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2) The fprmal decisions or agreements of the IEC on technlc
intern t|ona| consensus of oplnlon on the relevant subjects
from

3) The dpcuments produced have the form of recommend
of stgndards, technical specifications,

Comnlittees in that sense.

4) In order to promote international unification, ) ndertake to apply IEC Int
Standprds transparently to the maximum [ 38 Sk il _their national and regional standd
diver \ng national or regional standard shall
indicajed in the latter

5) The IEC provides no markidg procedure al and cannot be rendered responsib
equipment declared to be in

6) Attentjon is drawn to th ements of this International Standard may be t#
of patent rights. T
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Part 1: General requirements
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, issued in

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

The committee has decided that the contents of this publication will remain unchanged until
2004-11. At this date, the publication will be

reconfirmed,

withdrawn,

replaced by a revised edition, or
amended.
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IEC 60950-1 includes the basic requirements for the safety of Information Technology
equipment.

Additional parts cover specific safety requirements for Information Technology equipment
having limited applications or having special features as follows:

Part 21: Remote feeding.

Annexes A, B, C, D, E, F, G, H, J, K, L, M, N, P, U, V and Y form an integral part of this
standard.

Annexe$ Q, R, S, T, W and X are for information only.

In this sftandard, the following print types are used:

— Reglirements proper and normative annexes: in roman typeg
— Conpliance statements and test specifications: in italic type.

— Noteg and other informative matter: in smaller roman type.

— Normiative conditions within tables: in smaller roman type.
— Terms that are defined in 1.2: SMALL CAPITALS,
The cortents of the corrigendum of Os cluded in this copy.
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INTRODUCTION

0 Principles of safety

The following principles have been adopted by technical committee 74 in the development of
this standard.

These principles do not cover performance or functional characteristics of equipment.

Words printed in SMALL CAPITALS are terms that are defined in 1.2 of this standard.

0.1 eneral principles of safety

It is esgential that designers understand the underlying principles 0 nents in

order thgt they can engineer safe equipment.

These grinciples are not an alternative to the detailed requi but are

intended to provide designers with an appreciation of the & Where

the equ|pment involves technologies and materials or prethd 3 e cifically
covered, [ i id e ( not less than those
describ

Designe 3 ent but

also likgly fault condltlons consequen ial fat It 8 influences

such as : d over-
voltages

The follpwing priorities sh K i ining what design measures to adopt:

— whefe possible, spesify i iteri 9 will eliminate, reduce or guard |against
hazards; @

— whefe the ab IS et kecause the functioning of the equipment would be
impaired, speci ¢ sgtive means independent of the equipment, such as
pers ¢ ipmMant (wh ch is not specified in this standard);

— whe bove measures is practicable, or in addition to those measures,
speq gs and instructions regarding the residual risks.

There a XpOR>C ons whose safety needs to be considered, USERS (or OPERATORS)

and SERVIC ~

USER i bnts for

protection will not

intentionally create a hazardous S|tuat|on Consequently, the requwements WI|| provide
protection for cleaners and casual visitors as well as the assigned USERS. In general, USERS
should not have access to hazardous parts, and to this end, such parts should only be in
SERVICE ACCESS AREAS or in equipment located in RESTRICTED ACCESS LOCATIONS.
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When USERS are admitted to RESTRICTED ACCESS LOCATIONS they shall be suitably instructed.

SERVICE PERSONS are expected to use their training and skill to avoid possible injury to
hemselves and others due to obvious hazards which exist in SERVICE ACCESS AREAS of the
equipment or on equipment located in RESTRICTED ACCESS LOCATIONS. However, SERVICE
PERSONS should be protected against unexpected hazards. This can be done by, for example,
locating parts that need to be accessible for servicing away from electrical and mechanical
hazards, providing shields to avoid accidental contact with hazardous parts, and providing
labels or instructions to warn personnel about any residual risk.

Information about potential hazards can be marked on the equipment or provided with the
equipment dpppnding on the likelihood and qpvprity of injllry or made available for SERVICE
PERSONS$. In general, USERS shall not be exposed to hazards likely t injyry, and
information provided for USERS should primarily aim at avoiding misusg’and si likely to
create hazards, such as connection to the wrong power source angd ses by
incorredt types.

MOVABLE EQUIPMENT is considered to present a slightly J due to
possiblg extra strain on the supply cord leading to ruptu tbr. With
HAND-HBLD EQUIPMENT, this risk is increased; wear on ikely, and further
hazards) could arise if the units were dropped. TRANSPORTABLE EQUIPMENT introduces a further
factor bpcause it can be used and carried in any orjenfatjon;i all/metallic objedt enters
an operning in the ENCLOSURE it can move aroufd\ihside t!@eq ipment, possibly creating a

hazard.

0.2 Hazards

Applicafion of a safety standard is intende
following:

risk of injury or damage due to the

elecfric shock;

— enelgy relatedhaza
— fire;

— heaflrelated hazg

— mechanical hazardgs;

0.2.1

Electriclshock is due to current passing through the human body. The resulting physilological
effects depend on the value and duration of the current and the path it takes through the
body. The value of the current depends on the applied voltage, the impedance of the source
and the impedance of the body. The body impedance depends in turn on the area of contact,
moisture in the area of contact and the applied voltage and frequency. Currents of
approximately half a milliampere can cause a reaction in persons in good health and may
cause injury indirectly due to involuntary reaction. Higher currents can have more direct
effects, such as burn, muscle tetanization or ventricular fibrillation.
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Steady state voltages up to 42,4V peak, or 60V d.c., are not generally regarded as
hazardous under dry conditions for an area of contact equivalent to a human hand. Bare parts
which have to be touched or handled should be at earth potential or properly insulated.

Some equipment will be connected to telephone and other external networks. Some
TELECOMMUNICATION NETWORKS operate with signals such as voice and ringing superimposed
on a steady DC VOLTAGE; the total may exceed the values given above for steady-state
voltages. It is common practice for the SERVICE PERSONS of telephone companies to handle
parts of such circuits bare-handed. This has not caused serious injury, because of the use of
cadenced ringing and because there are limited areas of contact with bare conductors
normally handled by SERVICE PERSONS. However, the area of contact of a part accessible to
the USER, and the likelihood of the part being touched, should be further limited (for example,
by the shape and location of the part).

It is normal to provide two levels of protection for USERS to preven
the operation of equipment under normal conditions and after a sj
consequential faults, should not create a shock hazard. Hox
protectiye measures, such as protective earthing or su

o\
considefed a substitute for, or a relief from, properly desigrned BASICYNSULATION.
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Harm may result from:

Contact with bare parts normally at
HAZARDOUS VOLTAGES.

Breakdown of insulation between parts
normally at HAZARDOUS VOLTAGES and
accessible conductive parts.

- 37—

Examples of measures to reduce risks:

Prevent USER access to parts at HAZARDOUS
VOLTAGES by fixed or locked covers, SAFETY
INTERLOCKS, etc. Discharge accessible capa-
citors that are at HAZARDOUS VOLTAGES.

Provide BASIC INSULATION and connect the
accessible conductive parts and circuits to
earth so that exposure to the voltage which can
develop is limited because overcurrent
protection will disconnect the parts having low

impedance faults within __a__ specified time;
or provide a metal s¢reen\conng¢cted to
I provide
SULATION
m to the
Contact with circuits connected to TELE- ct of such
COMMUNIGATION NETWORKS which exceed hed parts
42,4V pelak or 60 V d.c.
Breakdown of USER-accessible insulation. he USER
electric-
f contact
TOUCH C RRENT to a specified palue, or
from parts at high integrity protective | earthing
accessib .
earthing |connection. TOU
include | current due
components connected
CIRCUITS |and accessibl
0.2.2
Injury o plies or
high capagitance cirsyjts\ ca
— burns;
— arcir
— ejecliotr of molten metal.

Even circuits whose voltages are safe to touch

Examples of measures to reduce risks include:

separation;

shielding;
provision of SAFETY INTERLOCKS.

may be hazardous in this respect.
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0.2.3 Fire

Risk of fire may result from excessive temperatures either under normal operating conditions
or due to overload, component failure, insulation breakdown or loose connections. Fires
originating within the equipment should not spread beyond the immediate vicinity of the
source of the fire, nor cause damage to the surroundings of the equipment.

Examples of measures to reduce risks include:

— providing overcurrent protection;
— using constructional materials having appropriate flammability properties for their purpose;

i £ b 4 ol lal N H 1 'y HPN I - | s 4 H
— seleptionof parts;componentsS and consumadre mMatertars to— avotra gy tet eratuqe which

might cause ignition;

— limitng the quantity of combustible materials used;
— shie|ding or separating combustible materials from likely ignitjon
— usinfy ENCLOSURES or barriers to limit the spread of fire with

— usinp suitable materials for ENCLOSURES so as to red
from the equipment.

reading

0.2.4 Heat related hazards
Injury m

— burn
— degradation of insulation and of saf
— ignitjon of flammable kquids.

Examplés of measures)

— taking steps@ i
— avoifding temp

— provfsion of

0.2.5
Injury m

— shar

— mov|ng{parts which have the potential to cause injury;

— equipment instability;
— flying particles from imploding cathode ray tubes and exploding high pressure lamps.
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Examples of measures to reduce risks include:

— rounding of sharp edges and corners;

— guarding;

— provision of SAFETY INTERLOCKS;

— providing sufficient stability to free-standing equipment;

— selecting cathode ray tubes and high pressure lamps that are resistant to implosion and
explosion respectively;

— provision of markings to warn USERS where access is unavoidable.

0.2.6 Radiation

Injury tq USERS and to SERVICE PERSONS may result from some for,
equipment. Examples are sonic (acoustic), radio frequency, infra-r
radiation, and high intensity visible and coherent light (lasers).

itted by
fonizing

Examplg¢s of measures to reduce risks include:

— limitjng the energy level of potential radiation so
— scregning radiation sources;
— provlision of SAFETY INTERLOCKS;

— provision of markings to warn to the radiation hgzard is

unavyoidable.

0.2.7 Chemical hazarg

Injury m urs and

fumes.

Exampl

— avoi 4l and consumable materials likely to cause ipjury by
cont '

0.3 Materials a omponents

Materials—amd—componentsused i theconstructiom of equipment shouldbe—sosefected and
arranged that they can be expected to perform in a reliable manner for the anticipated life of
the equipment without creating a hazard, and would not contribute significantly to the
development of a serious fire hazard. Components should be selected so that they remain
within their manufacturers' ratings under normal operating conditions, and do not create a
hazard under fault conditions.
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INFORMATION TECHNOLOGY EQUIPMENT - SAFETY -

Part 1: General requirements

1 General

1.1  Scope

1.1.1 Equipmentcovered-by-this—standard

This standard is applicable to mains-powered or battery-powered {nfor hnology

equipment, including electrical business equipment and associated”eqii i RATED

VOLTAGE not exceeding 600 V.

This stajndard is also applicable to such information technology

— desipned for use as telecommunication terminal eguip ECOMMUNICATION
NETWORK infrastructure equipment, regardless of t

— desipgned and intended to be connected directly {o, 0 ment in,
a CABLE DISTRIBUTION SYSTEM, regardless of the

— desipgned to use the AC MAINS S m (see
notel 4 of clause 6 and note 3 of cla

This stgndard specifies requirements | Dr injury

for the [OPERATOR and layman who , Where

specific

This standard is intenge g St i ith respect to installed equipment, whether it

consists - its or independent units, subject to installing,

operatin
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Examples of equipment which
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is in the scope of this standard are:

Generic product type

Specific example of generic type

banking equipment

monetary processing machines including automated teller (cash dispensing)
machines (ATM)

data and text processing machines
and associated equipment

data preparation equipment, data processing equipment, data storage equip-
ment, personal computers, plotters, printers, scanners, text processing
equipment, visual display units

data network equipment

bridges, data circuit terminating equipment, data terminal equipment, routers

electrical and electronic retail
equipment

cash registers, point of sale terminals including associated electronic scales

electricjl and electronic office
machings

calculators, copying machines, dictation equipment, dogument shredding
machines, duplicators, erasers, micrographic office g ment, erated

files, paper trimmers (punchers, cutting machines, separatgr jopging
machines, pencil sharpeners, staplers, typewriters

other IT|equipment

photoprinting equipment, public informati}m\te}KQingks,\QJltm\{dMipment

postage|equipment

mail processing machines, postage maéanes \ )
XS

telecommunication network infra-
structurg¢ equipment

pea isgion equipmnent,

ating equipment, radio basestations,
telecommunication switchingZequipment

telecommunication terminal facsimile equipment, key télepifonk sys s}'rog/e%s, PABX'’s, pagérs,
equipmgnt telephone answering r(lﬁt\h es;t Ieﬂone ets (wired and wireless)
NOTE The requirements of IEC 60065 may also\be use t sa reguirements for multimedia epuipment.

See IEC Guide 112, Guide on the safety of multj

This list is not intended to be com reh@e

necessgrily excluded fro

Equipment complying
for use| with pr
requiring infor
requirer

1.1.2
Require

— equi

— eleciromedical applications with physical connections to the patient;

quipment that is not listeq is not

nts in this standard is considered |suitable
tomatic test equipment and similar pystems
However, this standard does not |include

mes of
prrosive

— equipment intended to be used in vehicles, on board ships or aircraft, in tropical countries,
or at altitudes greater than 2 000 m;

— equipment intended for use where ingress of water is possible; for guidance on such
requirements and on relevant testing, see annex T.

NOTE Attention is drawn to the fact that authorities of some countries impose additional requirements.

1) A list of informative references is given in annex Q: "Bibliography".
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1.1.3 Exclusions

This standard does not apply to:

— support equipment, such as air conditioning, fire detection or fire extinguishing systems;

— power supply systems which are not an integral part of the equipment, such as motor-

generator sets, battery backup systems and transformers;
— building installation wiring;
— devices requiring no electric power.

1.2 Definitions

For the purpose of this International Standard the following definitions@pply

"voltagq" and "current" are used they imply the r.m.s. values, unles i

Definitipns in alphabetical order of nouns
Area, pperator access
Area, pervice access
Body
Cable| interconnecting M.
Cable|distribution system 1.2.13.14
Circuit, ELV 1.2.8.6
Circuit, limited current 1.2.8.8
Circuif, primary 1.2.8.3
Circuif, secondary 1.2.8.4
Circuif, SELV 1.2.8.7
Circuif, TNV 1.2.8.10
Circuit, TNV-1 1.2.8.11
Circuif, TNV-2 1.2.8.12
Circuif, TNV-3 1.2.8.13
Cleargnce 1.2.10.1
Condyctor, prote 1.2.13.11
Condyctor, protective 1.2.13.10
Cord, 1.2.5.4
Cord, 1.2.5.5
Creep 1.2.10.2
Curre 1.2.13.13
Curre 1.2.1.3
Curre 1.2.13.12
Cut-o 1.2.11.3
Cut-o 3 1.2.11.4
Cut-o{it, dhermal, ma 1.2.11.5
Earthipgnfunctional 1.2.13.9
Enclosure 1.2.6.1
Enclosure, electrical 1.2.6.4
Enclosure, fire 1.2.6.2
Enclosure, mechanical 1.2.6.3
Energy level, hazardous 1.2.8.9
Equipment, Class | 1.2.4.1
Equipment, Class Il 1.24.2
Equipment, Class Il 1.243
Equipment, direct plug-in 1.2.3.6
Equipment, for building-in 1.2.3.5
Equipment, hand-held 1.2.3.2
Equipment, movable 1.2.3.1

e terms
d.
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Equipment, permanently connected
Equipment, pluggable, type A
Equipment, pluggable, type B
Equipment, stationary
Equipment, transportable
Frequency, rated

Insulation, basic

Insulation, double

Insulation, functional
Insulation, reinforced
Insulation, supplementary
Interlock, safety

Limit, explosion

— 49 —

Limiter, temperature

Load, |normal

Locatipn, restricted access
Materjals, flammability classification
Materjal, 5VA class
Mater{al, 5VB class
Mater{al, HF-1 class foamed
Materlal, HF-2 class foamed
Mater{al, HBF class foamed
Materjal, HB40 class
Materlal, HB75 class
Mater{al, V-0 class

Materjal, V-1 class

Materlal, V-2 class

Mater{al, VTM-0 class
Materjal, VTM-1 class
Materjal, VTM-2 class
Netwqrk, telecommunication
Operdtion, continuous

Operdtion, intermittent
Operation, short-time
Operdator

Part, decorative
Persop, service
Rangg, rated freg
Rangqg

Suppl
Suppl
Surfags
Test,
Test,
Test,
Thermostat
Time, lcated operating

Tool

User

Voltage, d.c.

Voltage, hazardous

Voltage, mains transient

Voltage, peak working

Voltage, rated

Voltage, required withstand

Voltage, telecommunication network transient
Voltage, working
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Equipment electrical ratings

RATED VOLTAGE: The supply voltage (for a three-phase AC MAINS SUPPLY, the line-to-
line voltage) as declared by the manufacturer.

1.2.1.2 RATED VOLTAGE RANGE: The supply voltage range as declared by the manufacturer,

express

ed by its lower and upper RATED VOLTAGES.

1.2.1.3 RATED CURRENT: The input current of the equipment as declared by the manufacturer.

1.2.1.4 RATED FREQUENCY: The supply frequency as declared by the manufacturer.

1.21.5

RATED FREQUENCY RANGE: The supply frequency range as__declared by the

manufa

1.2.2

1.2.2.1
most se|
when t

recommended load conditions, a load is used that is

be appli

NOTE N

1.2.2.2
manufa

1.2.2.3

1.2.2.4
from co

to cool glown to room te

1.2.2.5
compos

equipment switched ®

1.2.3

1.2.3.1
- 18k

cturer, expressed by its lower and upper RATED FREQUENCIES.

Operating conditions
NORMAL LOAD: The mode of operation which approxi

vere conditions of normal use in accordance with the
ne conditions of actual use can obviously be

ed.

RATED OPERATING TIME: The
cturer.

INTERM@
ed of a pefipd

— equi

reqqired to perform its intended use.

gible the

. Ir;llowever,
aximum

hat can

by the

starting
uipment

s, each
vith the

ATOR as

1.2.3.2 HAND-HELD EQUIPMENT: MOVABLE EQUIPMENT, or a part of any kind of equipment, that
is intended to be held in the hand during normal use.

1.2.3.3 TRANSPORTABLE EQUIPMENT: MOVABLE EQUIPMENT that is intended to be routinely
carried by a USER.

NOTE Examples include laptop personal computers, pen-based tablet computers, and their portable accessories

such as p

1.2.3.4

rinters and CD-ROM drives.

STATIONARY EQUIPMENT: Equipment that is not MOVABLE EQUIPMENT.
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1.2.3.5 EQUIPMENT FOR BUILDING-IN: Equipment intended to be installed in a prepared
such as in a wall, or similar situation.

NOTE In general, EQUIPMENT FOR BUILDING-IN does not have an ENCLOSURE on all sides, as some of the
be protected after installation.

recess,

sides will

1.2.3.6 DIRECT PLUG-IN EQUIPMENT: Equipment that is intended to be used without a power

supply cord; the mains plug forms an integral part of the equipment ENCLOSURE so
weight of the equipment is taken by the socket-outlet.

1.2.4 Classes of equipment — Protection against electric shock

that the

NOTE Spre-mformrationm techmotogy equipmernt canmot be fdemntified—as comnformmimgtoome

1.2.4.1 | CLASS | EQUIPMENT: Equipment where protection against electric Shocki
— usinp BASIC INSULATION, and also

— providing a means of connection to the PROTECTIVE EART
wiring those conductive parts that are otherwise ¢
VOLTAGES if the BASIC INSULATION fails.

NOTE clAss | EQUIPMENT may have parts with DOUBLE INSULATION

classes.

d by:

building
ARDOUS

1.2.4.2 oes not
rely on DOUBLE
INSULAT otective
earthing.

1.2.4.3 es upon
supply f

NOTE F all other
requireme

1.2.5

1.2.5.1 quipment which is intended for connection to the
building dustrial
appliand

1.2.5.2 :I: to the
building|i pler, or
both, cd

1.2.5.3 TLY)CONNECTED EQUIPMENT: Equipment which is intended for conngction to

the buiITing installatiéon wiring using screw terminals or other reliable means.

1.2.5.4 DETACHABLE POWER SUPPLY CORD: A flexible cord, for supply purposes, intended to be

connected to the equipment by means of a suitable appliance coupler.

1.2.5.5 NON-DETACHABLE POWER SUPPLY CORD: A flexible cord, for supply purposes,
or assembled with the equipment.

2) A list of normative references is given in annex P.

fixed to
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Such a

cord may be:

Ordinary: a flexible cord which can be easily replaced without special preparation of the
cord or special TOOLS, or

Special: a flexible cord which is specially prepared, or requires the use of specially
designed TOOLS for replacement, or is such that it cannot be replaced without damage to

the

equipment.

The term "specially prepared" includes provision of an integral cord guard, the use of cable
lugs, formation of eyelets, etc., but not the re-shaping of the conductor before introduction
into a terminal or the twisting of a stranded conductor to consolidate the end.

1.2.6

1.2.6.1
in1.2.6

NOTE Orne type of ENCLOSURE can be inside another type (for example, ar ELECTR
ENCLOSUHRE or a FIRE ENCLOSURE inside an ELECTRICAL ENCLOSURE). Als i

functions

ENCLOSUHE).

