La p
exigqg
les

survg

NOTE|
électri
mine,

Le p
regle
maté
comy

normles différentes.

Dans

une morme de produit pertinente, les exigences de la norme de produit prévaudraient.

2 K

Les documents suivants cités dans le texte constituent, pour tout ou partie de leur con

des

nces pour l'ensemble de I'équipement électrique installé dans les circuits de puiss
Circuits auxiliaires, les circuits de commande, les circuits de signalisation &
illance, etc., sur le matériel roulant ferroviaire.

Aprés accord entre utilisateur et fabricant, certaines régles peuvent étre utilisées” pour I'équip
que installé sur des véhicules autres que ceux du matériel roulant ferroviaire, tels,que les locomoti
trolleybus, etc.

ésent document a pour objet d’harmoniser dans la mesure [dwpossible 'ensemblg
s et des exigences de caractére général applicables aux eéquipements électriqug

lete des matériels correspondants et a éviter d’avoir @ effectuer des essais suivan

emble des exigences relatives

Ix contraintes dues a I'environnement danstles conditions normales d'utilisation;
la construction;

Ix performances et aux essais cofrespondants qui peuvent étre considérés co
Bnéraux;

onc été rassemblées dans_le présent document avec les sujets d'intérét et d'applic
re général comme les échauffements, les propriétés diélectriques, etc.

I'éventualité ou une différence existerait entre les exigences du présent docume

RéférencesS:hormatives

exigences du présent document. Pour les références datées, seule I'édition

s’apq

résente partie de I'lEC 60077 spécifie les conditions générales de service e£ les

nce,
t de

ement
es de

des
s du

riel roulant; cela de maniére a uniformiser les exigences”et les essais de la gamme

t des

mme

ation

nt et

tenu,
citée

ligue. Pour les références non datées, la derniére édition du document de référn

ence

s'applique (y compris les éventuels amendements).

IEC 60068-2-1, Essais d'environnement — Partie 2-1: Essais — Essais A: froid

IEC 60068-2-2, Essais d'environnement — Partie 2-2: Essais — Essais B: chaleur seche

IEC 60068-2-30, Essais d'environnement — Partie 2-30: Essais — Essai Db: Essai cyclique de
chaleur humide (cycle de 12 h + 12 h)

IEC 60068-2-52, Essais d'environnement — Partie 2-52: Essais — Essai Kb: Brouillard salin,
essai cyclique (solution de chlorure de sodium)
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IEC 60068-2-78, Essais d'environnement — Partie 2-78: Essais — Essais Cab: Chaleur
humide, essai continu

IEC 60085, Isolation électrique — Evaluation et désignation thermiques

IEC 60216-1, Matériaux isolants électriques — Propriétés d’endurance thermique — Partie 1:
Méthodes de vieillissement et évaluation des résultats d’essai

IEC 60505, Evaluation et qualification des systémes d’isolation électrique

IEC 60529 Degrésdeprotectionm procures par fes envetoppes (code 1P)

IEC §0721-3-5, Classification des conditions d'environnement — Partie 3: Classificatior] des
groupements des agents d'environnement et de leurs sévérités — Section 5: Installation$ des
véhidules terrestres

IEC 60850, Applications ferroviaires — Tensions d’alimentation des réseaux de traction

IEC $1133:2016, Applications ferroviaires — Matériel roulant — EsSais sur matériel roulant
aprée$ achévement et avant mise en service

IEC 61373, Applications ferroviaires — Matériel roulant — Essais de chocs et vibrations

IEC 61991, Applications ferroviaires — Matériel roulant " Dispositions de protection contre les
dangers électriques

IEC 61992-1, Applications ferroviaires — Installations fixes — Appareillage a courant confjnu —
Partie 1: Généralités

IEC 62236-3-2, Applications ferroviaireés — Compatibilité électromagnétique — Partie| 3-2:
Matériel roulant — Appareils

IEC 62497-1, Applications fetroviaires — Coordination de l'isolement — Partie 1: Exiggdnces
fondamentales — Distances_id'isolement dans [l'air et lignes de fuite pour tout magériel
électrique et électronique