1.2.6.2

Enclosures

ENCLOSURE: A part of the equipment providing one or more
2,1.2.6.30r1.2.6.4.

of more than one type (for example, the functions of bq LOSURE ar

¢scribed

de a FIRE

an piovide the

d a FIRE

f fire or

1.2.6.3 | MECHANICAL ENCLOSURE: A pz¢ Df injury

due to mechanical and other physical h

1.2.6.4 arts that

may be jat HAZARDOUS VOLT

1.2.6.5 | DECORATIVE PARTY has no

safety flinction.

1.2.7 Access@

1.2.7.1 | OPERATOR A : area to which, under normal operating conditiong, one of

the follgwi i

— accdss c8 the use of a TOOL;

— the is deliberately provided to the OPERATOR,;

— the ted to enter regardless of whether or not a TOOL is needed to gain
access.

The terms{access" and "accessible", unless qualified, relate to OPERATOR ACCESS AREA as

defined above:

1.2.7.2 SERVICE ACCESS AREA: An area, other than an OPERATOR ACCESS AREA, where it is
necessary for SERVICE PERSONS to have access even with the equipment switched on.
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1.2.7.3 RESTRICTED ACCESS LOCATION: A location for equipment where both of the following
paragraphs apply:
— access can only be gained by SERVICE PERSONS or by USERS who have been instructed

about the reasons for the restrictions applied to the location and about any precautions
that shall be taken; and

— access is through the use of a TooL or lock and key, or other means of security, and is
controlled by the authority responsible for the location.

NOTE The requirements for equipment intended for installation in RESTRICTED ACCESS LOCATIONS are the same as
for OPERATOR ACCESS AREAS, except as given in 1.7.17, 2.1.3 and 4.5.1.

1.2.7.4 TOOL: A screwdriver or any other object which may be used to operate a screw, latch

or simildr fixing means.

1.2.7.5 | BODY: All accessible conductive parts, shafts of handles, he like,

and mefal foil in contact with all accessible surfaces of insulating m

1.2.7.6 until the

hazard | cess is

gained.

1.2.8

1.2.8.1 nent for

supplyirn 8 include public of private

utilities , i i i or] example, 1.4.5), equivalent

sources| er supplies

NOTE 1

NOTE 2 "maings i it xefers to both an AC MAINS SUPPLY and a|DC MAINS

SUPPLY.

1.2.8.2 system, with or without batteries, pxternal

to the e .powered equipment, excluding:

- ad remote
equi

— a limi (see 2.5)Y whose open circuit voltage is less than or g¢qual to
42,4 ;

- ad. br equal
to 6(

Circuitry \ r in the

meaning of this d (see 2.10.3.3)

NOTE 1 lSeetHU-T+Recommendationi-2/—for—bonding—econfigurations—and—earthing—inside—a—telesemmunication

building.

NOTE 2 Where the term "mains" or "mains supply" is used, it refers to both an AC MAINS SUPPLY and a DC MAINS
SUPPLY.

1.2.8.3 PRIMARY CIRCUIT: A circuit which is directly connected to the AC MAINS SUPPLY. It
includes, for example, the means for connection to the AC MAINS SUPPLY, the primary windings
of transformers, motors and other loading devices.

NOTE Conductive parts of an INTERCONNECTING CABLE may be part of a PRIMARY CIRCUIT as stated in 1.2.11.6.
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1.2.8.4 SECONDARY CIRCUIT: A circuit which has no direct connection to a PRIMARY CIRCUIT
and derives its power from a transformer, converter or equivalent isolation device, or from a
battery.

NOTE Conductive parts of an INTERCONNECTING CABLE may be part of a SECONDARY CIRCUIT as stated in 1.2.11.6.

1.2.8.5 HAZARDOUS VOLTAGE: A voltage exceeding 42,4V peak, or 60 V d.c., existing in a
circuit which does not meet the requirements for either a LIMITED CURRENT CIRCUIT or a TNV
CIRCUIT.

1.2.8.6 ELV CIRCUIT: A SECONDARY CIRCUIT with voltages between any two conductors of the
circuit, and between any one such conductor and earth (see 1.4.9), not exceeding 42,4V
peak, or 60 V d.c., under normal operating conditions, which is separated_from HAZARDOUS
VOLTAGE by BASIC INSULATION, and which neither meets all of the requifeme for pn SELV
CIRCUIT Inor meets all of the requirements for a LIMITED CURRENT CIRCUIJ/

1.2.8.7 | SELV CIRCUIT: A SECONDARY CIRCUIT which is so designed tha under
normal joperating conditions and single fault conditions, its volte
value.

NOTE 1 |The limit values of voltages under normal operating conditigris ard singte e 1.4.14)
are specified in 2.2. See also table 1A.

NOTE 2 |[This definition of an SELV CIRCUIT differs from the term JSELV s

I, under
e drawn

1.2.8.8 | LIMITED CURRENT CIRCUIT: A circuit whig
both nofmal operating conditions and single faul
is not hazardous.

NOTE T 4.14) are
specified jn 2.4.
1.2.8.9 aving a

duration] of 60 s or more, ¢ one or

1.2.8.10 area of
contact S berating
conditio inglg faw i e 1.4.14), the voltages do not exceed speciffjed limit
values.

A TNV C

NOTE 1 ions (see
1.4.14) are

NOTE 2 .6.

TNV CIRGUITS. are clasSified as TNV-1, TNV-2 and TNV-3 CIRCUITS as defined in 1.2.8.11, 1.2.8.12

and 1.2[8:13.

NOTE 3 The voltage relationships between SELV and TNV CIRCUITS are shown in table 1A.
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Table 1A — Voltage ranges of SELV and TNV circuits

Normal operating voltages

Overvoltages from .
TELECOMMUNICATION Overvoltages from Within SELV CIRCUIT Excc?ec_hng SELV CIRCUIT
NETWORKS CABLE DISTRIBEJTION limits limits but w!th.m
. SYSTEMS possible ? TNV CIRCUIT limits
possible?
Yes Yes TNV-1 CIRCUIT TNV-3 CIRCUIT
No Not applicable SELV CIRCUIT TNV-2 CIRCUIT
1.2.8.1 TNV-1 CIRCUIT: A TNV CIRCUIT:

— whoge normal operating voltages do not exceed the limits fg
normal operating conditions; and

— on
SYST

1.2.8.12

— who
opef

whic

1.2.8.13

— who

SYST

1.2.9

1.2.9.1
of the e

NOTE F
likelihood

1.2.9.2

SELVCIRCYJ[r under

vhich overvoltages from TELECOMMUNICATION NETWQ CABLE DJSTRIBUTION

EMS are possible.

TNV-2 CIRCUIT: A TNV CIRCUIT:

5e normal operating voltages exceed normal

ating conditions; and

5e normal operating QXX i normal

vhich overvolta NICATION NETWORKS and CABLE DISTRIBUTION
EMS are' .

Insulation

Insulation that is necessary only for the correct functioning
definition does not protect against electric shock. It may, however, rgeduce the

BASIC INSUDATION: Insulation to provide basic protection against electric shockl.

1.2.9.3

SUPPLEMENTARY INSULATION: Independent insulation applied in addition to BASIC

INSULATION in order to reduce the risk of electric shock in the event of a failure of the

BASIC INSULATION.

1.2.9.4 DOUBLE INSULATION: Insulation comprising both BASIC INSULATION and SUPPLEMENTARY
INSULATION.

1.2.9.5 REINFORCED INSULATION: A single insulation system which provides a degree of

protection against electric shock equivalent to DOUBLE INSULATION under the conditions
specified in this standard.

NOTE T

he term "insulation system" does not imply that the insulation has to be in one homogeneous piece.

It may comprise several layers which cannot be tested as SUPPLEMENTARY INSULATION or BASIC INSULATION.
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1.2.9.6 WORKING VOLTAGE: The highest voltage to which the insulation or the component
under consideration is, or can be, subjected when the equipment is operating under
conditions of normal use.

1.2.9.7 PEAK WORKING VOLTAGE: The highest peak or d.c. value of a WORKING VOLTAGE,
including repetitive peak impulses generated in the equipment, but not including external
transients.

1.2.9.8 REQUIRED WITHSTAND VOLTAGE: The peak voltage that the insulation under
consideration is required to withstand.

1.2.9.9 MAINS TRANSIENT VOLTAGE: The highest peak voltage expected at the power input to
the equipment ariqing from external transients on the AC MAINS SUPPIY or DE-MAINS SUPPLY.

1.2.9.10 TELECOMMUNICATION NETWORK TRANSIENT VOLTAGE: The
expecteld at the TELECOMMUNICATION NETWORK connection point of t
external transients on the network.

voltage
ng from

NOTE The effect of transients from CABLE DISTRIBUTION SYSTEMS is not taken

1.2.10 | Clearances and creepage distances

1.2.10.1 CLEARANCE: The shortest distance betwgen (two co ween a

1.2.10.4 CREEPAGE DISTANCE: The shqrte ] o tween a
conducl’ve part and the BOUNDING SURF \ ipme rface of
the insuflation.

1.2.10.3 BOUNDING SURFAQE: S ered as
though metal foil were présset.i rial.
1.2.11 | Compo ts

1.2.11.1 THERMO‘: ~ keep a
temperdture betwegn ses under normal operating conditions and whiich may
have pr q

1.2.11.2 keep a
tempersz ( hoveNdne particular value during normal operating conditipns and

which nfa

NOTE A

1.2.11.3 <PHERMAL CUT-OUT: A temperature-sensing control intended to operatg under

abnormal-eperating—conditions—and—which—has—no—provisionforthe—orRERATORte—change the

temperature setting.

NOTE A THERMAL CUT-OUT may be of the automatic reset or of the manual reset type.

1.2.11.4 THERMAL CUT-OUT, AUTOMATIC RESET: A THERMAL CUT-OUT which automatically
restores the current after the relevant part of the equipment has cooled down sufficiently.

1.2.11.5 THERMAL CUT-OUT, MANUAL RESET: A THERMAL CUT-OUT which requires resetting by
hand, or replacement of a part, in order to restore the current.
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1.2.11.6 INTERCONNECTING CABLE: A cable used to electrically connect an accessory to a unit
of information technology equipment, to interconnect units in a system or to connect a unit to
a TELECOMMUNICATION NETWORK or to a CABLE DISTRIBUTION SYSTEM. Such a cable may carry
any type of circuit from one unit to another.

NOTE A power supply cord for connection to the mains supply is not an INTERCONNECTING CABLE.

1.2.12 Flammability

1.2.12.1 FLAMMABILITY CLASSIFICATION OF MATERIALS: The recognition of the burning
behaviour of materials and their ability to extinguish if ignited. Materials are classified as in
1.2.12.2 to 1.2.12.14 when tested in accordance with |IEC 60695-11-10, |IEC 60695-11-20,
ISO 97742 or ISO 9773.

NOTE 1 |When applying the requirements in this standard, HF-1 CLASS FOAMED MATERIAL as better
than thos¢ of CLASS HF-2, and HF-2 better than HBF.

NOTE 2 |Similarly, other MATERIALS, including rigid (engineering structural) foa arded as
better thah those of CLASS 5vB, 5VB better than v-0, v-0 better than v-1, v-1 bett€ 2 HB40 and
HB40 bett¢r than HB75.

NOTE 3 |Similarly, other MATERIALS of CLASS VTM-0 are regarded as bg nd VTM-1

better thah vTM-2.

quivalent to|materials
properties. Their|electrical

NOTE 4 |Materials of FLAMMABILITY CLASSES VTM-0, VTM-1 and V
of FLAMMABILITY CLASSES V-0, V-1 and V-2, respectively, but on
and mechfanical properties are not necessarily equivalent.

NOTE 5 |Certain flammability classes are replacing theitlasse iex, editions of this stanglard. The
equivalenge of the old and the new classes is ghowr below.

Old|class New class \Equivalence

_ 5VA 5VA is nat required(inthi }tap(ard.
(1.2.12,8) /\
£\ 5\(B aterials that>pass the }ests for class 5V in clause A.9 of earlier editions
(1.2.12,6) of thWnda ivalent to 5VB or better.
HB40 o}\@als in a thickness of 3 mm that pass the tests of
(122.1Q.10) 8&.in lier editions of this standard (maximum burning ra
O\mmmin guring test) are equivalent to HB40.

A
<\<375 Sampl %materials in a thickness of less than 3 mm that pass th¢ tests
(1N2.

0]

HB

A4 clauge A.8 in earlier editions of this standard (maximum burning|rate
75 /min during test) are equivalent to HB75.

AL: A material tested in the thinnest significant thickness uged and
to IEC 60695-11-10.

1.2.12.2
classifig

1.2.12.3 "V~ CLASS MATERIAL: A material tested in the thinnest significant thickness uped and
classified V-1 according to IEC 60695-TT1-10.

1.2.12.4 v-2 CLASS MATERIAL: A material tested in the thinnest significant thickness used and
classified v-2 according to IEC 60695-11-10.
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1.2.12.5 5VA CLASS MATERIAL: A material tested in the thinnest significant thickness used and
classified 5vA according to IEC 60695-11-20.

1.2.12.6 5VB CLASS MATERIAL: A material tested in the thinnest significant thickness used and
classified 5vB according to IEC 60695-11-20.

1.2.12.7 HF-1 CLASS FOAMED MATERIAL: A foamed material tested in the thinnest significant
thickness used and classified HF-1 according to ISO 9772.

1.2.12.8 HF-2 CLASS FOAMED MATERIAL: A foamed material tested in the thinnest significant
thickness used and classified HF-2 according to ISO 9772.

1.2.12.9 _HBF CLASS FOAMED MATERIAL: A foamed material tested in the thinnest significant
thicknegs used and classified HBF according to ISO 9772.

1.2.12.10 HB40 CLASS MATERIAL: A material tested in the thinnest 5s used

and clagsified HB40 according to IEC 60695-11-10.

1.2.12.11 HB75 CLASS MATERIAL: A material tested in the think 5s used

and clagsified HB75 according to IEC 60695-11-10.

1.2.12.12 VTM-0 CLASS MATERIAL: A material tested i gunifisant thicknejss used

and clagsified VTM-0 according to ISO 9773.

1.2.12.13 VTM-1 CLASS MATERIAL: A m
and clagsified vTM-1 according to ISO &

significant thicknejss used
1.2.12.14 VTM-2 CLASS MATERIAL: A materi - hinfest significant thicknejss used

1.2.12.15 EXPLOSION LIMI¥: ' i of a combustible material in a|mixture
containi : nists or dusts, in which a flame is| able to

propags

1.2.13

1.2.13.1 : S ntative sample of the equipment with the objgctive of
determi € \ eSigned and manufactured, can meet the requifements
of this s

1.2.13 gst on a number of samples taken at random from a batch.
[IEV 15

1.2.13 ST: A test to which each individual sample is subjected during|or after
manufa if the sample complies with certain criteria. [IEV 151-04-16, modjified]

1.2.13.4 DC VOLTAGE: The average value of a voltage (as measured by a moving coil meter)
having a peak-to-peak ripple not exceeding 10 % of the average value.

NOTE Where peak-to-peak ripple exceeds 10 % of the average value, the requirements related to peak voltage
are applicable.

1.2.13.5 SERVICE PERSON: A person having appropriate technical training and experience
necessary to be aware of hazards to which that person may be exposed in performing a task
and of measures to minimize the risks to that person or other persons.
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1.2.13.6 USER: Any person, other than a SERVICE PERSON. The term USER in this standard is

the same as the term OPERATOR and the two terms can be interchanged.

1.2.13.7 OPERATOR: See USER (1.2.13.6).

1.2.13.8 TELECOMMUNICATION NETWORK: A metallically terminated transmission medium
intended for communication between equipment that may be located in separate buildings,

excluding:

— the mains system for supply, transmission and distribution of electrical power, if used as a

telecommunication transmission medium;
— CABLE DISTRIBUTION SYSTEMS;

— SELVYTCIRCUITS connecting units of Information tecnnology equipment.

NOTE 1 |The term TELECOMMUNICATION NETWORK is defined in terms of its fun
character|stics. A TELECOMMUNICATION NETWORK is not itself defined as being eithe
CIRCUIT. @Pnly the circuits in the equipment are so classified.

NOTE 2 |A TELECOMMUNICATION NETWORK may be:
—  publi¢ly or privately owned;

— subject to transient overvoltages due to atmospheric discharges and fau
—  subjefct to longitudinal (common mode) voltages induced from
NOTE 3 |Examples of TELECOMMUNICATION NETWORKS are:
— a puflic switched telephone network;
— a puflic data network;

— an Infegrated Services Digital Network (ISDWN);

— a priate network with electrical interface characteristj

1.2.13.9 FUNCTIONAL EARFAING: ing intin equipment or in a
necessgry for a purpose ot : X1-13, modified]

1.2.13.10 PROTECTIVH ) : A—Conductor in the building in

or in the power I
rth poin

electrical
or a TNV

not its

ms;

nes.

system, which is

stallation wiring,

3in protective earthing terminal in the equipment

toane

NOTE I some countpig greunding sénductor" is used instead of "PROTECTIVE EARTHING CONDUCTOR".
1.2.13.11 CONDUCTOR: A conductor in the equipment, or a comtEination
of cond ct|v > s nent, connecting a main protective earthing terminal fo a part
of the ef o i d to be earthed for safety purposes.

1.2.13.12 R R : Electric current through a human body when it touchegy one or

more adcessibleparts [IEV 195-05-21, modified]

NOTE TOUEH,CURRENT was previously included in the term "leakage current".

1.2.13.13 PROTECTIVE CONDUCTOR CURRENT: Current flowing through
EARTHING CONDUCTOR under normal operating conditions.

the PROTECTIVE

NOTE PROTECTIVE CONDUCTOR CURRENT was previously included in the term "leakage current".
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1.2.13.14 CABLE DISTRIBUTION SYSTEM: A metallically terminated transmission medium mainly
intended for transmission of video and/or audio signals between separate buildings or
between outdoor antennas and buildings, excluding:

— the mains system for supply, transmission and distribution of electric power, if used as a
communication transmission medium;

— TELECOMMUNICATION NETWORKS;

— SELV CIRCUITS connecting units of information technology equipment.
NOTE 1 Examples of CABLE DISTRIBUTION SYSTEMS are:

— local area cable networks, community antenna television systems and master antenna television systems
providing video and audio signal distribution;

— outdogq

NOTE 2
(see 7.3.1

CABLE DISTRIBUTION SYSTEMS may be subjected to greater transients than TE

)-

TON*"NETWORKS

1.3 (Qeneral requirements
1.31 Application of requirements

The reqpirements detailed in this standard shall be ap

In order shall be
carefull

1.3.2

Equipm use and
under li ided to
reduce spread
of fire o

Complisg

1.3.3

Equipm d to be
connected.

Complig tandard
under tH

1.34 Constructions not specifically covered

Where the equipment involves technologies and materials or methods of construction not
specifically covered in this standard, the equipment shall provide a level of safety not less
than that generally afforded by this standard and the principles of safety contained herein.

NOTE The need for additional detailed requirements to cope with a new situation should be brought promptly to
the attention of the appropriate committee.
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1.3.5

Equivalent materials

Where the standard specifies a particular grade of insulation, the use of a better grade of
insulation is permitted. Similarly, where the standard requires material of a particular
FLAMMABILITY CLASS, the use of a better class is permitted.

1.3.6

Orientation during transport and use

Where it is clear that the orientation of use of equipment is likely to have a significant effect
on the application of the requirements or the results of tests, all orientations of use permitted
in the installation or USER instructions shall be taken into account. For TRANSPORTABLE
EQUIPMENT, all orientations of transport and use shall be taken into account.

NOTE T

1.3.7

Where
differen

1.3.8

he above may apply to 4.1, 4.5, 4.6 and 5.3.

Choice of criteria

he standard permits a choice between different crite
methods or conditions of test, the choice is specifig

Examples mentioned in the standard

are givgn in the standard, prefaced by/for exa

and sollitions are not excluded.

1.3.9

For the| electrical requir
conductjve parts.

1.4 (eneral condit
1.41 Applic

The tes

Conductive liquids

s detailed

If it is evi

applicah

Unless

1.4.2

Type tests

between

d faults
tuations

hted as

5t is not

ational.

Except where otherwise stated, the tests specified in this standard are TYPE TESTS.

1.4.3

Test samples

Unless otherwise specified, the sample or samples under test shall be representative of
the equipment the USER would receive, or shall be the actual equipment ready for shipment to
the USER.
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As an alternative to carrying out tests on the complete equipment, tests may be carried out
separately on circuits, components or subassemblies outside the equipment, provided that
inspection of the equipment and circuit arrangements indicates that the results of such testing
will be representative of the results of testing the assembled equipment. If any such test
indicates a likelihood of non-conformance in the complete equipment, the test shall be
repeated in the equipment.

If a test specified in this standard could be destructive, it is permitted to use a model to
represent the condition to be evaluated.

NOTE 1

- comp

The tests should be carried out in the following order:

onent or material pre-selection;

— comp
— tests
- livet
. y
. y
. i

NOTE 2
parties cg

1.4.4

Except
clear th
under tH
the follo

— Supq
— SUup(

— ope]

— adju
ARE/

. E

i d

q

— operfating te R
— phydical locatioh ¢ i sition of movable parts;

onent or subassembly bench tests;

where the equipment is not energized;

psts:

nder normal operating conditions;
nder abnormal operating conditions;
volving likely destruction.