IEC 62498-1:2010, Applications ferroviaires — Conditions d'environnement pour le matériel —
Partie 1: Equipement embarqué du matériel roulant

3 Termes; définitions et termes abrégés (voir également 'Annexe A)

Pourlles"hesoins du présent document les termes et définitions sujvants s'appliquent

L'ISO et I'IEC entretiennent des bases de données terminologiques pour l'usage de la
normalisation aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e ISO Online browsing platform: disponible a I'adresse http://www.iso.org/obp
3.1 Généralités

3.1.1
matériel roulant
ensemble des véhicules, motorisés ou non

Note 1 a I'article: Cela inclut, par exemple, une locomotive, une voiture ou un wagon.
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[SOURCE: IEC 60050-811:2017, 811-02-01]

3.1.2
véhicule
élément de matériel roulant

3.2 Circuits

3.21

circuit de puissance
circuit parcouru par le courant des machines et appareils, tels que les convertisseurs et les
moters de traction, qui transmet la puissance de traction

[SOYRCE: IEC 60050-811:2017, 811-25-03]

3.2.2
circyit principal
ensemble des parties conductrices d'un équipement parcouru par le courant de la fonctjon a
laquglle cet équipement est destiné

3.2.3
circyit auxiliaire, <d’un train>
circu|t parcouru par le courant des appareils auxiliaires tels que les compresseurs gt les
ventilateurs

[SOURCE: IEC 60050-811:2017, 811-25-05]

3.2.4
circyit de commande, <d’un train>
circult servant a mettre en action des équipements de puissance ou des auxiliaires

[SOURCE: IEC 60050-811:2017, 814-25-12]

3.2.5
circyit de signalisation et de surveillance
circult transmettant un signal indiquant si certaines conditions de fonctionnement existept ou
non, |ou les enregistrant (par exemple un signal indiquant la défaillance de I'équipement
électfique)

[SOURCE: IEC60050-811:2017, 811-25-14]

3.3 | Materiel alimenté par accumulateur

3.31
accumulateur (électrique)

systéme électrochimique capable d'accumuler, sous forme chimique, I'énergie électrique
recue et de la restituer par transformation inverse

3.3.2

batterie flottante <charge>

batterie d'accumulateurs dont les bornes sont connectées en permanence a une source de
tension constante suffisante pour maintenir la batterie approximativement a charge compléte,
et qui est destinée a fournir de I'énergie a un circuit électrique lorsque I'alimentation normale
est interrompue

Note 1 a l'article: L’accumulateur absorbe un courrent «en floating» dans ce mode.

[SOURCE: IEC 60050-482:2004, 482-05-35, modifié — La Note 1 a été ajoutée.]
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3.3.3
systéme d’accumulateur «en floating»
matériel principalement exploité avec I'accumulateur «en floating»

3.34
systéme d’accumulateur hors charge
matériel principalement alimenté alors que I'accumulateur n’est pas en charge

3.4 Catégories d'essais

3.4.1
essaj de type
essa| de conformité effectué sur une ou plusieurs entités représentatives de la produgctior

[SOURCE: IEC 60050-811:2017, 811-10-04]

3.4.2
essaj individuel de série
essal de conformité effectué sur chaque entité en cours ou en fin de.fabrication

[SOYRCE: IEC 60050-811:2017, 811-10-05]

3.4.3
essaj sur préléevement
essal effectué sur un échantillon

[SOYRCE: IEC 60050-811:2017, 811-10-06]

3.4.
essaj d'investigation
essal| spécial de caractére facultatif\'qui est effectué en vue d'obtenir des informdtions
complémentaires

[SOURCE: IEC 60050-811:20%%,811-10-07]

3.4.5
partir conductrice accessible
parti¢ conductrice, 'susceptible d'étre touchée directement, qui n'est pas normalement [sous
tensipn mais quispeut le devenir en cas de défaut

[SOURCE:1EC€ 60050-441:1984, 441-11-10, modifié — La Note a été supprimée.]