In view of the resources involved in testing and in orde
ncerned jointly consider the test programme, the test sg

Operating parameters for te

pt there is a significant impact gn c est, the tests shall be car
e most unfavourable combinatjon withi mfacturer's operating specificg

the use of a TOOL; or

means, such as a key or a TOOL, deliberately provided

1.4.5

Supply voltage for tests

d that all

bre it is
ried out
tions of

ACCESS

for the

In determining the most unfavourable voltage for the power to energize the equipment under
test (EUT), the following variables shall be taken into account:

— mult

iple RATED VOLTAGES;

— tolerances on RATED VOLTAGE as specified below;

— extremes of RATED VOLTAGE RANGES.
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If the equipment is intended for direct connection to an AC MAINS SUPPLY, the tolerances on

RATED VOLTAGE shall be taken as +6 % and —10 %, unless:

— the RATED VOLTAGE is 230V single-phase or 400V three-phase,

tolerance shall be taken as +10 % and —10 %; or

in which case the

— a wider tolerance is declared by the manufacturer, in which case the tolerance shall be

taken as this wider value.

If the equipment is intended only for connection to an a.c. mains equivalent source, such as a

motor-driven generator or an uninterruptible power supply (see 1.2.8.1),

or a source other

than an AC MAINS SUPPLY or a DC MAINS SUPPLY, the tolerances on RATED VOLTAGE shall be

declared by the manufacturer.

If equipment is intended for connection to a DC MAINS SUPPLY, the tole
+20 % gnd —15 %, unless declared otherwise by the manufacturer.

When testing equipment designed for d.c. only, the possible
taken into account.

1.4.6 Supply frequency for tests

In deterfmining the most unfavourable frequency for{ th
RATED HREQUENCIES within the RATED FREQUE R
example, 50 Hz and 60 Hz) but cansidera

(for example, 50 Hz £ 0,5 Hz) is not no

ts
Electrical measuring ing
reading$, taking into agcoux s'(d.c.,
and harmonic content) ‘ i

shall b¢ taken that
waveforms as w

1.4.7 Electrical measuring instrumen

yuate bandwidth to provide
MAINS SUPPLY frequency, high frégquency
dsured. If the r.m.s. value is measurgd, care
give true r.m.s. readings of non-sinusoidal

aken as

shall be

, flifferent

unt (for
QUENCY

accurate

1.4.8

For the

— dete XGES (see 1.2.9.6); and

— classify e equipment as ELV CIRCUITS, SELV CIRCUITS, TNV-1 CIRCUIT|S, TNV-2
CIRCUITS, RCUITS, or HAZARDOUS VOLTAGE circuits;

the follgwihgvoltages shall be considered:

— normal operating voltages generated in the equipment, including repetitive peak voltages

such as those associated with switch mode power supplies;

— normal operating voltages generated outside the equipment, including ringing signals

received from TELECOMMUNICATION NETWORKS.
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For these purposes, unwanted, externally generated, non-repetitive transient voltages
(for example, MAINS TRANSIENT VOLTAGES and TELECOMMUNICATION NETWORK TRANSIENT
VOLTAGES) induced by power distribution system switching and lightning surges, shall not be

considered:

— when determining WORKING VOLTAGES, because such transients have been taken into
account in the procedures for determining minimum CLEARANCES, see 2.10.3 and annex G;

— when classifying circuits in the equipment, except when distinguishing between SELvV
CIRCUITS and TNV-1 CIRCUITS and between TNV-2 CIRCUITS and TNV-3 CIRCUITS, see 1.2.8.10,

table 1A.

NOTE The effects of unwanted steady-state voltages generated outside the equipment (for example, earth
potential differences and voltages induced on TELECOMMUNICATION NETWORKS by electric_train systems) are

controlled by installation practices or by appropriate isolation in the equipment. Such
dependent and are not dealt with by this standard.

1.4.9 Measurement of voltage to earth

Where fthe standard specifies a voltage between a conduct
following earthed parts are considered:

— the protective earthing terminal (if any); and

— any |other conductive part required to be conpec
see P.6.1); and

— any ponductive part that is earthed withjn

unearthgd in the equipment as tested/ sh

resistor{of 5 000 Q = 1Q

to other equipment,

all_be d to earth at the point by which the
highest|voltage is obtained, When measu a0 between earth and a condugtor in a
circuit that will not be ea i intended-application of the equipment, a non-

g the voltage measuring instrume

easures are gpplication

| of the
bxample

but are

:Tductive
t.

Voltage ONDUCTOR of the power supply cord, ¢r in an

earthed S c iri g’not included in the measurements.

1.4.10

In determini 9 and where other test results could be affected, the fpllowing

variable Shsi nd adjusted to give the most unfavourable results:

— load i atures, offered or provided by the manufacturer for inclusion in or
with

— loadp due)to otk
the EUT;

units of equipment intended by the manufacturer to draw power from

— loads which could be connected to any standard supply outlets in OPERATOR ACCESS AREAS

on the equipment, up to the value indicated in the marking required by 1.7.5.

It is permitted to use artificial loads to simulate such loads during testing.


https://iecnorm.com/api/?name=eb66d5dcf626986f57ea5da2f86c61bc

60950-1 © IEC:2001 - 81—

1.4.11 Power from a telecommunication network

For the purpose of this standard, the power available from a TELECOMMUNICATION NETWORK is
considered to be limited to 15 VA.

1.4.12 Temperature measurement conditions
1.4.121 General

Temperatures measured on the EUT shall conform to 1.4.12.2 or 1.4.12.3, as applicable, all
temperatures being in degrees Celsius (°C); where

T ietha tam atura af tha Aivvan nart Mmoo
ISR e—+et ature—o—he-gHver—partrhea

reitipns;

Tmax s the maximum temperature specified for compliance with the
Tamb is the ambient temperature during test;

Tma is the maximum ambient temperature permitted by the htion, or

25 °C, whichever is greater.

1.4.12.2 Temperature dependent equipment

For equ to be depenfdent on
tempers L, higher speed at @& higher
tempersz least favourable jpmbient

temperd

NOTE 1 eral tests

at differer]

NOTE 2

1.4.12.3

For equipment w dent on
ambient ‘ ted fo use the method in 1.4.12.2. Alternatively, th¢ test is
perform In this

case:

1.4.13

Unless a particular method is specified, the temperatures of windings shall be determined
either by the thermocouple method or by the resistance method (see annex E). The
temperatures of parts other than windings shall be determined by the thermocouple method.
Any other suitable method of temperature measurement, which does not noticeably influence
the thermal balance and which achieves an accuracy sufficient to show compliance, is also
permitted. The choice of and position of temperature sensors shall be made so that they have
minimum effect on the temperature of the part under test.
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1.4.14 Simulated faults and abnormal conditions

Where it is required to apply simulated faults or abnormal operating conditions, these shall be
applied in turn and one at a time. Faults which are the direct consequence of a simulated fault
or abnormal operating condition are considered to be part of that simulated fault or abnormal
operating condition.

When applying simulated faults or abnormal operating conditions, parts, supplies, consumable
materials, media and recording materials shall be in place if they are likely to have an effect
on the outcome of the test.

Where there is a specific reference to a single fault, the single fault consistsof a single failure
of any ipsulation (excluding DOUBLE INSULATION or REINFORCED INSULATION) or asinglé failure
of any gomponent (excluding components with DOUBLE INSULATION or REINRO ATION).

The equliipment, circuit diagrams and component specifications_ars i termine

those fqult conditions that might reasonably be expected to oc ' i

— shor circuits and open circuits of semiconductor device

— faulfls causing continuous dissipation in resistors dg

— inten

— failu
* gccessible conductive parts;
* €
* parts of SELV CIRCUITS;
* parts of LIMITED CURR

1.4.15 | Compliance |

Where in this st

inspectipn or by tes
relevant 8
TYPE TE

cked by
ing any

1.5 G
1.51

Where pafetynis olved, components shall comply either with the requirements| of this
standargl or with the Safety aspects of the relevant IEC component standards.

NOTE 1 An IEC component standard is considered relevant only if the component in question clearly falls within
its scope.

NOTE 2 In Sweden, switches containing mercury are not allowed.

A component which is to be connected to an SELV CIRCUIT and also to an ELV CIRCUIT or to a
part at HAZARDOUS VOLTAGE shall comply with the requirements of 2.2.

NOTE 3 An example of such a component is a relay with different supplies connected to different elements
(coils and contacts).
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1.5.2 Evaluation and testing of components
Evaluation and testing of components shall be carried out as follows:

— a component that has been demonstrated to comply with a standard harmonized with the
relevant IEC component standard shall be checked for correct application and use in
accordance with its rating. It shall be subjected to the applicable tests of this standard as
part of the equipment with the exception of those tests which are part of the relevant
IEC component standard;

— a component that has not been demonstrated to comply with a relevant standard as above
shall be checked for correct application and use in accordance with its specified rating. It
shall be subjected to the applicable tests of this standard, as part of the equipment, and to
the pplicable tests of the component standard, under the conditiogns oecurrin§ in the

equipbment;
NOTE The applicable test for compliance with a component standard is, in gepé rately.

— whete no relevant IEC component standard exists, or wh ?lsed in
circy : b tested
under the conditions occurring in the equipment. The nyibe € ] for test

is, in general, the same as required by an equivalent st

1.5.3 Thermal controls

Thermal controls shall be tested in accordance W

1.54 Transformers

Transfofmers shall comply with the rel hose of

annex {.

1.5.5 Interconnect

INTERCO NNECTIN@B
requirements of {

whether they are defa

relevant
tandard

For INTE d 5 supplied alone (for example, printer cables), it is permitted to
apply thie require ~

ables, or those parts of cables, that are within an equipment
CONNECTING CABLES or as internal wiring.

It is pe
ENCLOS

1.5.6 Capacitors in primary circuits

A capacitor connected between two line conductors of the PRIMARY CIRCUIT, or between
one line conductor and the neutral conductor, shall comply with IEC 60384-14:1993,
subclass X1 or X2. The duration of the damp heat, steady state test as specified in 4.12 of
IEC 60384-14:1993 shall be 21 days.

A capacitor connected between the PRIMARY CIRCUIT and protective earth shall comply with
IEC 60384-14:1993, subclass Y1, Y2 or Y4, as applicable.

NOTE The above requirement does not apply to a capacitor connected from a HAZARDOUS VOLTAGE SECONDARY
CIRCUIT to earth. For such a capacitor, the electric strength test of 5.2.2 is considered sufficient.

Compliance is checked by inspection.
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1.5.7

1.5.7.1

Double insulation or reinforced insulation bridged by components

General

Compliance with 1.5.7.2 to 1.5.7.4 is checked by inspection and relevant tests.

1.5.7.2

Bridging capacitors

It is permitted to bridge DOUBLE INSULATION or REINFORCED INSULATION by:

— a single capacitor complying with IEC 60384-14:1993, subclass Y1; or

— a single capacitor complying with IEC 60384-14:1993, subclass Y2, where the equipment

RATEBVOLEFAGE e lace than A0 \/ \awith roacnact 0 Antitral Ay Aarth: A
oo~V o TR TS eSSt oo V—wWtr—TeoSpe Sotrar—ort

- two

T T CToOPTTTtoTT Tt Ot

Capacitors in series, each complying with IEC 60384-14:1993,

A Y1 c ash, is
conside

Where ORKING
VOLTAGH

1.5.7.3

It is pe stors in
series. Dr BASIC
INSULAT|ON or SUPPLEMENTARY INSULATIO 3 for the
total WORKING VOLTAGE across the pair a e the same nominal resistance value.
1.5.7.4

Where DOUBLE
INSULAT|ON or REINFO ce with

1.5.7.2 |lor 1.5.7 ents for
LIMITED CURRENT testing
of the in

1.5.8

For eqyi hnected
betweel b-to-line
voltage. nitted in
such ap|

NOTE 1 |The above capacitors are endurance tested at 1,7 times the voltage rating of the capacitor.

NOTE 2 Tn Norway, due to the IT power distribution system used (S€ee annex V, figure V.7), capacitors are

required to be rated for the applicable line-to-line voltage (230 V).

Compliance is checked by inspection.
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1.6 Power interface
1.6.1 AC power distribution systems

AC power distribution systems are classified as TN, TT or IT (see annex V).

NOTE In Australia, TN-S and other systems apply.

1.6.2 Input current

The steady state input current of the equipment shall not exceed the RATED CURRENT by more
than 10 % under NORMAL LOAD.

NOTE Sge also 1.4.10.

Complignce is checked by measuring the input current of the eq AL LOAD

under the following conditions:

— whete an equipment has more than one RATED VOLTAGE, th sured at

each RATED VOLTAGE;

— whefe an equipment has one or more RATED VOLTAG ANGE ] rrent is
meafsured at each end of each RATED VOLTAGE R S ing f RATED
CURRENT is marked (see 1.7.1), it is compared wijtk th current

ENT are
d in the

meafsured in the associated voltage range
marked, separated by a hyphen, the
assqciated voltage range.

currént has stabilized. If the| current
ate current is taken as the mean
. ammeter, during a representative

In each| case, the readings are taken
varies quring the normal operating
indication of the value, mg
period.

1.6.3 Voltage limit

The RATED VOLT@

Complisg

1.6.4

The nel nout the
equipmen aAine conductor. Components connected between neutral anpd earth
shall be

Compligneg’is checked by inspection.
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1.7 Markings and instructions

NOTE Additional requirements for markings and instructions are contained in the following subclauses:

21.1.2 USER access within battery compartments

2.3.2 Separation from other circuits and from accessible parts

2.6.1 Unearthed parts in SERVICE ACCESS AREAS

2.6.2 Functional earthing

271 Protection provided by the building installation

2.7.6 Neutral fusing

3.2.1.2 Connection of a DC MAINS SUPPLY

3.3.7 Grouping of wiring terminals

3.4.6 Provision of two-pole disconnect devices

3.4.7 Provision of four pnln disconnect-devices

3.4.9 Plugs as disconnect devices

3.4.10 Interconnected equipment

3.4.11 Multiple power sources

4.1 Equipment stability

4.3.3 Adjustable controls

4.3.5 Connection of plugs and sockets

4.3.13.4 Human exposure to UV radiation

4.3.13.5 Classification of equipment containing a laser

4.4.2 Hazardous moving parts

4.5.1,|table 4B Marking of hot parts

4.6.2 Stationary equipment on non-combugti

4.6.3

5.1.7

5.1.8.2

6.1.1

6.1.2.2

71

7.3.1

G.2.1
Complignce wit gpecified
(see 1.1
1.71
Equipment s a power rating marking, the purpose of which is to specify a
supply @f and frequency, and of adequate current-carrying capacity.
If a uni d with a means for direct connection to an AC MAINS SUPPLY |or a DC
MAINS SPPPRLY it ¥ not be marked with any electrical rating, such as its RATED VIOLTAGE,
RATED CJURRENT or RATED FREQUENCY.

For equipment intended to be installed by an OPERATOR, the marking shall be readily visible in
an OPERATOR ACCESS AREA, including any area that is directly visible only after an OPERATOR
has opened a door or cover. If a manual voltage selector is not OPERATOR-accessible, the
marking shall indicate the RATED VOLTAGE for which the equipment is set during manufacture;
a temporary marker is permitted for this purpose. Marking is permitted on any outer surface of
the equipment, except the bottom of equipment having a mass exceeding 18 kg. Additionally,
on STATIONARY EQUIPMENT, the marking shall be visible after the equipment has been installed

as in no

rmal use.
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For equipment intended to be installed by a SERVICE PERSON, and if the marking is in a
SERVICE ACCESS AREA, the location of the permanent marking shall be indicated in the
installation instructions or on a readily visible marker on the equipment. It is permitted to use

a temporary marker for this purpose.

The marking shall include the following:

— RATED VOLTAGE(S) or RATED VOLTAGE RANGE(S), in volts;

+ the voltage range shall have a hyphen (-) between the minimum and maximum RATED
VOLTAGES. When multiple RATED VOLTAGES or RATED VOLTAGE RANGES are given, they

shall be separated by a solidus (/).

— Q : £ s
NOT L1 LUITIE CAAITIPICS UT' RATED VUL TAGE TITATRITIYS dTT.

C MAINS SUPPLY having any voltage between 220 V and 240 V.

R
A

—  Nlultiple RATED VOLTAGE: 120/230/240 V. This means that the equipment i
AC MAINS SUPPLY having a voltage of 120 V or 230 V or 240 V, usually 2

ATED VOLTAGE RANGE: 220-240 V. This means that the equipment is desig

to be cennegted to an

3ed to an

* if equipment is to be connected to both of the line neutral
gonductor of a single-phase, 3-wire power distribu}io all give
the line-to-neutral voltage and the line-to-line volt (1), with
the added notation "Three wires plus protectiv K" orequivalent.

NOTHE 2 Some examples of the above system rating markings a

120/440 V; 3 wire + PE

120/240 V; 3W + @ (60417-1-IEC-5019

100/400 V; 2W + N + PE

— sym

— RATHD FREQUENCY Or RA L i rtz, unless the equipment is designed
for d.c. only;

— RATHD CURRENT, in

+ fpr equipprent iphe .RAREDWOLFAGES, the corresponding RATED CURRENTS shall
e markedt suc S urfent ratings are separated by a solidus (/)[and the

relation betwe

an/be operated simultaneously.

d associated RATED CURRENT appears distingtly;

:
F

t

9 - on\the unit which is directly connected to an AC MAINS SUPPLY|or a DC
N . RATED CURRENT marked on that unit shall be the total maximum
g on circuit at the same time and shall include the combined furrents
t e group that can be supplied simultaneously through the unit §nd that
q

NOTE 3~ Some examples of RATED CURRENT markings are:
— for equipment with multiple RATED VOLTAGES;

120/240 V; 2,4/1,2 A
—  for equipment with a RATED VOLTAGE RANGE;

100-240 V; 2,8 A

100-240 V; 2,8-1,4 A

100-120 V; 2,8 A

200-240 V; 1,4 A

It is recognized that in some regions it is customary to use a point (.) as a decimal marker instead of a comma.
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— manufacturer's name or trade-mark or identification mark;

— manufacturer's model or type reference;
— symbol @ (60417-1-1EC-5172), for CLASS Il EQUIPMENT only.

Additional markings are permitted, provided that they do not give rise to misunderstanding.

Where symbols are used, they shall conform to ISO 7000 or IEC 60417-1 where appropriate

symbols exist.

1.7.2 Safety instructions

Sufficiept—mformmatiomrstattbeprovidedtotheusERToncermimgany conditioy Tecessary to

ensure |that, when used as prescribed by the manufacturer, the unlikely

to presgnt a hazard within the meaning of this standard.

If it is [necessary to take special precautions to avoid the s when

operating, installing, servicing, transporting or storing equipmg ry instructions

shall belmade available.

NOTE 1 |Special precautions may be necessary, for example, for Lpply and

for the interconnection of separate units, if any.

NOTE 2

NOTE 3

NOTE 4 A intended for connectiop to other

equipmen earth or if surge supprefsors are

connecte ing stating that the equipmer]t must be

connecte

The opgrating instructions tighs for PLUGGABLE EQUIPMENT iptended

for USER installation, shal

Where {he disconnectldevice\s i ated in the equipment (see 3.4.3) or wrnere the

plug on|the po isN serve as the disconnect device, the installation

instructions shall

— for H shall be
incof

— forA e socket-outlet shall be installed near the equipment and shall
be €

For equ oduce ozone, the installation and operating instructions shfall refer

to the need to:ta gcautions to ensure that the concentration of ozone is limited tp a safe

value.

NOTE 5 The present recommended long term exposure Timit for ozone is 0,1 ppm (0,2 mg/m?3) calculated as an

8 h time-weighted average concentration. It should be noted that ozone is heavier than air.
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1.7.3 Short duty cycles
Equipment intended for SHORT-TIME OPERATION or for INTERMITTENT OPERATION shall be marked

with RATED OPERATING TIME, or RATED OPERATING TIME and rated resting time respectively,
unless the operating time is limited by the construction or by the definition of its NORMAL LOAD.

The marking of SHORT-TIME OPERATION or INTERMITTENT OPERATION shall correspond to normal use.

The marking of INTERMITTENT OPERATION shall be such that the RATED OPERATING TIME
precedes the rated resting time, the two markings being separated by a solidus (/).

1.7.4 Supply-veltageadjustment

For eqyipment intended for connection to multiple RATED VOLTAG
method |of adjustment shall be fully described in the servicing or ins

ES, the

Unless and the
setting he shall
appear

1.7.5
If any sfandard power supply outlet in t i i , @a marking
shall be i aximum load that is permitt¢d to be

Socket- 5.

1.7.6

Marking r, or in
another he fuse
current . S different voltage rating value could be fitted, the fuse
voltage [rati

Where fuses with8 i i isti i i dcity are
necessa R

For fuspsi/not located in OPERATOR ACCESS AREAS and for soldered-in fuses logated in
OPERATORACCESS AREAS; it is pnrmiHnd to prn\/idn an ||hnmhig||n||e cross=referehce (for
example, F1, F2, etc.) to the servicing instructions which shall contain the relevant
information.

NOTE See 2.7.6 regarding other warnings to SERVICE PERSONS.
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1.7.7 Wiring terminals
1.7.71 Protective earthing and bonding terminals

A wiring terminal intended for connection of a PROTECTIVE EARTHING CONDUCTOR shall be
indicated by the symbol@(60417-1-IEC-5019). This symbol shall not be used for other

earthing terminals.