3.5 L Grandeurs caractéristiques

3.5.1

valeur limite

plus grande ou la plus petite valeur admissible d’une grandeur dans une spécification d’un
composant, dispositif, matériel ou systeme

[SOURCE: IEC 60050-151:2001, 151-16-10, modifié — L’ordre de la phrase a été modifié.]

3.5.2

valeur nominale

valeur d'une grandeur, utilisée pour dénommer et identifier un composant, un dispositif, un
matériel ou un systéme

Note 1 a I'article: La valeur nominale est généralement une valeur arrondie.
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Dans le présent document, I'expression «valeur nominale» n'est utilisée, conformément a la

pratique, que pour désigner les circuits de la tension d'alimentation de la ligne de contact et des accumulateurs.

[SOURCE: IEC 60050-811:2017, 811-11-01, modifié — La Note 2 & I'article a été ajoutée.]

3.5.3

valeur assignée
valeur d'une grandeur, utilisée a des fins de spécification, correspondant a un ensemble
spécifié de conditions de fonctionnement d'un composant, dispositif, matériel ou systéme

[SOURCE: IEC 60050-811:2017, 811-11-02]

354

régin

régime du matériel électrique du matériel roulant, correspondant au fonctionnement

géng
etc.,

Note 1
satisfd
de vu
étant

3.5.5

couTnt permanent équivalent assigné

cour

3.6
3.6.1

vieillissement

modi
comy
peut

Note 1

[sou

3.6.2
endud

aptityde a résister\a’l’action des facteurs de vieillissement

Note 1

[SOU

he permanent équivalent

Falement caractérisé par des valeurs de courant, de tension, de pression-d'air comp
qui varient dans le temps

a l'article: Les différentes parties du matériel sont définies par I'énoncé| complet des conditi
ire. Cependant, il est parfois suffisant de spécifier le régime permanent équivalent qui correspond dU
e des contraintes électriques, mécaniques ou thermiques au service considéré et qui est reconnu d
equivalent au service réel. C'est le régime permanent équivalent auquel |es‘essais se référent.

nt correspondant au régime permanent équivalent

Termes liés a la durée de vie

fication dans le temps des propriétés physiques, chimiques et électriques
osant ou d’'un module, dans un domaine de fonctionnement prévu a la conceptior
entrainer une dégradation significative des caractéristiques de performances

a l'article: Cet article était numéroté 393-18-41 dans la CEI 60050-393:2003.

RCE: IEC 60050-395;2044, 395-07-100]

rance

a l'article™ L’endurance peut étre caractérisée par les résultats d’essais de vieillissement accéléré.

RCETIEC 60050-212:2010, 212-12-08]

réel,
rime,

bns a
point
omme

d’'un
, qui

3.6.3

endurance thermique
aptitude a résister a I'action de la température

[SOURCE: IEC 60050-212:2010, 212-12-09]

3.6.4

durabilité
aptitude a fonctionner tel que requis, dans des conditions données d’utilisation et de
maintenance, jusqu’a la fin de la vie utile

Note 1

a l'article: Pour les besoins du present document, “durabilité” est utilisé afin d’exprimer I’estimation de la
durée de vie (temps ou nombre de cycles de fonctionnement) qui peut étre réalisée par I'équipement avant
réparation ou remplacement de parties.
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[SOURCE: IEC 60050-192:2015, 192-01-21, modifié — La Note 1 a I'article a été ajoutée.]

3.7
CA
CC
CEM
RMS
PD
ov

Termes abrégés
Courant alternatif
Courant continu
Compatibilité électromagnétique
Valeur efficace (Root Mean Square value)

Degré de pollution (Pollution degree)

VC

4 (

Cet 4
peut

Les
d'alin

5.3.3,

5.2

Catédaorie de surtension (Overvoltaae cateaory)
~J \ ~ J 77

Classe de tension (Voltage Class)
Llassification

rticle est destiné a énumérer les caractéristiques d'un matériel sur lesquelles le fabr
donner des informations, et qui doivent étre vérifiées par des essaiS§ Si nécessaire.