It is not a requirement to mark terminals for PROTECTIVE BONDING CONDUCTORS, but where such
terminals are marked, the symbol ; (60417-1-1EC-5017) shall be used.

The foll'\\uihn citriatinne ara avamnt fram tha ahava ra
uuuu S-St sare-exXxeptrrorm—te—aoove+e

— whefe terminals for the connection of a supply are provided on a
a tefminal block) or subassembly (for example, a power supp

permitted for the protective earthing terminal instead of @;

xample,
bol | is

— on s mbol ;

prov

These S d when

These
CONDUC

ARTHING
uctors.

1.7.7.2

For PERMANENTLY CONNE E POWER

SUPPLY LORDS:

— termlinals intende uctor, if
any,|shall b

— on three-phas br other
hazgrd, termina shall be
mar i - 8 junction with any installation instructions, the s@quence
of phase ion i

These i emoved

when cq

1.7.7.3

For PERMANENTLY-CONNECTED EQUIPMENT and nqllipmnnt with nrdinary NON=DEFACHABLE POWER

SUPPLY CORDS, terminals intended exclusively for connection of a DC MAINS SUPPLY shall be
marked to indicate polarity.

If a single terminal is provided, both as a main protective earthing terminal in the equipment
and for the connection to one pole of the DC MAINS SUPPLY, it shall be marked as specified in
1.7.7.1, in addition to polarity marking.

These indications shall not be located on screws or other parts which might be removed when
conductors are being connected.
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1.7.8 Controls and indicators
1.7.8.1 Identification, location and marking

Unless it is obviously unnecessary, indicators, switches and other controls affecting safety
shall be identified or located so as to indicate clearly which function they control.

Markings and indications for switches and other controls shall be located either:

— on or adjacent to the switch or control, or
— elsewhere, provided that it is obvious to which switch or control the marking applies.

Indicatigns used for this purpose shall, wherever practicable, be comprehensible, Without a
knowleqge of languages, national standards, etc.

1.7.8.2 Colours

60073.
red, is

Where pafety is involved, colours of controls and indicators
Where folours are used for functional controls or indica
permittgd provided that it is clear that safety is not involved:

1.7.8.3 Symbols

Where { S 1 itches and push puttons)
to indicate "ON" and "OFF" conditions)\theysha y "ON" and circle O fqr "OFF"

(60417- switches the symbol|(D shall
be used

It is pefmitted to use the \ i the "OFF" and "ON" positiong of any
primary t

A "STAN

1.7.8.4

different positions of any control, the "OFF" position shall be
and higher figures shall be used to indicate greater| output,

If figure
indicate
input, e

1.7.9

Where fhefe is more than one connection supplying HAZARDOUS VOLTAGES or HAZARDOUS
ENERGY tEVELStoequipment—apromimentmarking;tocated—ctosetothe—entrypointprovided
for a SERVICE PERSON to gain access to the hazardous parts, shall be provided to indicate
which disconnect device or devices isolate the equipment completely and which disconnect
devices can be used to isolate each section of the equipment.
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1.7.10 IT power distribution systems

If the equipment has been designed or, when required, modified for connection to an IT power
distribution system, the equipment installation instructions shall so state.

1.7.11 Thermostats and other regulating devices

THERMOSTATS and similar regulating devices intended to be adjusted during installation or in
normal use shall be provided with an indication for the direction of adjustment to increase or
decrease the value of the characteristic being adjusted. Indication by the symbols + and —
permitted.

1.7.12 | Language

Instructlons and equipment marking related to safety shall be ) hich is
acceptaple in the country in which the equipment is to be installed.

NOTE 1 only.
NOTE 2 hge.
1.7.13

Any mdrki i i ible. In considefing the

durabilif account

Complig mdrking by hand for 15 $ with a
piece 0O with a piece of cloth soaHKed with
petroled remove
marking

The petroleum spirit tp S ; ] 1 ] aximum
aromati¢ point of
approxi volume
of apprd

1.7.14

Marking can be
replace(

1.7.15

If an eq lement is prowded W|th a replaceable battery, and if replacement by an mcorrect type

Id H N an A lacian ath corma Lithe hattariac tha fallaa I' -
cou resttt——ah CKXPTOSTOT \lul \;I\UIIIPI\;, WHHR-SoOme—HtRHdm uulLulluo/, T |u||uvv|||3 upp 1es:

— if the battery is placed in an OPERATOR ACCESS AREA, there shall be a marking close to the
battery or a statement in both the operating and the servicing instructions;

— if the battery is placed elsewhere in the equipment, there shall be a marking close to the
battery or a statement in the servicing instructions.
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This marking or statement shall include the following or similar text:

CAUTION
RISK OF EXPLOSION IF BATTERY

IS REPLACED

BY AN INCORRECT TYPE.
DISPOSE OF USED BATTERIES ACCORDING
TO THE INSTRUCTIONS

1.7.16 Operator access with a tool

If a TO]OL is necessary to gain access to an OPERATOR ACCESS
compar{ments within that area containing a hazard shall be inaccessi
the use|of the same TOOL, or such compartments shall be marked

access.

An accgptable marking for an electric shock hazard is A

1.7.17

For equ
instructi

Il other
ATOR by
ERATOR

BSS LOCATION, the ingjftallation
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2 Protection from hazards

21 P

rotection from electric shock and energy hazards

NOTE In Australia, additional requirements apply.

211

Protection in operator access areas

This subclause specifies requirements for protection against electric shock from energized
parts based on the principle that the OPERATOR is permitted to have access to:

— bare_parts of SELV CIRCUITS; and

— bare

— TNV

Access

Additiorjal requirements are specified in 2.1.1.5 for protectjo

21.1.1

The eq
protecti

— barg parts of ELV CIRCUITS; and
— barg parts at HAZARDOUS VOLTAGES{ and

TIONAL INSULATION ULAOf parts
permitted in 2.1.1.3;

— FUN

- FUN

NOTE 1
ordinary
self-hard

— unedfrthed condus - éd from ELV CIRCUITS or from parts at HAZ
VOLT NSNLATION or BASIC INSULATION only; and

— Dbare > cept that access is permitted to:

NOTE 2

parts of LIMITED CURRENT CIRCUITS; and
CIRCUITS under the conditions specified in 2.1.1.1.

Access to energized parts

S AREAS there is a

wipment shall be so constructed that in
bn against contact with:

or wiring in ELV CIRCUITS, eX

t'is\pot limjited to, insulation, such as lacquer, solvent-base
or displasgable jrisulation such as beads and sealing compounds

FUNCTIONAL NSUL
paper, cottg
gning resin.

hich cannot be touched by the test probe (figure 2C);
ts in the interior of a battery compartment that compl

DO o

=

Hequate

cept as

ES; and

 enamel,
ther than

ARDOUS

es with

brdance

yith(2.6.1 e) to a protective earthing terminal;

bare conductive parts of connectors in TNv-1 CIRCUITS that are separated from

unearthed accessible conductive parts of the equipment in accordance with 6.2

A typical application is the shell for a coaxial connector.

A

NOTE 3 Access to TNV-1 CIRCUITS and TNV-3 CIRCUITS via other circuits is also restricted by 6.2.1 in some cases.

Unrestricted access is permitted to LIMITED CURRENT CIRCUITS.
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These requirements apply for all positions of the equipment when it is wired and operated as

in normal use.
Protection shall be achieved by insulation or by guarding or by the use of interlocks.

Compliance is checked by all of the following.

a) Inspection.

b) A test with the test finger, figure 2A, which shall not contact parts described above when
applied to openings in the ENCLOSURES after removal of parts that can be detached by an
OPERATOR, /nclud/ng fuseholders and W/th OPERATOR access doors and covers open. It is

c) At

be

the instg

Opening
a straig
finger €
any nec

NOTE 4
applicatio

The ab
HAZARD
is not pE
the test
This air
INSULATION Specified jh 2.10.3 or shall withstand the relevant electric strength test
(See figure’F 12, point A.)

ed by an
also be

JARDOUS

hat can
ce, and

reciable
2 mass

ipment,
tailed in

eans of
njointed
ing using

that the

only to

,| contact

WGE and
bosition.
Dr BASIC
n 5.2.2.

If components are movable, for instance, for the purpose of belt tensioning, the test with the
test finger is made with each component in its most unfavourable position within the range of

adjustment, the belt being removed, if necessary, for this purpose.
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180

| N90°
,,,,,@,is,
‘ Q
2

3

A
Cylindrical %

Section

Insulating material

Part 3

Linear din

Toleran cific tolerances:

N

IEC 432/99

- 14° +15’

- onr +0,1 mm

— onli
<15 _8’1 mm
>15 mm £ 25 mm: +0,1 mm
>25 mm: 0,3 mm

Material of finger: heat-treated steel, for example.

Both joints of this finger can be bent through an angle of 90° +18°but in one and the same

direction only.

NOTE 1 Using the pin and groove solution is only one of the possible approaches in order to limit the bending
angle to 90°. For this reason, dimensions and tolerances of these details are not given in the drawing. The actual

design must insure a 90° bending angle with a 0° to +10° tolerance.

NOTE 2 Dimensions in parentheses are for information only.

NOTE 3 The test finger is taken from IEC 61032, figure 2, test probe B. In some cases, the tolerances are

different.

Figure 2A — Test finger
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0
20 4. 159,
05— -
< °g
™
S Q
o -t
+l ~ _ _ N I e
S I
Q

IEC 433/99

Dimensiohs in millimetres

The har|dle dimensions (& 10 and 20) are not critical.

NOTE The test pin dimensions are those given in IEC 61032, figure 8 ases the

tolerances are different.

Figure 2B - Test pi

Non-conductive npaterial

Handle

IEG 434/99
Dimensio

Figure 2C - Test probe

21.1.2 Battery cémpartments

Access to bare conductive parts of TNV CIRcUITS within a battery compartment in the
equipment is permitted if all of the following conditions are met:

— the compartment has a door that requires a deliberate technique to open, such as the use
of a TOOL or latching device; and
— the TNV CIRCUIT is not accessible when the door is closed; and

— there is a marking next to the door, or on the door if the door is secured to the equipment,
with instructions for protection of the USER once the door is opened.

NOTE Information stating that the telephone cord is to be disconnected prior to opening the door is an example of
an acceptable instruction.

Compliance is checked by inspection.
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2113 Access to ELV wiring

Insulation of internal wiring in an ELV CIRCUIT is permitted to be accessible to an OPERATOR
provided that:

a) the insulation meets the requirements for SUPPLEMENTARY INSULATION detailed in 3.1.4; or
b) all of the following apply:

— the wiring does not need to be handled by the OPERATOR and is so placed that the
OPERATOR is unlikely to pull on it, or is so fixed that the connecting points are relieved
from strain; and

— the wiring is routed and fixed so as not to touch unearthed accessible conductive
arts;and

— the insulation passes the electric strength test of 5.2.2 for sup ENTARYNNSULATION;
nd

— the distance through the insulation is not less than that given\n tablg 2A"

Q)

Table 2A - Distance through insulation?i{

WORKING VOLTAGE \I“:'kni Wance
(in case of failure of BASIC INSULATION)/\ through insulation

V peak or d.c. V r.m.s. (sianoic(aIy mm
Over 71, up to 350 \/ 0,17
Over 350 &s\ 0,31
Complignce is checked by jrspection and &nd by the test of 5.2.2.

21.1.4 Access to

Where fhe insula
or is no
shall me

FRATOR,
parts, it

Complig
2.1.1.5

There s

Complignee‘is checkéd by inspection and measurement and, if necessary, by tests.

a) A risk of injury due to an energy hazard exists if it is likely that two or more bare parts
(one of which may be earthed) between which a HAZARDOUS ENERGY LEVEL exists, will be
bridged by a metallic object.

b) The likelihood of bridging the parts under consideration is determined by means of the test
finger, figure 2A (see 2.1.1.1), in a straight position. It shall not be possible to bridge the
parts with this test finger, applied without appreciable force.

c) The existence of a HAZARDOUS ENERGY LEVEL is determined as follows:
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1) with the equipment operating under normal operating conditions, a variable resistive
load is connected to the parts under consideration and adjusted to obtain a level of
240 VA. Further adjustment is made, if necessary, to maintain 240 VA for a period of
60 s. If the voltage is 2 V or more, the output power is at a HAZARDOUS ENERGY LEVEL,
unless an overcurrent protective device opens during the above test, or for any other
reason the power cannot be maintained at 240 VA for 60 s;

2) the stored energy in a capacitor is at a HAZARDOUS ENERGY LEVEL if the voltage, U, is 2 V
or more, and the stored energy, E, calculated from the following equation, exceeds 20 J:

E=0,5CU2x 10-6

where

E is

the enerqgy, in joules (J);

Cis
Uis
2.1.1.6

Conduc
parts at

In addilli]on, conductive operating knobs, handle

moved i

— be s
INSU

— have
Complig
21.1.7

Equipm
SUPPLY

connectled in the ¢

Complisg
into acc
position

Equipm
exceedi
a mean

the capacitance, in microfarads (uF);
the measured voltage on the capacitor, in volts (V).

Manual controls

ive shafts of operating knobs, handles, levers an be conn

HAZARDOUS VOLTAGES, to ELV CIRCUITS or to TN

normal use and which are ea

| ATION; or

their accessible parts covered

bnt is“considered to comply if any capacitor having a marked or nominal cap
ng 0;4 uF and in circuits connected to the AC MAINS SUPPLY or the DC MAINS SUH

bcted to

e which are manually
pbearing, shall eithgr:

-

FORCED

C MAINS

lpacitors

, taking
n either

hcitance
PLY has

b of“discharge resulting in a time constant not exceeding:

— 1 s for PLUGGABLE EQUIPMENT TYPE A; and

- 10s

for PERMANENTLY CONNECTED EQUIPMENT and for PLUGGABLE EQUIPMENT TYPE B.

The relevant time constant is the product of the effective capacitance in microfarads and the
effective discharge resistance in megohms. If it is difficult to determine the effective
capacitance and resistance values, a measurement of voltage decay at the point of external
disconnection can be used.

NOTE During an interval equal to one time constant, the voltage will have decayed to 37 % of its original value.
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Protection in service access areas

In a SERVICE ACCESS AREA, the following requirements apply.

Bare parts at HAZARDOUS VOLTAGES shall be located or guarded so that unintentional contact
with such parts is unlikely during service operations involving other parts of the equipment.

Bare parts at HAZARDOUS VOLTAGE shall be located or guarded so that accidental shorting to
SELV CIRCUITS or to TNV CIRCUITS (for example, by TOOLS or test probes used by a SERVICE
PERSON) is unlikely.

No requ

acifiad raaardina Annnce A CIV, AIDAITNITO Ar A TAN/ eTERASINITO
cCcea < tO— T tO— TNV oSO

bare p4

operatid

Any guards required for compliance with 2.1.2 shall be easily

remova

Complig
uninten
access
HAZARD

21.3

OPERAT

If a SEQ
that con
finger,

unintenfional con

Bare p4

unintenfional bri

No requi
CIRCUIT$.

Complig
uninten

oo Ttg oo Tt oo TV oMo UoUTTo—OT

present a HAZARDOUS ENERGY LEVEL shall be locate

ns involving other parts of the equipment.

is necessary for servicing.

ONDARY CIRCUI
nplies with 2.3.
igure 2

rts that

ncel is checked by inspection and measurement. In deciding whether
ional contact is likely, account is taken of the need to gain access past, or nea

wever,
so that
service

eable if

or not
to gain
jon of a

bnts for

bnerator
the test
ed that

so that

d TNV-3

or not
r to, the

bare pa

tsFordetermmimation of @ HAZARDOUS ENERGY tEVELSee 215 T):
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2.2 SELV circuits
2.21 General requirements

SELV CIRCUITS shall exhibit voltages that are safe to touch both under normal operating

conditio
CIRCUIT

ns and after a single fault (see 1.4.14).
(open circuit), the voltage limits of 2.2.2 and 2.2.3 shall not be exceeded.

Compliance with 2.2.1 to 2.2.4 is checked by inspection and relevant tests.

If no external load is applied to the SELV

2.2.2 Voltages under normal conditions

In a sirlgle SELV CIRCUIT or In interconnected SELV CIRCUITS, the voltage between pny two

conductors of the SELV CIRCUIT or CIRCUITS, and between any one su onductgr.and earth

(see 1.4.9), shall not exceed 42,4 V peak, or 60 V d.c., under normalQperating eonditipns.

NOTE A]circuit that meets the above requirements, but that is subject to overyoltay [INICATION

NETWORK for a CABLE DISTRIBUTION SYSTEM, is a TNV-1 CIRCUIT.

223 Voltages under fault conditions

Except ps permitted in 2.3.2, in the event of a singlg fayu R he voltages between

any two| conductors of the SELV CIRCUIT or CIRCUIIS & e such condug¢tor and

earth (sge 1.4.9) shall not exceed 42,4 X r longer than 0,2 s. Moreover, a

limit of T1 V peak, or 120 V d.c., shalknote

NOTE I Canada and the United States, the exception mentj in 2.372-s"not permitted.

Except gs permitted in 2.2.4, one of th S ified in 2.2.3.1, 2.2.3.2, or 2.2.3.3 shall

be used.

It is permitted for some parts i ample, a transformer-rectifier circuit) tq comply

with all|of the requirelments \ox _SE S and to be OPERATOR-accessible, while other

parts of|the saw{iy : ¢ and are

thereforge not per

2.2.31

Where an SELV CIR FORCED

INSULAT

—  provf

— provlide dnsulation of all adjacent wiring involved that is rated for the highest WORKING
VOLTAGE present; or

— provide insulafion on either the wiring of the SELV CIRCUIT or that of the other circuits that
ts the insulation requirements for SUPPLEMENTARY INSULATION or REINFORCED

mee
INSU

LATION, as appropriate, for the highest WORKING VOLTAGE present; or

provide an additional layer of insulation, where required, over either the wiring of the SELV
CIRCUIT or that of the other circuits; or

provide two separate transformers in tandem, where one transformer provides BASIC
INSULATION and the other transformer provides SUPPLEMENTARY INSULATION; or

use any other means providing equivalent insulation.
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Separation by earthed screen (Method 2)

Where SELV CIRCUITS are separated from parts at HAZARDOUS VOLTAGE by an earthed screen or
other earthed conductive parts, the parts at HAZARDOUS VOLTAGE shall be separated from the

earthed

2.2.3.3

parts by BASIC INSULATION. The earthed parts shall comply with 2.6.

Protection by earthing of the SELV circuit (Method 3)

Parts of SELV CIRCUITS protected by earthing shall be connected to a protective earthing
terminal in such a way that the requirements of 2.2.3 are met by relative circuit impedances or
by the operation of a protective device or both. Except as permitted in 2.3.2, parts of SELV
CIRCUITS shall also be separated from parts of non-SELV CIRCUITS by BASIC INSULATION.

The SELV TIRCTUIT shalttave adequate fauft current-carrying capacity to £nsWe openation of
the profective device, if any, and to assure the integrity of the fault current path ‘tp earth.
The earthed parts shall comply with 2.6.1 b).

NOTE 1 |Different parts of the same SELV CIRCUIT may be protected by different me¥

— Metho[d 2 within a power transformer feeding a bridge rectifier; and

— Metho[d 1 for the a.c. SECONDARY CIRCUIT; and

— Method 3 at the output of the bridge rectifier.

NOTE 2 |For normal conditions the SELV CIRCUIT voltage limit is RCUIT; an SELV CIRCUIT may

be regarded as an ELV CIRCUIT with additional protection under f

224

An SEL provided that, when the SELV

CIRCUIT

— eXxcq ULATION
from

— the $ELV CIRCUIT meg .

— excgpt as spgci S ent of a
sing|e fault (see1 4. IT or in the SECONDARY CIRCUIT to which fhe SELV
CIRCUIT is conneg

If an SE hat part

which ¢

If an SE hich is

separat

— DOUBLE INSULATNON Or REINFORCED INSULATION; or

— an gqarthed conductive screen that is separated from the HAZARDOUS VOLTAGE circuit by

BASIC INSULATION;

the SELV CIRCUIT shall be considered as being separated from the HAZARDOUS VOLTAGE circuit

by the s

ame method.

NOTE For requirements in Norway, see 1.7.2, note 4 and the note to 6.1.2.1.
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If an SELV CIRCUIT is derived from a HAZARDOUS VOLTAGE SECONDARY CIRCUIT, and the
HAZARDOUS VOLTAGE SECONDARY CIRCUIT is separated from the PRIMARY CIRCUIT by DOUBLE
INSULATION or REINFORCED INSULATION, the SELV CIRCUIT shall remain within the limits given in
2.2.3 under single fault conditions (see 1.4.14). In such a case, the short circuiting of the
insulation in a transformer that provides the separation between the HAZARDOUS VOLTAGE
SECONDARY CIRCUIT and the SELV CIRCUIT is considered to be a single fault, for the purpose of
applying the single fault conditions, provided the insulation in the transformer passes an
electrical strength test for BASIC INSULATION in accordance with 5.2.2, based on the WORKING
VOLTAGE involved.