équipements couverts par le présent document sont classés selon la sq
nentation de leurs circuits de commande et auxiliaires/Les détails sont donné
2.

aractéristiques de la catégorie d'emploi

Généralités

htégorie d'emploi d'un matériel définit l'application a laquelle il est destiné et doit
fiee dans la norme de produit correspondante; elle est caractérisée par une ou plus

randeurs suivantes:

purant(s);
nsion(s);
equence(s);

fession(s).

Bgalement Annexe’A.

Cette liste'n'est pas exhaustive et, le cas échéant, peut inclure d'autres grandeurs applicables.

Tensions assignées

icant

urce
S en

étre
ieurs

5.2.1

Généralités

Généralement, le terme de tension assignée peut étre affecté a la valeur d'entrée comme a

celle

5.2.2

de sortie d'un matériel. La valeur est généralement fixée par le fabricant.

Tension assignée d'emploi (U,)

La tension assignée d'emploi d'un matériel est une valeur qui, combinée avec un courant
assigné d'emploi et une fréquence assignée d'emploi, détermine I'emploi du matériel, et a
laquelle se rapportent les essais correspondants et la catégorie d'emploi.

NOTE La tension assignée d'emploi était symbolisée par U, dans la premiére édition de I''EC 60077-1. Elle est
symbolisée par Uy, dans I''EC 61992-1.
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5.2.3 Tension assignée d'isolement (Uy,,)

La définition de la tension assignée d'isolement est donnée dans I'|EC 62497-1.

La tension assignée d'isolement d'un matériel est la valeur de tension a laquelle on se référe
pour les essais de tension assignée de choc et pour les lignes de fuite.

Lorsque la tension n'est pas strictement sinusoidale ou continue, la valeur efficace ou
moyenne seule ne peut pas suffire pour prescrire la tension assignée d'isolement.

En l'absence de connaissances de l'influence possible sur |a contrainte diélectrique:

) I rapport entre la durée des impulsions périodiques et leur période de répétition;

d
e db nombre d'impulsions durant occurence;
d

) front de I'impulsion (dv/dr);

il estirecommandé de choisir cette tension comme étant égale a la valeur efficace réelle[sans
étre Inférieure a 70 % de la valeur de créte.

5.2.4 Essai de tension de fréquence industrielle (U,)

L’'esdai de tension de fréquence industrielle est la valeur efficace d'une tension sinusqjidale
qui ne provoque pas de défaut d’isolement dans des conditions d'essai spécifiées.

U, es$t spécifié dans I'lEC 62497-1.

5.2.5 Tension assignée de choc (Uy;)

La dg¢finition de la tension assignée de choe.est donnée dans I'lEC 62497-1.

La ténsion assignée de choc est utilisée pour déterminée les exigences minimum| des
distahces d'isolement et des tensions d'essais diélectriques.

5.3 | Tensions assignées des-équipements électriques
5.3.1 Matériel alimenté a partir d’une ligne de contact
La tension assignge-d'emploi (U,) pour un matériel alimenté par la ligne de contact

corrgspond a la tension (U, ,41) permanente la plus élevée de la ligne de contact, définig par
I'IEC|60850.

5.3.2 Matériel alimenté a partir d’un transformateur

La tpnsion assignée d'emploi (U,) pour un matériel alimenté par un enroulement de
transformateur est égale a la tension efficace aux bornes de I'enroulement alors que
I'enroulement primaire est alimenté a la tension assignée d'emploi. Si un second
transformateur est interposé entre le transformateur et le matériel, la tension assignée
d'emploi (U,) est égale a la tension assignée ci-dessus multipliée par le rapport de
transformation du second transformateur.

5.3.3 Matériel alimenté a partir de sources basse tension a courant continu
5.3.3.1 Tensions nominales

Ce paragraphe s’applique pour le matériel alimenté selon la classe de tension | et la classe
de tension Il définies dans I'lEC 61991.
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La tension nominale (U,,) est utilisée uniquement pour désigner les circuits et le matériel, et il

conv

D'au

ient qu'elle soit sélectionnée parmi les valeurs préférentielles suivantes:
24V, 72V,ou 110 V.

tres tensions peuvent étre utilisées aprés accord entre l'utilisateur et le fabricant.

NOTE Ces valeurs de tension nominale sont données uniquement comme valeurs normalisées pour la conception
des matériels. Elles ne sont pas considérées en tant que tension a vide de I'accumulateur qui sera déterminée en
fonction des types d’accumulateur, du nombre d'éléments et des conditions d'emploi.

5.3.3f2—Ptagesdetension

Un matériel couvert par le présent document est classé comme suit, selon/la/source

d’alimentation de ses circuits auxiliaires de commande.

e Type VC1: materiel alimenté par un systéme d’accumulateur «en floating»;

e Type VC2: materiel alimenté par un systéme d’accumulateur hors charge;

e Type VC3: materiel non alimenté directement par un systeme-~diaccumulateur a pord,
mais alimenté par exemple par une génératrice, un alternateur ou un convertigseur
¢lectronique.

Le Tableau 1 montre les plages de tensions et les tensions assignées d'emploi (U,) pour les

circu|ts auxiliaires de commande pour chaque type de matériel. Les valeurs pour le Type|VC3

sont valables pour une source de tension stabilisée.
Tableau 1 — Plages de tension pour les. circuits auxiliaires de commande
Classification Tension minimale du Tension assignée Tension maximale fu
matériel d'emploi (U,) matériel
Type VC1 0,7 U, 1,15 U, 1,25 U,
Type VC2 0,7 U; 1,10, 1,25 U,
Type VC3 0,850, 1,0 U, 1,1 U,

NOTE| 1 Fondamentalement, la batterie pour I’équipement de Type VC1 est utilisée en mode de charg
tensiop peut étre inférieure & \la tension flottante pour de courtes périodes, par exemple avant le démarrg

I’équi
conta

fement de charge, pendant 'accumulation de tension de la batterie, ou en cas d’interruption de la lig
t.

NOTE| 2 Fondamentalement, la batterie pour I'équipement de Type VC2 est utilisée en mode de déchar
tensiop de la battérievva diminuer progressivement.

NOTE|3 Latension pour I'’équipement de Type VC3 n’est pas la tension qui alimente le générateur, I'alter

oule

onyvertisseur électronique lui-méme.

e. La
ge de
ne de

je. La

hateur

PV ZaYe!

ment

NOTEMY4 1 } Aot H AT A\W7aY| $1 a HA LA [ dala + H £ 41
e prage— e te SO Gt ypPe—v T ST Vv Cz eStrameme T marS T evortaton—aeratensSton—en—Tofctonnt

difféere selon la durée de vie de I'équipement.

NOTE 5 La tension assignée d'emploi est utilisée dans le calcul des pertes thermiques, de la consommation de

puiss

5.4

ance, de I'échauffement, etc.

Courants assignés du matériel

5.4.1 Courant assigné d'emploi (1)

Le courant assigné d'emploi du matériel est défini par le fabricant et tient compte de la

tens

ion assignée d'emploi et de la fréquence assignée d'emploi.
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Courant assigné de courte durée admissible (1,,)

2017

Le courant assigné de courte durée admissible du matériel est la valeur du courant de courte
durée admissible, assignée au matériel par le fabricant, que ce matériel peut supporter sans
dommage.

La durée assigneée (1,,) du matériel utilisé est la valeur de l'intervalle de temps pendant lequel
un appareillage peut supporter, en position fermée, un courant égal a son courant assigné de
courte durée admissible.

5.5

La fr
tensi

5.6

La

élect

laqud

— O

Fréquence assignée d'emploi (f,)

pquence assignée d'emploi du matériel est définie par le fabricant et tient compte
bn assignée d'emploi.