2.3 TNV circuits

2.3.1 LCimits

In a sihgle TNV CIRCUIT or interconnected TNV CIRCUITS, the vgQ
conductors of the TNV CIRCUIT or CIRCUITS and between any one
(see 1.4.9) shall comply with the following.

ge between any two
onduc ra>d earth

a) TNVl CIRCUITS
The|voltages do not exceed the following:
— the voltage limits in 2.2.2 for an SELV CIRCUIT u ating conditiong;

— the voltage limits of figure 2D measured 2a¢ o resistor in the event

NOTE 1 |In the event of a single insulation or q , imi 00 ms is the limit in 2.3|1 b) for a

Voltdge (V) |
1500 A
U involts
T in milliseconds
To=1ms
1000
\
Limits of 2.3.1.b)
N\ normal operating
ANS > 400 V peak or d.c. conditions
N T —— / \
NA
hr— S e S n RS AIn O REOE s ===
—==—0 ] c—m———— { I O R -
01 5 10 14 15 200 205 Time T (ms)

IEC 1695/01

Figure 2D — Maximum voltages permitted after a single fault
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2 CIRCUITS and TNV-3 CIRCUITS

The voltages exceed the limits in 2.2.2 for an SELV CIRCUIT but do not exceed the following:

— when telephone ringing signals are present, voltages such that the signal complies
with the criteria of either clause M.2 or clause M.3;

— when telephone ringing signals are not present;
a combination of a.c. voltage and DC VOLTAGE under normal operating conditions

such that:
Uac + Udc <1
71 120

Wwhere

W,. is the peak value of the a.c. voltage (V) at any frequency;

W4 is the value of the DC VOLTAGE (V).
NOTE 2 |When Uy, is zero, U,. can be up to 71 V peak.
NOTE 3 |When U, is zero, Uy, can be up to 120 V.

and

4 the voltage limits of figure 2D meas + 2 % resistagr in the

event of a single fault (see 14.14) wi

Complig
NOTE 4 ETWORKS.
However, bd in this
standard.
2.3.2
NOTE 1
Separat] uUITS and accessible conductive parts fromn TNV-2
CIRCUITS 14), the
voltage normal
operatin e parts.
In the e j to rise
to the lity
NOTE 2 5 of 2.2.3
apply.
NOTE 3 |Undernormal &perating conditions, the limits of 2.2.2 always apply to each SELV CIRCUIT and gccessible
conductivp part.

NOTE 4

The limits of 2.3.1 always apply to each TNV CIRCUIT.

The separation requirements will be met if BASIC INSULATION is provided as indicated in
table 2G (see 2.9.3), other solutions are not excluded.

BASIC INSULATION is not required provided that all of the following are met:

— the SELV CIRCUIT, TNV-1 CIRCUIT or accessible conductive part shall be connected to a

prot

ective earthing terminal in accordance with 2.6; and
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— for PLUGGABLE EQUIPMENT TYPE A, a separate protective earthing terminal shall be provided
in addition to the main protective earthing terminal, if any (see 2.6.4.1). The installation
instructions shall specify that this separate protective earthing terminal be permanently
connected to earth; and

— for PLUGGABLE EQUIPMENT TYPE B, the equipment shall either comply with the above
requirements for PLUGGABLE EQUIPMENT TYPE A or be provided with both a marking on the
equipment and a statement in the installation instructions, specifying that the USER is to
disconnect all TELECOMMUNICATION NETWORK connectors and all CABLE DISTRIBUTION
SYSTEM connectors before disconnecting the power; and

NOTE 5 PERMANENTLY CONNECTED EQUIPMENT is assumed to have the main protective earthing terminal
permanently connected to earth.

— the test of 2.3.5 shall be carried out if the TNV-2 CIRCUIT or TNV-3 CIRCUIT is intended to
recejve signals or power that are generated externally during ngrmal perat|ion (for
example, in a TELECOMMUNICATION NETWORK).

At the choice of the manufacturer, it is permitted to treat a TNV-1 CIR
a TNV-3|CIRCUIT. In this case, the TNV-1 CIRCUIT or TNV-2 CIRCUI
requirements for a TNV-3 CIRCUIT.

RCUIT as
baration

Complignce is checked by inspection and measurement- nulation
of failurps of components and insulation such as are/fikely t s e equipment.|Prior to
the tests, insulation that does not meet the require BY INSULATION i short-
circuiteq.

NOTE 6 |Where BASIC INSULATION is provided 6.2.1 insulation, the test voltage grescribed
in 6.2.2 i in most cases higher than that for BAS

NOTE 7 |For requirements in Finland, Norway asrd

NOTE 8 [In Denmark, the insulation betwee 3 9 by part or circuit connected to eprth shall
withstand|an electric strength testqf 500 V_a.c.

2.3.3 Separation frion

Except las per'
VOLTAGES by one apb

a) Dou

b) BASIL INS
termiinal.

ARDOUS

earthing

Complig

NOTE 1
PLUGGABY

NT or for

NOTE 2 |Forrequirements in Norway, see 1.7.2, note 4 and the note to 6.1.2.1.

2.3.4 Connection of TNV circuits to other circuits

Except as permitted in 1.5.7, a TNV CIRCUIT is permitted to be connected to other circuits,
provided that it is separated by BASIC INSULATION from any PRIMARY CIRCUIT (including the
neutral) within the equipment.

NOTE 1 The limits of 2.3.1 always apply to TNV CIRCUITS.

If a TNV CIRCUIT is connected to one or more other circuits, the TNV CIRCUIT is that part which
complies with 2.3.1.
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If a TNV CIRCUIT obtains its supply conductively from a SECONDARY CIRCUIT which is separated
from a HAZARDOUS VOLTAGE circuit by:

— DOUBLE INSULATION or REINFORCED INSULATION; or

— the use of an earthed conductive screen that is separated from a HAZARDOUS VOLTAGE
circuit by BASIC INSULATION;

the TNV CIRCUIT shall be considered as being separated from the HAZARDOUS VOLTAGE circuit
by the same method.

If a TNV CIRCUIT is derived from a HAZARDOUS VOLTAGE SECONDARY CIRCUIT, and the HAZARDOUS
VOLTAGE_SECONDARY CIRCUIT is separated from the PRIMARY CIRCUIT by DOUBLE INSULATION or
REINFORCED INSULATION, the TNV CIRCUIT shall remain within the limits @i i under
single f [ ion in a
transfor CIRCUIT
and the B single

fault co gth test
for BASI

Complig such as
are like cross a
5000 £ between
one su p 2.3.1).
Observd

NOTE 2

NOTE 3

2.3.5

This tes

A test ¢ normal
operatin f such a
specific Hz and
has an

NOTE T UNICATION
NETWORK

The tes ¢ s of the
equipment. pole\ of the test generator is also connected to the earthing terminal of

the equipment, see<figure 2E. The test voltage is applied for a maximum of 30 min| If it is
clear that\no further deterioration will take place, the test is terminated earlier.

During the test, the SELV CIRCUIT, TNV-1 CIRCUIT or accessible conductive part shall continue to
comply with 2.2.2.
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The test is repeated after reversing the connections to the TELECOMMUNICATION NETWORK
terminals of the equipment.

TELECOMMUNICATION
NETWORK terminals

- | <> gene
| o
generator
|

4|/—«

Figure 2E — Test generatg

2.4 Ljmited current circuits
241 General requirements

LIMITED
exceed

mits specified in 2.4.2 Jare not
e event of a single failure within the

equipm

Except CIRCUITS
from oth

Complisg

2.4.2

For frequencj 1 kHz, the steady-state current drawn through a non-ipductive
resistor CUIT, or
betweer .C.

For frequenci
kiIoher;} but shal

Alternatively, it is permitted to use the measuring instruments of annex D instead of the non-
inductive resistor of 2 000 Q = 10 % mentioned above.

When using the measuring instrument of figure D.1, the voltage, Uy, is measured and the
current is calculated by dividing the measured voltage, Uy, by 500. The calculated value shall
not exceed 0,7 mA peak.

NOTE 1 If one side of the LIMITED CURRENT CIRCUIT has a conductive connection to earth, point B of the
measuring instrument of figure D.1 should be connected to that side.

When using the measuring instrument of figure D.2, the measured value of the current shall
not exceed 0,7 mA peak.
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For parts not exceeding 450 V peak or d.c., the circuit capacitance shall not exceed 0,1 pF.

For parts whose voltage, U, exceeds 0,45 kV peak or d.c., but does not exceed 15 kV peak or
d.c., the circuit capacitance shall not exceed 45/U nF, where U is expressed in kilovolts.

NOTE 2 The limit of 45/U corresponds to an available stored charge of 45 pC.

For parts whose voltage, U, exceeds 15 kV peak or d.c., the circuit capacitance shall not
exceed 700/U 2 nF, where U is expressed in kilovolts.

NOTE 3 The limit of 700/U 2 corresponds to an available energy of 350 mJ.

2.4.3 Connection of limited current circuits to other circuits

LIMITED |CURRENT CIRCUITS are permitted to be supplied from or co circuits,

provided that the following conditions are met:

— the LIMITED CURRENT CIRCUIT meets the limits of 2.4.2 under<nhor arati itions;

— the A single
failu hponent
orin

If a LIMI URRENT

CIRCUIT [is that part which complies wit

2.5 Ljimited power sources

A limite

berature
15, 17,

— an impedance limi
coefficient device is

J15 fand J17;<>
— an aovercurrentvp o)

tabl

opelati

circu

ce with

gutput in compliance with table 2B, both under| normal
er any single fault (see 1.4.14) in the regulating netwofk (open

— are§ 0 ! imits the output in compliance with table 2B under normal operating
condition Rd \an~qvercurrent protective device limits the output in compliarijce with
table 2C afte ingle fault (see 1.4.14) in the regulating network (open circuit [or short
circyit)

Where an overcurrent protective device IS Used, it shall be a fuse or a non-adjustable, non-
autoreset, electromechanical device.

A limited power source operated from an AC MAINS SUPPLY, or a battery-operated limited power
source that is recharged from an AC MAINS SUPPLY while supplying the load, shall incorporate
an isolating transformer.

Compliance is checked by inspection and measurement and, where appropriate, by
examination of the manufacturer’s data for batteries. Batteries shall be fully charged when
conducting the measurements for U,. and Is. according to tables 2B and 2C.
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The load referenced in items 2) and 3) of tables 2B and 2C is adjusted to develop maximum
current and power transfer respectively. Single faults in a regulating network are applied
under these maximum current and power conditions.

Table 2B - Limits for inherently limited power sources

Output voltage’) Output current?) Apparent power3)
(Use) (Isc) (S)
V a.c Vd.c. A VA
<20 <20 <8,0

40 < Uy < 30 20 < Uy < 30 <8,0
- 30 < Uy, £ 60 <150/U,¢
1) Ug.: Output voltage measured in accordance with 1.4.5 with all load cirgui i ) Es are
fol substantially sinusoidal a.c. and ripple free d.c. For non-sinusoiddl a.c: WS i dreater

th@n 10 % of the peak, the peak voltage shall not exceed 42,4 V.
2) |4 Maximum output current with any non-capacitive load, inclu 'ng ashurt i after

apjplication of the load.

3) S [VA): Maximum output VA with any non-capacitive loa me?slgred ons hd.

Table 2C — Limits for powex seurc ho nhe ntly limited
(overcurrent tectivedevice required)

=)

Output voltage’) pparent Current rating g
U power3) overcurrent
(Use) () protective device4)

N q
V a.c. K Y % A VA A
\/<\20 \> <5,0
20 4 U,, < 30 /\20\\110c 30~ > 1 000/U,, <250 <100/U,,
- \\UOC < 60— <100/U,,

tpu
t2

U4 ur accordance with 1.4.5 with all load circuits disconnected. Voltagps are
fo i sinusol aI a.c. and ripple free d.c. For non-sinusoidal a.c. and for d.c. with|ripple
gr ak, the peak voltage shall not exceed 42,4 V

current with any non-capacitive load, including a short circuit, measured 60 § after
application® o ad. Current limiting impedances in the equipment remain in the circuit during
measurement, but’overcurrent protective devices are bypassed.

3) S A —Maximurmmoutput-YA-with—anynoncapacitivetoad-measured—60-—s—afterappticatiomof-tie load.
Current limiting impedances in equipment remain in the circuit during measurement, but overcurrent
protective devices are bypassed.

NOTE The reason for making measurements with overcurrent protective devices bypassed is to
determine the amount of energy that is available to cause possible overheating during the operating
time of the overcurrent protective devices.

4) The current ratings of overcurrent protective devices are based on fuses and circuit breakers that break
the circuit within 120 s with a current equal to 210 % of the current rating specified in the table.
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2.6 Provisions for earthing and bonding

NOTE For additional requirements with regard to earthing of equipment to be connected to TELECOMMUNICATION
NETWORKS, see 2.3.2, 2.3.3, 6.1.1 and 6.1.2; and for CABLE DISTRIBUTION SYSTEMS, see 7.1 and 7.3.1.

2.6.1 Protective earthing

The following parts of equipment shall be reliably connected to the main protective earthing
terminal of the equipment.

Parts likely to carry fault currents intended to operate overcurrent protective devices.

a) Accéssible conductive parts that might assume a HAZARDOUS VOLTAGE inNhe evEnt of a
sing|e fault (see 1.4.14).

b) Partp required to be earthed to maintain the integrity of SEL ired by
2.2.3.2 0r2.2.3.3.

c) Partp required to be earthed to maintain the integrity of if yequired by
2.3.3 b).

d) SELM CIRCUITS, TNV CIRCUITS and accessible conducti i thed by
2.3.2, if the power source is not a TELECOMMUNI WORK OK a CTABLE DISTRIBUTION
SYSTEM.

Parts thit carry other currents.

e) SELM CIRCUITS, TNV CIRCUITS and a thed by
2.3.2, if the power source is a T ‘ ON NETWORK or a CABLE DISTRIBUTION
SYSTEM.

f) Circpits, transformer sgfeens anc \Ch buld not
assu 3 equired
to bg earthed in ond ple see

6.2.1 and 7.3.1).

g) SEL CIRCUITd ' £ \at N\are duce or
elim|nate TOUBSH : OMMUNICATION NETWORK Or a CABLE DISTRIBUTION

SYSTEM (see 5.\ 8

In SERV
etc., mi

ductive parts, such as motor frames, electronic ghassis,
VOLTAGE in the event of a single fault (see 1.4.14), either
connected to the main protective earthing terminal or, [if this is
, a suitable marking shall indicate to a SERVICE PERSON that such
e not eared and ghould be checked for HAZARDOUS VOLTAGE before being toughed.

impossi
parts ar

Complignee‘is checkéd by inspection and, where appropriate, by the test specified in 3.6.3.

2.6.2 Functional earthing

If FUNCTIONAL EARTHING of accessible or other conductive parts is necessary, all of the
following apply to the FUNCTIONAL EARTHING circuit:

— the FUNCTIONAL EARTHING circuit shall be separated from parts at HAZARDOUS VOLTAGES in
the equipment by either:

* DOUBLE INSULATION or REINFORCED INSULATION; or
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*+ a protectively earthed screen or another protectively earthed conductive part,
separated from parts at HAZARDOUS VOLTAGES by at least BASIC INSULATION; and

— it is permitted to connect the FUNCTIONAL EARTHING circuit to a protective earth terminal or
to a PROTECTIVE BONDING CONDUCTOR; and

— wiring terminals to be used only for FUNCTIONAL EARTHING shall not be marked by the
symbol;(60417-1-IEC-5017) or by the symbol@(60417-1-IEC-5019), except that,
where a wiring terminal is provided on a component (for example, a terminal block) or
subassembly, the symbol ; is permitted; and

NOTE Other markings such as one of the symbols, é (60417-1-1EC-5018) or/% (60417-1-1IEC-5020), if
appropriate, are permitted.

— for intermatFUNCTIONAET EARTHING—CcONductors;—the—cotour—combirrati I‘I(\g er=an -yeIIow
shal| not be used except in multipurpose preassembled componenis|(for example, multi-
conductor cables or EMC filters); and

— in a[power supply cord where a conductor having green-and-yeNow\i ionNs uged only
to plovide a FUNCTIONAL EARTHING connection
+ the equipment shall not be marked with the symbol rl (60417- )

» there are no requirements other than those in 3.1. of this
dgonductor at the equipment end.

Complignce is checked by inspection.

2.6.3 Protective earthing and pro

2.6.3.1 General

PROTECTIVE EARTHING COND ufficient

current-carrying capacity

The requirements of 2.6. UCTORS

and PRQ TECTIVE@D

For PRQ TECTIVE EAR ided to

comply ements of 2.6.3.4 apply. The test current is 1,5 tines the

maximu IBUTION

SYSTEM((i

For PRQT ided to

comply current-

carrying ysha be adequate for the actual current under normal operatmg conditions,
in accofdance with~3.1.1, that is the conductors are not required to carry fault currents to
earth.

2.6.3.2 Size of protective earthing conductors

PROTECTIVE EARTHING CONDUCTORS in power supply cords supplied with the equipment, shall
comply with the minimum conductor sizes in table 3B (see 3.2.5).

Compliance is checked by inspection and measurement.
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Size of protective bonding conductors

PROTECTIVE BONDING CONDUCTORS shall comply with one of the following:

— the minimum conductor sizes in table 3B (see 3.2.5); or

— the requirements of 2.6.3.4 and also, if the current rating of the circuit is more than 16 A,

with the minimum conductor sizes in table 2D; or
— for components only, be not smaller than the conductors supplying power to the
component.

The current rating of the circuit used in table 2D and in the test of 2.6.3.4 depends on the

provisio
a) or b)

a) The

n_and location of overcurrent protective devices and shall be taken-as the sn

naller of

as follows.

instructions to be installed in the building installation wiring to p

b) The
part

For PLU

required to be earthed.

GGABLE EQUIPMENT TYPE A, and if neither a) no

allation

ircuit or

ating of

the circuit shall be taken as the RATED CURRENT © 6 A, whiclever is

greater.

Complignce is checked by inspection g&n e e

Table 2D — Minimum sjze of protective bonding conductors

Current rating c_>f circui Wm conductor sizes
under consideration
N
ross-sectional area AWG or kcmil
(cross-sectional area
mm2 in mm2)
Size not specified Size not specified
1,5 14 (2)
2,5 12 (3)
4,0 10 (5)
6,0 8 (8)
10 6 (13)
16 4 (21)
25 2 (33)
Oyer25 up tovand including 160 35 1 (42)
Over 160 up to and including 190 50 0 (53)
Over 190 up to and including 230 70 000 (85)
Over 230 up to and including 260 95 0000 (107)
Over 260 up to and including 300 120 250 kemil (126)
Over 300 up to and including 340 150 300 kemil (152)
Over 340 up to and including 400 185 400 kcmil (202)
Over 400 up to and including 460 240 500 kcmil (253)

NOTE AWG and kcmil sizes are provided for information only. The associated cross-
sectional areas have been rounded to show significant figures only. AWG refers to the
American Wire Gage and the term "cmil" refers to circular mils where one circular mil is equal
to the area of a circle having a diameter of one mil (one thousandth of an inch). These terms
are commonly used to designate wire sizes in North America.
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2.6.3.4 Resistance of earthing conductors and their terminations

Earthing conductors and their terminations shall not have excessive resistance.
PROTECTIVE EARTHING CONDUCTORS are considered to comply without test.

PROTECTIVE BONDING CONDUCTORS that meet the minimum conductor sizes in table 3B
(see 3.2.5) throughout their length and whose terminals all meet the minimum sizes in
table 3E (see 3.3.5) are considered to comply without test.

Compliance is checked by inspection measurement and for PROTECTIVE BONDING

CONDUC oughout
their len 13.5), by
the follg

The vol the test
current .land the
test vol otective
earthing terminal and the point in the equipment that is ré ed. The

resistance of the PROTECTIVE EARTHING CONDUCTOR AS 3 e measyrement.
However, if the PROTECTIVE EARTHING CONDUCTOR is i j ] nt, it is

permittqd to include the conductor in the test circyit\but the mea 9 ge drop
is made|only from the main protective eqrthing termyne ] ed.

On equipment where the protective earth_congesti e unit is
by meqg cable fef\_also supplies mains power|to that
subasse it, | PRQTE £ BOYDING CONDUCTOR in that cabje is not
included in the measurement. ion (s erily permitted if the cable is plotected
by a suitably rated protective © ioh takes into account the size of the conducto

If the pfotection of an| SEAV\CIR ¢ by earthing in accordance with 2.23.3, the
resistance limit dpplies, from Jthe_ea -~ sjde of the SELV CIRCUIT to the main piotective
earthing termina d »

Care is and the

conducty

The tes

— if the mes the
curr istance of
the exceed

0,18

— if the current rating of the circuit under test exceeds 16 A:

» for a.c. powered equipment, the test current is two times the current rating of the circuit
under test, the current is applied for 2 min and the voltage drop across the PROTECTIVE
BONDING CONDUCTOR shall not exceed 2,5 V;

« for d.c. powered equipment the test current and duration are as specified by the
manufacturer and the voltage drop across the PROTECTIVE BONDING CONDUCTOR shall
not exceed 2,5 V.
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2.6.3.5 Colour of insulation

The insulation of the PROTECTIVE EARTHING CONDUCTOR in a power supply cord supplied with
the equipment shall be green-and-yellow.

If a PROTECTIVE BONDING CONDUCTOR is insulated, the insulation shall be green-and-yellow
except in the following two cases:

— for an earthing braid, the insulation shall be either green-and-yellow or transparent;

— for a PROTECTIVE BONDING CONDUCTOR in assemblies such as ribbon cables, busbars,
printed wiring, etc., any colour is permitted provided that no misinterpretation of the use of
the conductor is likely to arise.