Pression assignée

valeur assignée de la pression d'alimentation d'un matériel “~pneumatiqusg
fopneumatique est la valeur limite supérieure de la plage du régulateur de pression
Ile les essais correspondants se réferent.

nformations sur le produit

Nature de l'information

nformations suivantes doivent étre données ‘par’ le fabricant pour chaque partie
riel électrique, si la norme de produit correspondante le spécifie:
entification

nom ou sigle du fabricant;

désignation du type ou numéro dé€’série;

indice de modification;

référence a la norme de-produit correspondante, si le fabricant déclare la confo
du produit.

practéristiques

tension(s) assignée(s) d'emploi;
tension@ssignée d'isolement;
tensien‘assignée de choc;

ecourant(s) assigné(s) d'emploi a la (aux) tension(s) assignée(s) d'emploi;

de la

ou
et a

d'un

rmité

b liste suivante n'est pas exhaustive et ses termes s'appliquent lorsqu'ils sont appropriés.

frédauencels) assiandels) d'emnloi-
e MG A St A b dt- Al S A bl il
consommation maximale de courant ou consommation maximale de puissance;

nombres de manceuvres des durabilités mécanique et électrique selon la norm
produit correspondante;

performances assignées en surcharge et/ou en régime dégradé selon la norm
produit correspondante;

code IP dans le cas d'un matériel sous enveloppe (selon I'|EC 60529);
degré de pollution acceptable pour le matériel (selon 7.9);
tension(s), fréquence(s) et courant(s) assigné(s) du ou des circuits de commande;

pression assignée et limites de variation de la pression (pour le matériel & comm
pneumatique);

dimensions extérieures;

e de

e de

ande
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taille minimale de l'enveloppe et, selon les cas, données concernant la ventilation,

auxquelles se rapportent les caractéristiques assignées;
distance minimale entre le matériel et son enveloppe;

distance minimale entre le matériel et les parties métalliques reliées a la masse du

véhicule pour le matériel utilisé sans enveloppe;
masse.

Certaines de ces informations peuvent étre complétées par la valeur de la température

ambi

ante pour laquelle le matériel a été déterminé.

6.2

Marquage

Toutg¢ information appropriée a marquer sur le matériel, parmi celles listées en 64)-doit

spéc

Sur |
- n
- d
- n

Ces
pour
indél

6.3

fiée dans la norme de produit correspondante.

e matériel, les marquages suivants sont obligatoires:

bm ou sigle du fabricant;

Esignation du type;

Lméro de série ou date ou code du fabricant.

nformations sont marquées de préférence sur la plaque d’identification lorsqu'elle e

fournir toutes les données nécessaires (tracabilité). Les marquages doivent
Bbiles et facilement lisibles.

Instructions pour le stockage, l'installation, le fonctionnement et I'entretien

Le fgbricant doit spécifier dans ses documents ou catalogues les instructions, si nécess

pour
fonct

Si né
du m

le stockage, linstallation, le fonctionnement et I'entretien du matériel dura
onnement et aprés une défaillance.

atériel doivent indiquer les\mesures particulierement importantes pour une install

une ise en service et un fonctiennement corrects du matériel.

Ces
recor

entr

7 (

documents doivent'indiquer la consistance et la fréquence des opérations d'entr
nmandées, le cas échéant.

Le ﬂatériel couvert par le présent document n’est pas obligatoirement congu pour
t

enu.

Conditions normales de service

cessaire, les instructions pour (e stockage, le transport, I'installation et le fonctionnefent
t

étre

iste,
étre

aire,
nt le

ion,

etien

étre
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Généralités

L’Article 7 fixe les conditions de service. Certaines conditions de service sont énoncées dans
I'"EC 62498-1:2010 et d’autres sont issues d’autres références mentionnées. Dans le cas ou
d'autres conditions environnementales s'appliquent, il convient de les sélectionner dans
I'IEC 62498-1:2010 et, si les conditions dans I'IlEC 62498-1:2010 sont insuffisantes, elles
doivent étre sélectionnées dans I'lEC 60721-3-5 si elles sont appropriées.

La liste suivante n'est pas exhaustive, et I''EC 62498-1:2010 ainsi que I'l[EC 60721-3-5

fourn

issent des données complémentaires.

Les conditions normales de service sont une combinaison de conditions d'environnement, de

fonct

ionnement et d'installation.
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Altitude

2017

Le matériel est supposé fonctionner normalement dans la plage d'altitude spécifiée. La
classe A1 de plage d'altitude, spécifiée dans I'lEC 62498-1:2010, doit étre appliquée, sauf
spécification contraire.

Pour des installations a plus haute altitude, il est nécessaire de tenir compte de la réduction
de la contrainte diélectrique et de l'effet de refroidissement de I'air. Il convient de concevoir

oud'

utiliser le matériel ainsi employé aprés accord entre l'utilisateur et le fabricant.

NOTE En ce qui concerne la réduction de I'effet de refroidissement de I'air avec I'altitude, I’élévation plus haute

des tg
réduit
AMD1

7.3
7.3.1

L'air
I'empq

La ¢

Température ambiante

ambiant doit étre considéré comme étant celui qui environne le materiel; il différera
lacement ou est monté ce matériel.

imale

TMPETatuTesS & pius—aute—aititudeestgemeratermmentcompenseeparta temperature anmbiarteTra
b a plus haute altitude. Des orientations sont disponibles, par exemple en 5.1 de I'lEC TR 609431998/
2008.

Température

selon

asse de température ambiante a laquelle le matériel électrique fonctionnera doit| étre

déteqminée conformément au Tableau 2, sauf spécificatiop ‘contraire. La classe T1 doif étre

appliquée, sauf spécification contraire.
Pour|les emplacements intérieurs, la température ambiante (7,) est la température ambjiante
extérieure augmentée de la valeur de I'échauffement'de I'air produit par les pertes thermiques
localgs, dans les conditions normales de refroidissement.
Tableau 2 — Classes de températures ambiantes
Classes Température Température a Température 3
(4Zone d'application type) ambjante a I'extérieur I'intérieur d'un I'intérieur d'un bjoc
du véhicule compartiment du d'appareillage
véhicule
°C °C °C
T1
-25 +40 -25 +50 -25 +70
(par ex., Europe centrale)
T2 40 +35 40 +45 40 +65
(par ex., Europe du.Nord)
2 25 +45 25 +55 25 +70
par ex., Europe du Sud)
T4
(région tempérée aux latitudes -10 +40 -10 +50 -10 +70
moyennes)
T5
- . . +5 +45 +5 +55 +5 +70
(région tropicale sauf désert)
T6
. . . -20 +55 -20 +65 -20 +75
(région tropicale dans un désert)
TX —40 +50 —40 +60 —40 +75
NOTE 1 Ce tableau est dérivé de I'lEC 62498-1:2010, Tableau 2.

NOTE 2 Les températures de stockage ne sont pas considérées comme des conditions normales de service, a

moins

qu'elles aient été notifiées.

Pour chacun des emplacements a l'intérieur de la caisse, d'un compartiment moteur, d'un bloc
d'appareillage, d'un coffre, etc., cet échauffement de I'air peut étre différent. Lorsque cette


https://iecnorm.com/api/?name=7358bc5ce0bb5ad464a2378dc8c3a905

IEC 60077-1:2017 © IEC 2017 - 69 -

valeur n'est ni spécifiée par un document approprié ni connue, elle doit étre considérée
comme n'excédant pas 30 K pendant le fonctionnement.

Si les matériels sont utilisés a des températures ambiantes moyennes supérieures a celles
prévues, il est nécessaire de réduire leurs performances.

Pour la classe d'altitude AX donnée dans I'lEC 62498-1:2010, I'utilisateur doit fournir la relation
de dépendance entre altitude et température en spécifiant la distribution de température pour
chaque plage pertinente (par exemple, de 0 ma 1 000 m et de 1 000 m a 2 000 m).

, ou
pour
ature
de sg¢rvice pendant la durée de vie. Elle peut étre utilisée pour le calcul de Ja.durée de Yie et
de la|fiabilité.

a) Yoit elle doit étre fixée a 25°C pour un emplacement extérieur conformément|a la
classe TR2 du Tableau 3 de I'lEC 62498-1:2010, sauf spécificatiogn)contraire;

b) ou a la température de référence extérieure augmentée de 30 K pour un emplacement
ntérieur sauf spécification contraire;

pit elle peut étre calculée par le fabricant sur la basé.de la distribution de tempérpture
¢urnie par l'acheteur.