Except ps permitted in 2.6.2, the colour combination green-and-yellow,
identify PROTECTIVE EARTHING CONDUCTORS and PROTECTIVE BONDING

all benused only to

Complignce is checked by inspection.

2.6.4 Terminals
2.6.4.1 General

The requirements of 2.6.4.2 and 2.6.4.3 apply on
comply with 2.6.1 a), b), ¢) and d).

terminals projvided to

NOTE Fpr additional requirements concerning

it is sufficient| for the

For pro
terminals to comply with 3.3.

), f) and g),

2.6.4.2

Equipment require S i arthing shall have a main protective earthing terminal.
For equjpment 3 i bpliance
inlet is negarded

Hifferent
earthing

If equip
voltages

termina 3Ci Wi S pply connection. In such a case, the terminals shall be sized
accordi f i [

Termin gsighed to resist accidental loosening of the conductor. In gengral, the
designs|commonty Uss i i i he pillar

type, prpvide suff|C|ent reS|I|ence to comply with th|s requwement for other designs,| special
provisioh emoved
inadvertently, shaII be used

Except as noted below, all pillar, stud or screw type protective earthing and protective
bonding terminals shall comply with the minimum size requirements of table 3E (see 3.3.5).

Where a terminal for a PROTECTIVE BONDING CONDUCTOR does not comply with table 3E
(see 3.3.5), the test of 2.6.3.4 shall be applied to the PROTECTIVE BONDING CONDUCTOR path in
which the terminal is used.


https://iecnorm.com/api/?name=eb66d5dcf626986f57ea5da2f86c61bc

60950-1 © IEC:2001 - 149 —

The main protective earthing terminal for PERMANENTLY CONNECTED EQUIPMENT shall be

— located so that it is readily accessible while making the supply connections; and

— provided with factory installed pillar terminals, studs, screws, bolts or similar te
together with the necessary fixing hardware, if a PROTECTIVE EARTHING CONDUCTO
than 7 mm2 (3 mm diameter) is required.

Compliance is checked by inspection and measurement.

rminals,
R larger

2.6.4.3 Separation of the protective earthing conductor from protective bonding

conductors
Separate wiring terminals, which may be on the same busbar, shall be , ong for the
PROTECTIVE EARTHING CONDUCTOR, or one for each PROTECTIVE EARTH if more
than ong is provided, and one or more for PROTECTIVE BONDING CONDM
Howevelr, it is permitted to provide a single wiring terminal © type in
PERMANENTLY CONNECTED EQUIPMENT having a NON-DETACHABL and in
PLUGGABLE EQUIPMENT TYPE A or B having a special NON‘DETACHAR Y CORD,
provided that the wiring termination of the PROTECTIVE separajed by a
nut from that of the PROTECTIVE BONDING CONDUCTOR termin-
ations gf the PROTECTIVE EARTHING CONDUCTOR and thg PROTE TORS is
not spegified.
It is als@ permitted to provide a single & nt with an appliance inlet.
Complignce is checked by inspection.
2.6.5 Integrity of protecti
2.6.5.1 Interconnectia
In a sysftem of in protective earthing connection shall be pssured
for all epuipment reguin rthing connection, regardless of the arranggment of
equipment in the o
Equipm i RROTECTIVE BONDING CONDUCTOR to maintain continuity of
protecti i N ELY other equipment in the system, shall not be marked Wwith the
symbol 1
Such edui hallalso provide power to the other equipment in the system (see 2.6.5.3).
Complidneé is checked by inspection
2.6.5.2 Components in protective earthing conductors and protective bonding
conductors
PROTECTIVE EARTHING CONDUCTORS and PROTECTIVE BONDING CONDUCTORS shall not contain

switches or overcurrent protective devices.

Compliance is checked by inspection.
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Disconnection of protective earth

Protective earthing connections shall be such that disconnection of a protective earth at one
point in a unit or a system does not break the protective earthing connection to other parts or

units in

a system, unless the relevant hazard is removed at the same time.

Compliance is checked by inspection.

2.6.5.4

Parts that can be removed by an operator

Protective earthing connections shall make earlier and break later than the

connect

ions in each of the following:

supply

— the
— apld
— ana

Complig

2.6.5.5

Protecti
disconn
relevant

Complisg

2.6.5.6

Conduc
subject
transpo
Combin
achieve

Complig
potentia

2.6.5.7

NOTE T

Self-tap|

onnector of a part that can be removed by an OPERATOR,;
g on a power supply cord;
ppliance coupler.

nce is checked by inspection.

Parts removed during servicing

thew”do not have
Rich they protect un

ve earthing connections shall be so
ected for servicing other than fg
hazard is removed at the sam

nce is checked by inspection.

Corrosion resj

t enviro
htions a
0 by a suitab

ping- (thread-cutting and thread-forming) and spaced thread (sheet metal) scr|

to be
less the

not be
rage or
ipment.
can be

hemical

EWS are

permitte
during s

l_L o | b - L L L ol L 1l oL o (- b L )
U U Proviutc prutctuve DUTTUITTY DUL TU STIall TTUT DT TITLTSSdly LU Ulstutv Uic CUIT
ervicing.

inection

In any case, the thickness of the metal part at the point where a screw is threaded into it shall
be not less than twice the pitch of the screw thread. It is permitted to use local extrusion of a
metal part to increase the effective thickness.
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At least two screws shall be used for each connection. However, it is permitted to use a single
self-tapping screw provided that the thickness of the metal part at the point where the screw
is threaded into it is a minimum of 0,9 mm for a screw of the thread-forming type and 1,6 mm
for a screw of the thread-cutting type.

Compliance is checked by inspection.

2.6.5.8 Reliance on telecommunication network or cable distribution system

Protective earthing shall not rely on a TELECOMMUNICATION NETWORK Or a CABLE DISTRIBUTION
SYSTEM.

Complignce is checked by inspection.

2.7 Qvercurrent and earth fault protection in primary circuit
2,71 Basic requirements

Protectipn in PRIMARY CIRCUITS against overcurrents, shoft cireuits Yand eakth faults ghall be
provided, either as an integral part of the equipment or a iding’installatipn.

If PLUGGABLE EQUIPMENT TYPE B Oor PERMANENTLY_CONN NT relies on protective
devices|in the building installation for p otectlo \ tallation instructions shall
so state and shall also specify the {equire protection or overcurrent
protectipn or, where necessary, for bott

NOTE Irl the member countries of CENELEC,
5.3 must,|with certain exceptions, be included a

necessary to comply with the requirements of

2.7.2 Faults not cover

Protectipn againsi faults
from willing in a @,

(for example, short circuits to protectiye earth
¢’ fitted as an integral part of the equipment.

Complignce is checke

2.7.3

Unless gppt jatesshort-gircuit backup protection is provided, protective devices shpll have
adequat ' ing) capacity to interrupt the maximum fault current (including short-
circuit ¢ i

For PERMANENTLY CONNECTED EQUIPMENT or PLUGGABLE EQUIPMENT TYPE B, it is permjtted for
short circuit backup protection to be in the building installation.

For PLUGGABLE EQUIPMENT TYPE A, the building installation is considered as providing short-
circuit backup protection.

NOTE If fuses complying with IEC 60127 are used in PRIMARY CIRCUITS, they should have high breaking capacity
(1 500 A) if the prospective short-circuit current exceeds 35 A or 10 times the current rating of the fuse, whichever
is greater.

Compliance is checked by inspection and by the tests of 5.3.
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2.7.4 Number and location of protective devices

Protective systems or devices in PRIMARY CIRCUITS shall be in such a number and located so
as to detect and to interrupt the overcurrent flowing in any possible fault current path (for
example, line-to-line, line-to-neutral, line to protective earth conductor or line to PROTECTIVE
BONDING CONDUCTOR).

No protection is required against earth faults in equipment that either:

— has no connection to earth; or

— has DOUBLE INSULATION or REINFORCED INSULATION between the PRIMARY CIRCUIT and all
parts connected to earth.

NOTE 1 |Where DOUBLE INSULATION or REINFORCED INSULATION is provided, a short cjrcuit to\earth [would be
considered to be two faults.

In a sugply using more than one line conductor to a load, if a proté
neutral [conductor, it shall also interrupt all other supply condu
devices| therefore, shall not be used in such cases.

bpts the
otective

Complignce is checked by inspection and, where ne

conditions (see 1.4.14).
NOTE 2 |For protective devices that are an integral part of pcation of
fuses or [ircuit-breaker poles necessary to previde fau commonly encountergd supply
systems gre given in informative table 2E for mblies and in informative table 2F
for threefphase equipment. The examples arilyyvalid for protective devices in thg building
installation.

nt ox subassemblies

?'nile-phase qu
/AN

N \/ Minimum number
Equipment supply conneécti rotecti of fuses or Location
ainsg circuit-breaker poles

Case A: rth Tfaults 1 Line conductor
Equipment to be conne
distributioph systems wi
reliably idgntified, exc ‘

Overcurrent 1 Either of the two

conductors

Case B: Earth faults 2 Both conductors
Equipmer
supply, in
systems § Either of the two
plugs, ex Overcurrent 1 conductors
Case C: Earih Taults Z Each Tine conducior
Equipment to be connected to 3-wire
power d'St.r'bUt'.on sy.s.tems with earthed Overcurrent 2 Each line conductor
neutral reliably identified.
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Informative examples of protective devices

in three-phase equipment

Number

Minimum number

Power distribution system of supply Protection of fuses or circuit- Location
conductors against breaker poles
Three-phase without neutral 3 Earth faults 3 All three conductors
Overcurrent 2 Any two conductors
With earthed neutral (TN or TT) 4 Earth faults 3 Each line conductor
Quercurrent 3 h line conductor
With unedrthed neutral 4 Earth faults 4 (\\ AJLQU?&QdL ctors

Overcurrent

Eéeimre\conguctor

2.7.5

devices
one component.

Complignce is checked by inspection.

2.7.6

Suitablg
servicin
followin

— whef
conr
— whef
repr

The foll

As an a

Protection by several devices

shall be located together. It is permitted

CAUTION

DOUBLE POLE/NEUTRAL FUSING

ternative to the abhove wnrdmn use of the fnllnwmn caombination of rpnrnqpn’ra

H, those
vices in

d in the
of the

d might

ive

symbols, which includes the electric shock hazard symbol 1S0 3864, No. 5036 the fuse
symbol 60417-1-IEC-5016, and an indication that the fuse is in the neutral N, is permitted.
However in this case, the statement shall also be provided in the servicing instructions.

A\ =N
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2.8 Safety interlocks

2.8.1 General principles

SAFETY INTERLOCKS shall be provided where OPERATOR access involves areas normally

presenting hazards in the meaning of this standard.
Compliance is checked by inspection.

2.8.2 Protection requirements

SAFETY INTERLOCKS shall be so designed that the hazard will be removed before the covers,

doors, dtc., are in any position that will permit contact with hazardous parts by\he tedt finger,

figure 2A (see 2.1.1.1).

For profection against electric shock, radiation and energy haza bhing or

withdrawal of the cover, door, etc., shall either:

— necgssitate previous de-energization of such parts; or

— aut 2 s the
voltgge to 42,4 V peak, or 60 V d.c., or less, and

For a mpving part which will continue to move th present

a mechanical hazard (for example, a 3 i A rawal of

the cov

— necq

— auto

Complig gure 2A

(see 2.1

28.3

SAFETY cannot

occur w|

Any ac : finger,

figure 2 y colisidered to be likely to cause inadvertent reactivation of the

hazard.

SAFETY bck and

vibratio:ll éxperienced in normal operation, so that this does not cause inadvertent switlching to

an unsafe-eondition:

Compliance is checked by inspection and, where necessary, by a test with the test finger,

figure 2A (see 2.1.1.1).
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Fail-safe operation

— a failure of the SAFETY INTERLOCK system during the normal life of the equipment is not
likely to occur and, even if a failure should occur, it shall not create an extreme hazard; or

— a failure of the SAFETY INTERLOCK system during the normal life of the equipment is possible,
the probable failure mode(s) will not create a hazard for which protection is required.

Compliance is checked by inspection of the SAFETY INTERLOCK system, circuit diagrams and
available data and, if necessary, by simulation of single faults (see 1.4.14) (for example,
failure of a semi-conductor device or an electromechanical component). Moving mechanical

parts inrmmecthanical—and efectromectanical Systems are not subjected 7fo ufatey single

faults iflthey comply with 2.8.5 and 2.8.7.

It is permitted to use simulated SAFETY INTERLOCK systems for tests:

2.8.5 Moving parts

Moving [mechanical parts in mechanical and electromechan PERLOCK pystems

shall have adequate endurance.

Complignce is checked by inspection of the SAR sysstem, available data and, if

necessary, by cycling the SAFETY INTE 0,000 operating cycles| without

failure dther than in a safe mode.

NOTE The above test is carried out to check th€ endura 3 ng parts other than those in SAFETY INTERLOCK

switches pnd relays. SAFETY INTERLOCK switches and~telays i re subject to 2.8.7. If the test of [2.8.7.3 is

required ip addition to the above test, the tests ¢ hou

2.8.6 Overriding

Where if may be S SON to override a SAFETY INTERLOCK, the pverride

system ghall co ith

— require an inte

— reseft automatically t operation when servicing is complete, or prevent] normal
opeflfation{unle B\PERSON has carried out restoration; and

- requiréa ration when in an OPERATOR ACCESS AREA and not be operalble with
the fe (see 2.1.1.1); and

— not pypas TY INTERLOCK for an extreme hazard unless another reliable means of
safefy protection becomes effective when the SAFETY INTERLOCK is thus bypassed. The
equipment shall be designed such that the SAFETY INTERLOCK cannot be bypassed pntil the

othe

rmeans of protectiomisfulty imptaceanmdoperatiomat:

Compliance is checked by inspection.
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Switches and relays

A switch in a SAFETY INTERLOCK system shall:

— for switches, conform to IEC 61058-1,

accordance with IEC 61058-1, 7.1.4.4; or
— comply with 2.8.7.1 and pass the tests of 2.8.7.3 and 2.8.7.4; or
— pass the tests of 2.8.7.2, 2.8.7.3 and 2.8.7.4.

A relay in a SAFETY INTERLOCK system shall:

— com

ly with 2.8.7.1 and pass the tests of 2.8.7.3 and 2.8.7.4; or

with evaluation for 10 000 operating cycles in

—  pass

2.8.7.1

If the co
for a di
PRIMARY,
value fo

Complig
measur

2.8.7.2

The co
consisti
breakin(

switche

After the

2.8.7.3

The conl
and bre
operatid
For red

100 000 ¢

After the

2.8.7.4

nce
bment.

b fest, th

the tests of 2.8.7.2, 2.8.7.3 and 2.8.7 .4.
Contact gaps

sconnect device (see 3.4.2). If the contact gap i
CIRCUIT, the contact gap shall be not less tha

Overload test

a motor load,

sate of cycling is permitted if requested by the manu
IRCUITS, SELV CIRCUITS and TNV-1 CIRCUITS, the
or other switches and relays, the test is 10 000 operating

Electric strength test

han that
than a
ARANCE

ary, by

ad test
ing and
contact

| making
ycles of
acturer.
test is
cycles.

Except for reed switches in ELV CIRCUITS, SELV CIRCUITS and TNV-1 CIRCUITS, an electric
strength test as specified in 5.2.2, is applied between the contacts after the tests of 2.8.7.2

and 2.8.7.3.

If the contact is in a PRIMARY CIRCUIT, the test voltage is as specified for

REINFORCED INSULATION. If the contact is in a circuit other than a PRIMARY CIRCUIT, the test
voltage is as specified for BASIC INSULATION in a PRIMARY CIRCUIT.
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Mechanical actuators

Where the actuating part in a mechanical SAFETY INTERLOCK system is relied upon for safety,
precautions shall be taken to ensure that it is not overstressed. If this requirement is not
covered by the design of the component, the over-travel beyond the operating position of the
actuator shall be limited to 50 % of the maximum (for example, by its mounting or location) or
by adjustment.

Compliance is checked by inspection and measurement.

2.9 Electrical insulation

291 Properties of insulating materials

The choice and application of insulating materials shall take intg eds for
electrical, thermal and mechanical strength, frequency of the 3nd the
working|lenvironment (temperature, pressure, humidity and pollu

Natural [rubber, hygroscopic materials and materials conta used as
insulatign.

Driving less the
belt or g nent.
Complignce is checked by inspection for the
material.

Where hecessary, if the g bic, the
hygrosciopic nature of the 5sembly
employing the insulatioq i is then
subjected to the relev 5¥5.2.2 while still in the humidity cabinet, or in
the room in whic e © the prescribed temperature.

2.9.2

Where fequired by 2.9. .6:5_0,72.10.7, humidity conditioning is carried out for 48 h in a
cabinet i ith a relative humidity of 91 % to 95 %. The tempenature of
the air, gamples can be located, is maintained within 1 °C| of any
conveni n 20 °C and 30 °C such that condensation does not occur| During
this con ponent or subassembly is not energized.

With thg conclrrenscg/0f the manufacturer, it is permitted to increase the 48 h time duration.

Before the humidity conditioning the sample is brought to a temperature between t and
t+4°C.
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2.9.3 Grade of insulation

Insulation shall be considered to be FUNCTIONAL INSULATION, BASIC INSULATION, SUPPLEMENTARY
INSULATION, REINFORCED INSULATION or DOUBLE INSULATION.

The application of insulation in many common situations is described in table 2G and
illustrated in figure 2F, but other situations and solutions are possible. These examples are
informative; in some cases the necessary grade of insulation may be higher or lower. Where a
different grade may be necessary, or if a particular configuration of energized parts is not
represented in the examples, the necessary grade of insulation should be determined by
considering the effect of a single fault (see 1.4.14). This should leave the requirements for
protection against electric shock intact.

In certajn cases, insulation may be bridged by a conductive path (for/e e 1.5.7,
2.2.4, 2|13.4 or 2.4.3 applies) provided that the level of safety is maintaj

For DOUBLE INSULATION it is permitted to interchange the BASIC LENIENTARY
INSULAT|ON elements. Where DOUBLE INSULATION is used, ELV,CI hductive
parts afe permitted between the BASIC INSULATION a ULATION
provided that the overall level of insulation is maintained

&
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Table 2G - Examples of application of insulation

Location of insulation

Grade of Key to
insulation between and figure 2F
FUNCTIONAL unearthed SELV CIRCUIT — earthed conductive part F1
see 1) or double-insulated — double-insulated conductive part F2
conductive part — unearthed SELV CIRCUIT F2
— earthed SELV CIRCUIT F1
— earthed TNV-1 CIRCUIT F10 see ©)
earthed SELV CIRCUIT — earthed SELV CIRCUIT F11
— earthed conductive part F11
— unearthed TNV-1 CIRCUIT F12 see 6)
— earthed TNV-1 CIRCUIT ( F43[see ©)
ELV CIRCUIT or basic- — earthed conductive part N 3
insulated conductive part — earthed SELV CIRCUIT &\
— basic-insulated conductive part F4
— ELV CIRCUIT >>4/
earthed HAZARDOUS earthed HAZARDOUS VOLTAGE \
VOLTAGE SECONDARY CIRCUIT<\ \ F5
SECONDARY CIRCUIT
TNV-1 CIRCUIT TNV-1 CIRCUIT N\ F7
TNV-2 CIRCUIT TNV-2 CIRCUIY  ~ N F8
TNV-3 CIRCUIT TNV-3 macyl‘( 5 / N F9
series-parallel sections /\& >\/ ( Q Q F6
of a transformer winding
BASIC PRIMARY CIRCUIT anthe uhearxthed HAZARDOUS VOLTAGE
IRCUI B1
tive part B2
CIRCUIT B2
-insulated conductive part B3
B3
earthe \u\n.@r;b/ed HAZARDOUS VOLTAGE SECONDARY
HAZARDOU IRCUIT B4
ON rthed conductive part B5
— “earthed SELV CIRCUIT B5
— basic-insulated conductive part B6
/\ — ELV CIRCUIT B6
eaMhethSELNCIRCHF — unearthed TNV-1 CIRCUIT B7 $ee 6)
r doubiexi — TNV-2 CIRCUIT B8
conquetive pa — TNV-3 CIRCUIT B9 $ee 5)
e ed SENV CIRCUIT — TNV-2 CIRCUIT B1( see 4)
N — TNV-3 CIRCUIT B11|see 4)5)
@mcun — unearthed TNV-1 CIRCUIT B12 see 9)
— earthed TNV-1 CIRCUIT B13 see 4) 5)
— TNV-3 CIRCUIT B14 see 6)
TNV-3 CIRCUIT — unearthed TNV-1 CIRCUIT B12
— earthed TNV-1 CIRCUIT B13 see 4)
SUPPLEMENTARY basic-insulated conductive — double-insulated conductive part S1 see 2)
part or ELV CIRCUIT — unearthed SELV CIRCUIT S1 see 2)
TNV CIRCUIT — basic-insulated conductive part S2 see 4)

— ELV CIRCUIT

S2
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Table 2G (concluded)

Grade of Location of insulation Key to
insulation between and figure 2F
SUPPLEMENTARY unearthed HAZARDOUS — double-insulated conductive part S/R1 see 3)
or REINFORCED VOLTAGE SECONDARY CIRCUIT | — unearthed SELV CIRCUIT S/R1 see 3)
— TNV CIRCUIT S/R2 see 3)
REINFORCED PRIMARY CIRCUIT — double-insulated conductive part R1
— unearthed SELV CIRCUIT R1
— TNV CIRCUIT R2
earthed HAZARDOUS — double-insulated conductive part R3
VOLTAGE — unearthed SFIV CIRCUIT
SECONDARY CIRCUIT — TNV GIRGUIT

2)

3)

4)
5)

6)

See 5|3.4 for requirements for FUNCTIONAL INSULATION.

The WORKING VOLTAGE of the SUPPLEMENTARY INSULATION between an EL
condugtive part and an unearthed accessible conductive part is equal to t

for thp BASIC INSULATION. The most onerous WORKING VOLTAGE may/be
SECONDARY CIRCUIT and the insulation is specified accordingly.

Insulation between an unearthed SECONDARY CIRCUIT at HAZARDO
condufctive part or circuit (S/R in figure 2F) shall satisfy the more o

— RHE

- 8U
CIRCUIT at HAZARDOUS VOLTAGE and

* | another SECONDARY CIRCUIT at HAZARDO

* | a PRIMARY CIRCUIT.
Theseg examples apply if:
and the PRIMARY CIRCUIT; and
CUIT and earth.
BASIC
The rd
The rd

i >$ulated
OLTAGE
CUIT or

Cessible

ONDARY

NOTE T

ExamplesLaf such a conductive part are the BRODY of equipment

not ng

not cq

IMITEB-CURRE

a transformer core and in some tases a

conductive screen in a transformer.

If such a conductive part is protected from a part at HAZARDOUS VOLTAGE by:

DOUBLE INSULATION or REINFORCED INSULATION, it is termed a "double-insulated conductive part";

BASIC INSULATION plus protective earthing, it is termed an "earthed conductive part";

BASIC INSULATION but is not earthed, that is it has no second level of protection, it is termed a "basic-insulated

conductive part".

A circuit or conductive part is termed "earthed" if it is connected to a protective earthing terminal or contact in
such a way as to meet the requirements in 2.6 (although it will not necessarily be at earth potential). Otherwise
the circuit or conductive part is termed "unearthed".
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Similar circuit or
conductive part

PRIMARY CIRCUIT [ fe— ]
AR F I F6
Unearthed \ B1
HAZARDOUS VOLTAGE je— ]
SECONDARY CIRCUIT NP s B4
\51
iy —— ]
HAZARDOUS VOLTAGE y = Fs
SECONDARY CIRCUIT R B
|525] |51¢) |51¢)
ELV CIRCUIT or \$ \ \ (
basic-insulated [ N ]
conductive part 4s *F
3)
Uneafthed SELV CIRCUIT \51 \53 \‘;‘/m \S; <\
off double-insulated [ X :l
conductive part A 7'y
B6 B F\
B2 | B5 | B5 Q %\
Earthed SELV CIRCUIT Yy v v A S
AN » | ]
[ \:) F11
3) 6) 6)
R2 KR4 KSR2K S2
7 F12
N [y Y (\ /X N
Uneafthed TNV-1 CIRCUIT | [ N5 BN HTH::I
A
3) )
R2 (R4 KSR2\ S N 6| ®
\} \ VF10 [ F13
Earthed TNV-1 CIRCUIT [ f H_’::
~g \/ F7
/RZ\ RA( S/Ra) § 45) a9
\ \ \ \ B1 \BS \810\812
TNV-2 CIRCUIT [ | ~ L e—— [ 1
B F8
A\ E AN al o 5 a9
R2 { R4 [S/R2\s2 B13 | B14 | B9 | B11 | B12
A\ w VR VX v A4 A4 A4 A\ 4
TNV-3 CIRCUI /\ [ S fe— | ]
F9
F: FUNATIONAL INSUKA \</> B : BASIC INSULATION
23 E{Léﬁ\f SIR: see ) in table 2G
IEC 437/99
8 2F — Examples of application of insulation
2.10 (Cllearances, creepage distances and distances through insulation

2.10.1 General

CLEARANCES shall be so dimensioned that overvoltage transients which may enter the
equipment, and peak voltages which may be generated within the equipment, do not break
down the CLEARANCE. Detailed requirements are given in 2.10.3.

CREEPAGE DISTANCES shall be so dimensioned that, for a given WORKING VOLTAGE and Pollution
Degree, no flashover or breakdown (tracking) of insulation will occur. Detailed requirements
are given in 2.10.4.
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When classifying a circuit in the equipment as an SELV CIRCUIT, TNV-1 CIRCUIT, TNV-2 CIRCUIT or
a TNV-3 CIRCUIT for the purposes of determining CLEARANCES and electric strength
requirements, the normal operating voltages and any overvoltages coming from the AC MAINS

SUPPLY

or DC MAINS SUPPLY shall be taken into account.

The methods of measuring CLEARANCES and CREEPAGE DISTANCES are given in annex F.

Solid insulation shall be:

— so dimensioned that overvoltage transients that enter the equipment and peak voltages
that may be generated within the equipment, do not break down the solid insulation; and

f H L £ L i ol b Ry Ll L ol
- Or t LU Idyclb vl mmrouratvurt, suU allalIHUu tidal uic 1mMATIHrmouuu U
limited.

Detailed requirements are given in 2.10.5.

The insplation requirements given in 2.10 are for frequencies Up to

use the|same requirements for insulation operating at freq

data is

available.

NOTE Fpr information on insulation behaviour in relation to fregdency se

P A | !
MHITNUITS dl

gned is

hitted to

For FUNCTIONAL INSULATION, CLEARANCES and NCES smaller tham those

specified in 2.10 are permitted subjec

It is p

specified minimum

grmitted for CLEARANCES and CREEPAGE 0 be divided by intefvening,
¢cted (floating) conductive parts, such a ed contacts of a connector, provided
that the¢ sum of the individual
(see figuire F.13).

requifements

The mirfimum CLEARA NCE values given for various Pollution Degrees

apply ag follows:

— Polllition Degr; d assemblies which are sealed so as to exclyde dust
and moisture (s€e

- Poll]: 4 equipment covered by the scope of this standard.

- Poll ocal internal environment within the equipment is sybject to
condqueti o or tovdry non-conductive pollution which could become conductive
due N

2.10.2 n of working voltage

In determining-the-worRKINGvOLTAGESathof the-followingrequirements—apply(seealso 1.4.7):

— the value of the RATED VOLTAGE or the upper voltage of the RATED VOLTAGE RANGE shall be:

used for WORKING VOLTAGE between a PRIMARY CIRCUIT and earth; and

 taken into account for determination of the WORKING VOLTAGE between a PRIMARY

CIRCUIT and a SECONDARY CIRCUIT; and
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2.10.3 | Clearances
2.10.3.1 General

It is pef

unearthed accessible conductive parts shall be assumed to be earthed; and

where a transformer winding or other part is floating, that is not connected to a circuit
which establishes its potential relative to earth, it shall be assumed to be earthed at the
point by which the highest WORKING VOLTAGE is obtained; and

where DOUBLE INSULATION is used, the WORKING VOLTAGE across the BASIC INSULATION shall
be determined by imagining a short circuit across the SUPPLEMENTARY INSULATION, and vice
versa. For DOUBLE INSULATION between transformer windings, the short circuit shall be
assumed to take place at the point by which the highest WORKING VOLTAGE is produced in
the other insulation; and

except as permitted in 2.10.10, for insulation between two transformer windings, the
highest voltage between any two points in the two windings shall be used, taking into

4 4 ] 14 4+ ik +Lo HP=~ H H ol
aCCC UTTlU TALTTTTIAl vUTlaytTo U WITICTT TS wWiTiuirrTyo Wil VT CUTTTTTULTU,  artl

another
shall be

excdpt as permitted in 2.10.10, for insulation between a transform
part] the highest voltage between any point on the winding a
used.

G for a

NOTE 1

— CLEAR ith other
safety|

— Additi ed to the
metho

— Attend PRIMARY
CIRCU

— Incongi ies i g seak requires 2,0 mm or 2,5 mm for FUNCTIONAL INSULATION
and 3,

NOTE 2 strength

requireme AC MAINS

SUPPLY. A y voltage

and the ¢ z roups as

Overvolta own as installation categories | to 1V). Annex G covers all four OJervoltage

Categoriels. ®vervoltage Category Il is assumed.

NOTE 3 ign ef.sotid iInsulation and CLEARANCES should be coordinated in such a way that if ap incident

overvoltage i eeds tRe limits of Overvoltage Category Il, the solid insulation can withstand| a higher

voltage th A

For all g.c, isiribution systems, the AC MAINS SUPPLY voltage in tables 2H, 2J apd 2K is

the line{toxpeutral voltage.

NOTE 4 In Norway, due to the IT power distribution system used (see annex V, figure V.7), the AC MAINS SUPPLY
voltage is considered to be equal to the line-to-line voltage, and will remain 230 V in case of a single earth fault.

For circuitry intended to be connected to a DC MAINS SUPPLY, the requirements for an SELV
CIRCUIT, TNV CIRCUIT or HAZARDOUS VOLTAGE SECONDARY CIRCUIT apply depending on its
maximum normal operating voltage and any overvoltages expected.
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The specified CLEARANCES are subject to the following minimum values:

— 10 mm for an air gap serving as REINFORCED INSULATION between a part at HAZARDOUS
VOLTAGE and an accessible conductive part of the ENCLOSURE of floor-standing equipment

or of the non-vertical top surface of desk top equipment;

— 2 mm for an air gap serving as BASIC INSULATION between a part at HAZARDOUS VOLTAGE
and an earthed accessible conductive part of the external ENCLOSURE of PLUGGABLE

EQUIPMENT TYPE A.

The specified CLEARANCES are not applicable to the air gap between the contacts of
THERMOSTATS, THERMAL CUT-OUTS, overload protection devices, switches of microgap

construction, and similar components where the CLEARANCE varies with the contacts.

NOTE 5 |For air gaps between contacts of interlock switches, see 2.8.7.1. For air
disconnegt switches, see 3.4.2.

Complignce with 2.10.3 is checked by measurement, taking into acco
electric |strength test to verify CLEARANCES. The following conditj6

— movpble parts shall be placed in the most unfavourable

if it were covered by metal foil wh
(see| 2.1.1.1), applied without appre

2.10.3.2 Clearances in pximar

CLEARANCES in PRIMARY CIR¢ S e minimum dimensions in table

Table 4H is ap
Overvoliage Catege
VOLTAGES are give

NOTE 1 iwe design method for higher transients.

For PRIN
WORKIN

values:

t" will not be subjected to transients ex
IEC 60664-1. The appropriate MAINS TR
higher transients are expected, additional prn
might b¢ necessaxy in tf S SYPPLY to the equipment or in the installation.

ntacts of

ye is no

slot or
ctive as
gure 2A

PH and,

ceeding
ANSIENT
otection

he PEAK

¢ircuit exceeds the peak value of the AC MAINS SUPPLY voltage, the
minimurn CLEAR® or the insulation under consideration is the sum of the follow

ing two

— the minimum CLEARANCE value from table ZH for a WORKING VOLTAGE equal o the AC MAINS

SUPPLY voltage; and
— the appropriate additional CLEARANCE value from table 2J.
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For a WORKING VOLTAGE to be used in determining CLEARANCES for PRIMARY CIRCUITS in
accordance with table 2H:

— the peak value of any superimposed ripple on a DC VOLTAGE, shall be included;
— non-repetitive transients (for example, due to atmospheric disturbances) shall not be taken
into account;

NOTE 2 It is assumed that any such non-repetitive transients in a SECONDARY CIRCUIT will not exceed the MAINS

TRANSIENT VOLTAGE of the PRIMARY CIRCUIT.

— the voltage of any ELV CIRCUIT, SELV CIRCUIT or TNV CIRCUIT (including ringing voltage) shall
be regarded as zero;

and in accordance with table 2J where npprnprinta for PEAK WORKING VAOETAGES ex eeding

the valyes of the AC MAINS SUPPLY voltage, the maximum PEAK WORK|NG VOLTAGE. ghall be
used.

9geneous

NOTE 3 |The total CLEARANCES obtained by the use of table 2J lie between the va
§ bngth test

and inhomogeneous fields. As a result, they may not assure conformance with
in case off fields which are substantially inhomogeneous.

NOTE 4 |Use of CLEARANCE — tables 2H and 2J:

Select the appropriate column in table 2H for the MAINS TRANSIENT VOLTA iC . t the row
appropriafe to a WORKING VOLTAGE equal to the AC MAINS Sy age. & | EARANCE
requiremgnt.

Go to tabje 2J. Select the appropriate column for the nomipa| A ; ¢ i bgree and
choose the row in that column which covers the actual p ORKI} N iti | EARANCE

required from one of the two right hand columpn d tf ini A D give the
total minifnum CLEARANCE.
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Table 2H — Minimum clearances for insulation in primary circuits

and between primary and secondary circuits

CLEARANCES in millimetres

MAINS TRANSIENT
MAINS TRANSIENT VOLTAGE MAINS TRANSIENT VOLTAGE VOLTAGE

WORKING VOLTAGE 1500V 2500V 4 000V
up to and
including (Nominal AC MAINS SUPPLY voltage (Nominal AC MAINS SUPPLY voltage [ (Nominal AC MAINS

<150 V) >150 V <300 V) SUPPLY voltage
>300 V <600 V)
Voltage Voltage Pollution Pollution Pollution
r.m.s. B cirnc Pollution [ Pollution
peak or (sinu- cegrees Degree 3 = egrees Degfee 3 Degrees
d.c. . 1 and 2 1 and 2 1,2 and 3
soidal)
\ \Y F B/S R F | BIS R F | BIS R y\\QIS }\ B/S R
71 50 (04|10 2008|1326 ][10]20]40 1\1\ KN 4\,(\\{,9 32 | 6.4
(0.5) | (1,0) (0.8) | (1.6) (1,5) (3@\ ) (3.0 | (6,0)
210 150 05|10 | 20 08| 1,3 | 26 |14 20<\4~,0\ 1§ 5,0 4,00 | 2,0/| 3,2 6,4
(0,5) | (1.0) (0,8) | (1.6) L(45) [(8.0) \ (N (3,0) (3,0) | (6,0)
420 300 F1,5 B/S 2,0 (1,5 R4Q (3, \> 25| 3.2 | 6,4
M\ e (3,0) | (6.0)
840 600 /\ {3\\0 E(}s 3,:((3,(Q):< WG,O)

1400 || 1000 KBS h2 R 64

2 800 2 000 F/B(S/R 8,4

7 000 5000 / 17,5

9 800 7 000 /IB/SIR 25

14 000 10 000 F/B/S/IR 37
28 000 20 000 F/B/S/R 80
42 000 30 000 F/B/S/IR 130

1) The|values in the<tabl UNCTIONAL INSULATION (F), BASIC INSULATION (B), SUPPLEMENTARY
INSULATION (S) (R).

2) The|values in able to BASIC INSULATION, SUPPLEMENTARY INSULATION orl REINFORCED
INSU subjected to a quality control programme that provides at least tlhe same level
of a in clause R.2. In particular, DOUBLE INSULATION and REINFORCHD INSULATION
shal tOROURINE TESTS for electric strength.

3) For betyween 2 800 V peak or d.c. and 42 000 V peak or d.c., linear interpolatiof is permitted
betw neares\twogoints, the calculated spacing being rounded up to the next higher 0,1 mm |ncrement.
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Table 2J — Additional clearances for insulation in primary circuits with peak working
voltages exceeding the peak value of the nominal a.c. mains supply voltage

Nominal AC MAINS SUPPLY voltage Nominal ACIMA'NS Additional CLEARANCE
<150 V SUPPLY voltage
- >150 V <300 V mm
Pollution Pollution Pollution
Degrees 1 and 2 Degree 3 Degrees 1, 2 and 3
FUNCTIONAL, BASIC REINFORCED
Maximum PEAK Maximum PEAK Maximum PEAK or SUPPLEMENTARY INSULATION
WORKING VOLTAGE WORKING VOLTAGE WORKING VOLTAGE INSULATION
\ \Y \

210 (210) 210 (210) 420 (420) 0 Q
2981 (288) 294 (293) 493 (497) 0,1 R
386 (366) 379 (376) 567 (575) 0K
474 | (444) 463 (459) 640 (652) 0,3
562 (522) 547 (541) 713 (729) B
650 (600) 632 (624) 787 (807) 1,0
7381 (678) 715 (707) 860 (884) 1R
826 (756) 800 (790) 933 (961) 1.4
9141 (839) 1006 (1039 16
1002| (912) 1080 (1118) 1,8
1090 (990) 1153 193) 20
226 (1°271) 2p
13 348 24
1,3 26

The valugs in parentheses shall apply:
— when the values in parenthéses

— for FUNCTIONAL INSULATIN

_ 5)
@accor nce with item 2) of table 2H; and
(@N

2.10.3.3 Clearan conda ircuits

CLEARAN

For a W
accorda

— the peakwalue

CES in SECOND

RV

s shall comply with the minimum dimensions of tabl¢ 2K.

used in determining CLEARANCES for SECONDARY CIRLUITS in

hall be used for non-sinusoidal voltages.

A SECONDARY CIRCUIT derived from an AC MAINS SUPPLY will normally be Overvoltage Category | if
the PRIMARY CIRCUIT is Overvoltage Category Il; the maximum transients for various AC MAINS
SUPPLY voltages in Overvoltage Category | are shown in the column headings of table 2K.
However, a floating SECONDARY CIRCUIT shall be subjected to the requirements for PRIMARY CIRCUIT
in tables 2H and 2J unless it is in equipment with a protective earthing terminal and either:
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— it is separated from the PRIMARY CIRCUIT by an earthed metal screen; or

— transients on the SECONDARY CIRCUIT are below the permitted maximum value for
Overvoltage Category | (for example, due to being attenuated by connecting a component,
such as a capacitor, between the SECONDARY CIRCUIT and earth). See 2.10.3.4 for the
method of measuring the transient level.

For the purposes of using table 2K for equipment to be supplied from a DC MAINS SUPPLY that
is connected to protective earth and is entirely within a single building, the MAINS TRANSIENT
VOLTAGE is considered to be zero.

NOTE 1 The connection to protective earth can be at the source of the DC MAINS SUPPLY or at the equipment
location, or both (see ITU-T Recommendation K.27).

earth, the value of the MAINS TRANSIENT VOLTAGE in the DC MAINS SUP is_the sam¢ as the

For eqnllpment to be supplied from a DC MAINS SUPPLY that Is not connfiecteq to plotective
ANSIENT VOLTAGE in the PRIMARY CIRCUIT from which it is deri

MAINS T

NOTE 2 |For CLEARANCES which are provided for compliance with 2.3.2, table

If the TELECOMMUNICATION NETWORK TRANSIENT VOLTAGE is not known, an aSsumed\{ra i 0V peak
should be| used for TNV-2 CIRCUITS and 1,5 kV peak for TNV-1 CIRCUITS and ;

If the TELECOMMUNICATION NETWORK TRANSIENT VOLTAGE is known, the k
If it is knqwn that the incoming transients will be attenuated withjr etermined
in accordance with 2.10.3.4 b) and be used.

The effect of transients from a CABLE DISTRIB taken into accoupht when

determining CLEARANCES (however, s

G
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Table 2K — Minimum clearances in secondary circuits

CLEARANCES in millimetres
Transient rating for Transient rating for Transn:cr:: rating
SECON%;‘\)I‘R)YVCIRCUIT SEC0N1Dg‘R)'; 3IRCUIT SECONDARY CIRCUIT Circ_uit not
WORKING VOLTAGE 2500V subject to
up to and see %) see 5) 5) transient
including see overvoltages
(Nominal AC MAINS SUPPLY (Nominal AC MAINS SUPPLY .
(Nominal Ac MAINS see 4)
voltage voltage SUPPLY voltage
<150 V) >150 V < 300 V) >300 V < 600 V)
Voltage 'rim“asgc Pollution Pollution Pollution Pollution ollution Pollution
peak or (-sin-u: Degrees Dearee 3 Degrees Dearee 3 Degree Degrees
d.c. ! 1 and 2 9 1 and 2 9 d@3 1 and 2 only
soidal)
\% \% F [B/IS| R F [B/IS| R F [BIS| R F |[BIS |§\ \Q F B/S R
71 50 |04 |07 (1410|1326 |07 (|10]20]{10|1, XK 1,7\ ,0 4,0 0,4 0,4 0,8
(0,2) [(0,2)](0,4)|(0,8)](0,8)(1.6) [(0,5)](0,5)[(1,0)](0,8)|(0,8|(1.6) %) (1, ,0) | (0,2) [(0,2)] (0,4)
140 100 | 0,6 | 0,7 | 1,4 110 ] 13|26 |07 |10] 2,0 1{\1% 2,% N 2,0 4,0 0,6 0,7 1,4
(0,2)((0,2)](0,4)|(0,8)](0,8)[(1.6) [(0,5)](0,5) [(1,0)] (0,8 (0.8 %2) \(‘Q (5) | (3,0) | (0,2) [(0,2)| (0,4)
210 150 | 0,6 |09 1,8 10| 13|26 |07 (10] 2 '1\0\\ ) \; 2,0 4,0 0,6 0,7 1,4
(0,2)](0,2)](0,4)[(0,8) [(0,8) [ (1.6)[(0,5)](0,5)|(7.0)[(0,8) NS) B6) | (1) | (1,5) | (3,0) | (0,2) [(0,2)] (0,4)
280 200 F11(08)B/S14(08)R28 1,6) / 7 | 20 | 40 1.1 |11 ] 2.2
/\ (1,5) | (1,5) | (3,0) | (0,2) |(0,2)]| (0,4)
420 300 F 1,6 (1,0) 3 8 1,7 2,0 4,0 1,4 1,4 2,8
(1,5) | (1,5) | (3,0) | (0,2) |(0,2)| (0,4)
700 500 /S R 5
840 600 R 5,0
1400 1000 F/ R 5,0
2 800 2 000 See 6)
7000 | 5000 See 6)
9 800 7 000 See 6)

14 000 10 000 See 6)

28 000 20000 F/B/S/R 80 See 6)

42000 | 30000 ee

F/B/S/R 130 See 6)

1) The Y t@ FUNCTIONAL INSULATION (F), BASIC INSULATION (B),| SUPPLEMENTARY
INSU R).