O
-~
=S »n

NOTE| 1 Le vieillissement thermique est une fonction exponentielle de la température (par ex., voir IEC 0216
pour les matériaux isolants); en d'autres termes, la température de référence est habituellement supérieure a la
moyernne arithmétique de la température.

NOTE|2 Pour un emplacement intérieur, la distributien“de température dépend fortement de la charge eff de la
dissipftion de la chaleur liée.

7.4 | Humidité

L'hurpidité est définie dans I'lEC 62498-1:2010, 4.4.

7.5 | Conditions biologiques

Les nisques d'attaques biologiques sont définis dans I'lEC 60721-3-5, classe 5B2.

7.6 | Substances chimiquement actives

Présgnce de-<substances chimiquement actives comme défini dans I'lEC 60721-3-5,
clasde 5C2 ‘pour la salinité ou d’autres substances chimiques. Les produits de nettgqyage
doivgnt &ire*spécifiés par I'acheteur.

7.7 Substances mécaniquement actives

Présence de substances mécaniquement actives comme défini dans I'lEC 60721-3-5,
classe 5S2.

7.8 Vibrations et chocs

Le matériel est soumis aux vibrations et aux chocs dans la gamme de fréquences et de
niveaux d'accélération présents en service conformément a I'lEC 61373.

7.9 Exposition a la pollution

Selon son emplacement, le matériel est exposé a une pollution plus ou moins importante.
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Le degré de pollution (PD) est classé de PD1 a PD4 et doit étre pris en compte lors de la
détermination des distances d’isolement et des lignes de fuite. De plus amples détails sont
donnés dans I'lEC 62497-1.

7.10 Exposition aux surtensions
Le matériel électrique est exposé aux surtensions provenant de la ligne de contact ou

générées par le matériel lui-méme, par exemple les transitoires de coupure, les chocs de
foudre, etc. Leurs niveaux sont différents selon la partie du matériel considérée.

La catégorie de surtensions (OV) est classée de OV1 a OV4.

De plus amples détails sont donnés dans I'lEC 62497-1.

8 [Exigences relatives a la construction et au fonctionnement

8.1 Exigences relatives a la construction
8.1.1 Risques électriques

Des | dispositions de protection contre les risques électiriques doivent étre prises
confgrmément a I'lEC 61991.

8.1.2 Accumulateurs
Pendant la charge et la décharge, les accumulateurs peuvent nécessiter d'étre aérés afjn de

garantir que la concentration d'hydrogéne produite par I'électrolyse de I'eau reste inférjeure
au seuil de 4 %.

Si ne¢cessaire, il est essentiel que touttobstacle au renouvellement de l'air soit réddit au
minimum et que l'ouverture débouche.en plein air. Les entrées et sorties d'air doiven{ étre
situéps aux meilleurs emplacements, c'est-a-dire sur les parois opposées de I'enveloppe.

Le cdblage entre 'accumulateur_et les coupe-circuits doit étre aussi court que possible.

8.1.3 Protection contre-le feu

Les ¢ircuits et les matériels comportant des risques d'inflammation doivent étre efficacement
protégés.

Les matériaux)ne doivent produire qu'une faible quantité de fumée d'opacité et de tokicité
minimales-S(Les limites doivent étre déterminées.)

Les materiath—combustibles—doivent-étre-installésloin-des-sources—de-chaleur—Hs-doiven étre
HeHadh—eomodStHere SaobeRt—edeHhstaHes+eHaesSoblces—aecharetH—rnsS—aotveh

choisis de fagon a garantir une bonne résistance au feu.

Pour limiter la propagation du feu, des prescriptions spéciales peuvent étre spécifiées en
tenant compte de l'installation (cloisons coupe-feu, extincteurs, etc.).

NOTE Les exigences en matiére de protection contre le feu différent d'un pays a I'autre et d'une région a l'autre.

Par exemple, pour les pays européens, la série EN 45545 est applicable.
8.1.4 Autres risques

Les parties accessibles qui sont susceptibles, en service normal, d'étre portées a une
température supérieure aux limites du Tableau 5 doivent étre protégées par un écran formant
obstacle. La température de I'écran ne doit pas dépasser la limite spécifiée.
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