2) The to BASIC INSULATION, SUPPLEMENTARY INSULATION or REINFQRCED INSULATION
onlyli d to a quality control programme that provides at least the same Idvel of assurance
as t In particular, DOUBLE INSULATION and REINFORCED INSULATION shall be subjected
toR

3) For ween 2 800 V peak or d.c. and 42 000 V peak or d.c., linear interpoldtion is permitted
betw rest two points, the calculated spacing being rounded up to the next higher 0,1 mm |ncrement.

4) The|values are“applicable to d.c. SECONDARY CIRCUITS which are reliably connected to earth and have capacitive
filtefing which limjts tile peak-to-peak ripple to 10 % of the DC VOLTAGE.

5)  Whdreftransients in the equipment exceed this value, the appropriate higher CLEARANCE shall be usgd.

6) For WoeRKNGVOETFAGESabove— 1480 pca'r\ oo+ 000V rms—themmtntmctEARANCEtS51hm provided that

the CLEARANCE path is:

entirely through air, or

wholly or partly along the surface of an insulating material of Material Group I;

and the insulation involved passes an electric strength test according to 5.2.2 using:

an a.c. test voltage whose r.m.s. value is equal to 1,06 times the PEAK WORKING VOLTAGE, or
a d.c. test voltage equal to the peak value of the a.c. test voltage prescribed above.

If the CLEARANCE path is partly along the surface of a material that is not Material Group I, the electric strength test is

conducted across the air gap only.
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2.10.3.4 Measurement of transient voltage levels

The following tests are conducted only where it is required to determine whether or not
transient voltage across the CLEARANCE in any circuit is lower than normal (for example, due
to the effect of a filter in the equipment). The transient voltage across the CLEARANCE is
measured using the following test procedure, and the CLEARANCE shall be based on the
measured value.

During the tests, the equipment is connected to its separate power supply unit, if any, but is
not connected to the mains, nor to any TELECOMMUNICATION NETWORKS, and any surge
suppressors in PRIMARY CIRCUITS are disconnected.

A voltad

a) Tran
To

TRA
tabl

VOL

NOTE

Thre
imp

b) Tran

F

li
a
a

S

Three t
are app

e measuring device is connected across the CLEARANCE in questign.

sients due to MAINS TRANSIENT VOLTAGES on the AC MAINS SUBR

[AGE given in the column headings of table 2H.

br a DC MAINS SUPPLY, see G.2.2 and clause G.5.

e to six impulses of alternating polarity,
iIses, are applied between each of the folo

he-to-line;

measure the transieAt voltages across a CLEARANCE
COMMUNIGATION / : OLTAGES, the impulse test generator refg
/@s te” 10/700 us impulses. U. is equal
~ SIENT VOLTAGE.

ORK TRANSIENT VOLTAGE is not known

b Six’ iImpulses of alternating polarity, with intervals of at least 1 s between in

3 MAINS
hce 2 of
ANSIENT

between

due to
rence 1
to the

for the
a TNv-1

an SELV

pulses,

Ted-betweerreach of the foffowing TELECOMMUNTICATION NE TWORK TOTITITETHOTT PO

— each pair of terminals (for example, A and B or tip and ring) in an interface;

— all terminals of a single interface type joined together and earth.

2.10.4 Creepage distances

ints:

CREEPAGE DISTANCES shall be not less than the appropriate minimum values specified in
table 2L, taking into account the value of the WORKING VOLTAGE, the Pollution Degree and the
Material Group.
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For REINFORCED INSULATION, the values for CREEPAGE DISTANCE are twice the values for BASIC
INSULATION in table 2L.

If the minimum CREEPAGE DISTANCE derived from table 2L is less than the applicable minimum
CLEARANCE, that value of minimum CLEARANCE shall be applied as the minimum CREEPAGE

DISTANC

E.

It is permitted to use minimum CREEPAGE DISTANCES equal to the applicable CLEARANCES for
glass, mica, ceramic or similar materials.

For the

— the ictual r.m.s. or d.c. value shall be used;

— ifth

— shornt-

take
— shon

When d
NETWOR|
assume

- 60V
- 120

Materia
Materia
Materia
Materia

Materia

IEC 601

If the M

If a CTI
establis
be inclu
lower v{

WORKING VOLTAGE to be used in determining CREEPAGE DISTANCES:

h into account;
t-term disturbances (for example, transients) shall
btermining the WORKING VOLTAGE for a TNV CIRGY

K whose characteristics are not known,
d to be the following values:

d.c. for TNV-1 CIRCUITS;
Group |

Group Il

Group llla

Group I@

ded\in a gredp if its PTI established by these tests is equal to, or greater t
lue“of the CTI specified for the group.

[ICATION
hall be

rding to

can be

NG tes for proof trackmg index (PTI) as detailed in IEC 60112. A matefial may

Tan, the
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Table 2L — Minimum creepage distances
CREEPAGE DISTANCES in millimetres
FUNCTIONAL, BASIC and SUPPLEMENTARY INSULATION
\\I,vgf_rlﬂgg E‘;gt‘;':? Pollution Degree 2 Pollution Degree 3
v Material Group Material Group Material Group
r.m.s. or d.c. I, 1l, Illa or Illb | 1l Illa or IlIb | ] Illa or Illb
<50 0,6 0,9 1,2 1,5 1,7 1,9
100 see 1) 0,7 1,0 1,4 2,2
125 0,8 1,1 1,5 2,4
150 0,8 1,1 1,6 2,5
200 1,0 1,4 2,0 p
250 1,3 1,8 2,5 \1/}
300 1,6 2,2 3,2 5,
400 2,0 2,8 4,0 6,p
600 3,2 4,5 6,3 10,
800 4,0 5,6 ,0 12,5
1000 5,0 71 16,
1) INo minimum CREEPAGE DISTANCE is specified fo Degree 1. However, the
finimum CLEARANCE, as previously determined i pplies.
2) linear interpolation is permitted between t e calculated spacing being
founded to the next higher 0,1 mm incre

Complisg

The follpwing conftio )

Movabld

For eq
DISTANC
specifie

When n
slot or
it were
(see 2.1

in ccount annex F.

parts are pld t unfavourable positions.

ry NON-DETACHABLE POWER SUPPLY CORDS, CREEPAGE
ade with supply conductors of the largest cross-sectiohal area

GE DISTANCES from an ENCLOSURE of insulating material thfough a

covered by/metal foil wherever it can be touched by the test finger, fi
.1.9), applied without appreciable force (see figure F.12, point B).

2.10.5

The ade

NOTE 1

Solid insulation

quacy of solid insulation is verified by electric strength tests according to 5.2.

The term "solid insulation" refers to material that provides electrical insulation between two

jve as if
gure 2A

opposite

surfaces, not along an outer surface. Its required properties are specified either as the actual minimum distance
through the insulation (see 2.10.5.1), or by other requirements and tests in this standard instead of a minimum

distance.
NOTE 2

See also 3.1.4.
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2.10.5.1 Minimum distance through insulation

Except where 2.1.1.3 or another subclause of 2.10.5 applies, distances through insulation
shall be dimensioned according to PEAK WORKING VOLTAGE and to the application of the
insulation (see 2.9) and as follows:

if the PEAK WORKING VOLTAGE does not exceed 71V, there is no requirement for distance
through insulation;

if the PEAK WORKING VOLTAGE exceeds 71V, the following rules apply:

for FUNCTIONAL INSULATION and BASIC INSULATION there is no requirement at any PEAK
WORKING VOLTAGE for distance through insulation;

listance

The requirements of 2.10.5.1 also apply to gel dielectrics such a Y qe opto-

There TION or
REINFO pl ing of a
semicorductor component (for example, an opto-coupté SLEA EEPAGE
DISTANCES do not exist, if the component:

— pasges the tests and inspection crite

— is spbjected to ROUTINE TESTS ' ging the

Complig

2.10.5.2

NOTE T

Insulation in thi
used wilthin the i

OPERAT

app

SUPH
pass

{, irrespective of its thickness, provided that it is
and is not subject to handling or abrasion during
DR servicing ing applies:
prises at least two layers of material, each of which will
{ for SUPPLEMENTARY INSULATION; or

SUPH ENTARYGINSULATION comprises three layers of material for which all combjinations
of tw ill pass the electric strength test for SUPPLEMENTARY INSULA[TION; or

REIN SULATION comprises at least two layers of material, each of which will pass

lectri¢ strength test for REINFORCED INSULATION; or

REIN i i i indtions of
two layers together will pass the electric strength test for REINFORCED INSULATION.

There is no requirement for all layers of insulation to be of the same material.

Solvent-based enamel coatings are not considered to be insulation in thin sheet material.

Compliance is checked by inspection and by an electric strength test.
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Printed boards

For the inner layers of multi-layer boards, the distance between two adjacent tracks on the
same layer of a printed board is treated as distance through insulation (see 2.10.5.1).

SUPPLEMENTARY INSULATION Or REINFORCED INSULATION between conductive layers in double-
sided, single-layer printed boards, multi-layer printed boards and metal core printed boards,
shall have a minimum thickness of 0,4 mm or meet the requirements according to table 2M.

Table 2M - Insulation in printed boards

ROUTINE TESTS

illauiatiull ITTFE TEOSTO 1) for elec[(ric St}quth 3)

Two layers of sheet insulating material No N Y,
including pre-preg 2) /\ %

Three or more layers of sheet insulating No 0
material including pre-preg 2) /\

A ceramic coating that is cured at 2500 °C No \ \\ Xes

An insulation system, with two or more Ye \ \\@
coatings, that is cured at <500 °C /s\

1) Thermal ageing and thermal cycling of 2.10.6 followed by the electhc strehgtpriest of 5.2.2.
2)

3)

Complisg

Where ROUTINE

electric
INSULAT

2.10.5.4

Where
betweer
or 2.10.

a) Wirg

strengt
ON.

P.2. The
FORCED

equired
P.10.5.1

b) Wirq that"has multi-layer extruded or spirally wrapped insulation (where the layerq can be
individuathtestedforelectric—strengthhcomplying—with- 2 1052 and passestheltests of
annex U.

c) Wire that has multi-layer extruded or spirally wrapped insulation (where only the finished

wire
NOTE 1

can be tested) and passes the tests of annex U.
See also 6.2.1.
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In 2.10.5.4 c), the minimum number of constructional layers applied to the conductor shall be
as follows:

— BASIC INSULATION: two wrapped layers or one extruded layer;

— SUPPLEMENTARY INSULATION: two layers, wrapped or extruded;

— REINFORCED INSULATION: three layers, wrapped or extruded.

In 2.10.5.4 b) and 2.10.5.4 c), for spirally wrapped insulation where the CREEPAGE DISTANCES
between layers, as wrapped, are less than those given in table 2L for Pollution Degree 1, the

path between layers shall be sealed as for a cemented joint in 2.10.8 and the test voltages of
the TYPE TESTS in clause U.2 are increased to 1,6 times their normal values.

NOTE 2 |One layer of material wound with more than 50 % overlap is considered to constjtute twe layers

Where tﬁ/o insulated wires or one bare and one insulated wire are in & iNsg ¢ wound
componjent, crossing each other at an angle between 45° and i yvinding
tension| protection against mechanical stress shall be provi can be
achievef, for example, by providing physical separation in thé bving or
sheet miaterial, or by using double the required number of i

The finished component shall pass ROUTINE TESTS fg i ropriate
test volffages in 5.2.2.

Cified in
confirm

Complignce is checked by inspectio
annex U. However, the tests of anne
compliahce.

2.10.6 | Coated printed b

2.10.6.1 General

For printed boards whos g are coated with a suitable coating matgqgrial, the

minimurm separ are applicable to conductors before they are
coated, [subject to\tp

Either ¢ ; i parts/and at least 80 % of the distances over the|surface
betweer S S be coated. Between any two uncoated conductiye parts
and over theoutside oating, the minimum distances in tables 2H, 2J or 2K apply.

The valpes in{gble shall be used only if manufacturing is subject to a quality] control
progran ) idesvat least the same level of assurance as the example given if clause
R.1.1In DOUBLE INSULATION and REINFORCED INSULATION shall pass ROUTINE TESTS for
electricIFtrength.

In default of the above conditions, the requirements of 2.10.1, 2.10.2, 2.10.3 or annex G, and
2.10.4 shall apply.

The coating process, the coating material and the base material shall be such that uniform
quality is assured and the separation distances under consideration are effectively protected.

Compliance is checked by measurement taking into account figure F.11, and by the following
tests.
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Sample preparation and preliminary inspection

Three sample boards (or, for 2.10.9, two components and one board) identified as samples 1,
2 and 3 are required. It is permitted to use either actual boards or specially produced samples
with representative coating and minimum separations. Each sample board shall be represen-
tative of the minimum separations used, and coated. Each sample is subjected to the full
including soldering and cleaning, to which it is
normally subjected during equipment assembly.

sequence of manufacturing processes,

When visually inspected, the boards shall show no evidence of pinholes or bubbles in the
coating or breakthrough of conductive tracks at corners.

Table 2N — Minimum separation distances for coated prlnte boar

FUNCTIONAL, BASIC or
WORKING VOLTAGE SUPPLEMENTARY INSULATION Ch 'N pATION

V r.m.s. ord.c. mm /\

Up to and including 63 0,1 0,2
Over 63 up to and including 0,4
Over 125 up to and including 0,6
Over 160 up to and including 0,8
Over 200 up to and including 1,2
Over 250 up to and including 1,6
Over 320 up to and including 2,0
Over 400 up to and including 2,6
Over 500 up to and including 3,6
Over 630 up to and including 3,8
Over 800 up to and including 4,0
Over 1000 up to and incluging 4,2
Over 1 up to and includi 4,6
Over 1 5,0
Over 4 6,3
Over 2 8,2
Over 3 10
Over 4 13
Over 1§ 16
Over 6 20
Over § 26
Over 1( 33
Over 12 43
Over 16 55
Over 2( up to/and\ncluding 70
Over 24 000/ up to~and ipcluding 30 000 86 86
For volthges'between 2 000 V and 30 000 V, linear interpolation is permitted between the nearest two goints, the
calculated spacing being rounded up to the next higher 0,1 mm increment.
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2.10.6.3 Thermal cycling
Sample 1 is subjected 10 times to the following sequence of temperature
68 h at T1 £2°C;
1h at 25°C %2 °C;

2h at 0°C =2°C;

not less than 1 h at 25°C 2 °C.

T1=To+ Tma— Tamp + 10 K, measured in accordance with 1.4.5 and, where relevant, 1.4.13,
or 100 °C, whichever is higher. However, the 10 K margin is not added if the temperature is

cycles:

ad bv an embedded thermocounle
G- —aH-eHPeaaea1HeHRecoHPoe-

measur
temperature of the parts measured during the test of 4.5.1.

T, is the
pificance of Tyg and Tamyp iS @s given in 1.4.12.1.

jod of time taken for the transition from one temperat

The pen
but the transition is permitted to be gradual.

The sig

2.10.6.4 Thermal ageing

Sample
from the
g temperature of the coated beara:

operatin
at the specified temperature +2 °C. The

line is th

determine the temperatu
is involved.

becified,
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re index

bX lines.

When u
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Figure 2G - Thermal ageing time
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2.10.6.5 Electric strength test

Samples 1 and 2 are then subjected to the humidity conditioning of 2.9.2 (48 h) and shall
withstand the relevant electric strength test of 5.2.2 between conductors.

2.10.6.6 Abrasion resistance test

Sample board 3 is subjected to the following test.

Scratches are made across five pairs of conducting parts and the intervening separations at
points where the separations will be subject to the maximum potential gradient during the
tests.

The scratches are made by means of a hardened steel pin, the end ofwh 5 brm of a
cone having a tip angle of 40° its tip being rounded and pofishe Wi tf gdius of
0,25 mm £ 0,02 mm.
Scratchps are made by drawing the pin along the surface<in\a plapelpe y I to the
conducfor edges at a speed of 20 mm/s £ 5 mm/s as showd in fi € loaded
that the| force exerted along its axis is 10 N £ 0,5 N. 5t 5 mm
apart arn %
After th , and it
shall wi fied i 2. 2 betwéen conductors. In the case
of meta S
Direction
of movement
of pin
Specimen
undertelst

IEC 439/99

NOTE The pin is in the plane ABCD which is perpendicular to the specimen under test.

Figure 2H — Abrasion resistance test for coating layers
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Enclosed and sealed parts

For components or subassemblies which are adequately enclosed by enveloping or hermetic
sealing to prevent ingress of dirt and moisture, the values for Pollution Degree 1 apply to

internal

CLEARANCES and CREEPAGE DISTANCES.

NOTE Some examples of such construction include parts in boxes that are hermetically sealed by adhesive or
otherwise, and parts enveloped in a dip coat.

Compliance is checked by inspection from the outside, measurement and, if necessary, by
test. A component or subassembly is considered to be adequately enclosed if a sample
passes the following sequence of tests.

The sample is subjected 10 times to the following sequence of temperature cycles:

not les§

T1 :T2

or 85 °C¢ e if the tempe
measur

T is the

The sig

The pefniod of time taken from oke”temperature to another is not sf
but the transition is pe

The sample is { emperature and is subjected to the
conditioning of 2.9v2 /1 ¢ wnediately by the electric strength tests of 5.2.2.

For tran
safety,
thermal

2.10.8

Where
where i

68h at T; £2°C;
1h at 25°C +2°C;
2h at 0°C %2°C;
than 1h at 25°C +2°C.

+ Tma— Tamb + 10 K, measured in accordangé with ‘K4, here relevant

. at 50 Hz to 60 Hz is applied between windings du

sulation is reliably cemented together with insulating compound, so that CLEA

1.4.13,
ature is

pecified,

numidity

and similar devices, where insulation is relied yipon for

ring the
nis test.

including

RANCES

and CREEPAGE DISTANCES du notexist, onty the Teguirerments—for distancethrough it

of 2.10.5.1 apply.

NOTE Some examples of such treatment are variously known as potting, encapsulation and
impregnation.

sulation

vacuum
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Compliance is checked by inspection, measurement and test. There is no measurement of

CLEARANCES and CREEPAGE DISTANCES if samples pass the thermal cycling,

conditioning and electric strength tests specified in 2.10.7, applied as follows:

humidity

— for components where insulating compound forms solid insulation between conductive
parts, a single finished component is tested. The tests are followed by inspection,
including sectioning, and measurement. There shall be neither cracks nor voids in the
insulating compound such as would affect compliance with 2.10.5.1.

— for components where insulating compound forms a cemented joint with other insulating
parts, the reliability of the joint is checked by subjecting three samples to the electric
strength tests applied directly to the cemented joint. If a winding of solvent-based
enamelled wire is used in the component, it is replaced for the test by a metal foil or by a

few
testd

e 0O
in
t
o
h

2.10.9

The reg
spacing
satisfyin
which is
(see 2.1
parts ar
the mini

If coati
CLEARAN
ensure

termina
separat

Complig

sequenge

The abn

turns of bare wire, placed close to the cemented joint. The three samples are then

bd as follows:

ne of the samples is subjected to the relevant electric f 5.2.2,

nmediately after the last period at highest temperature durikg except
at the test voltage is multiplied by 1,6;

e other samples are subjected to the relevant electri of §/2.2 after the

to the

material

mple of

given in clause R.1. In such @ case, the ®winilum separation distances of {able 2N

egtween any two uncoated copductive

0.6.1) apply to the component\befq oabi
d over the outside” of the toating, the nini
18 Ash

hShna

Ngs are use t inagj increase effective CREEPAGE DISTANC
CES, th i ~ S nd rigidity of the terminations shall be ade
that, during 2 ing, assembly into equipment and subsequent
ions will [ I3 eformation which would crack the coating or red

e ductive parts below the values in table 2N (see 2.10

board 4

CLEARANCE of 2.10.3 or annek G and

ES and
uate to
se, the
uce the
6.1).

ing the
ut on a

printed

s Xdescribed for sample 3 in 2.10.6.2, except that the separation betw

ben the

conductive parts—shatt-be represerntative of the TmimimanT separations and maxinar

gradients used in the assembly.

2.10.10

Insulation with varying dimensions

otential

If the insulation of a transformer has different WORKING VOLTAGES along the length of the
winding, it is permitted to vary CLEARANCES, CREEPAGE DISTANCES and distances through
insulation accordingly.

NOTE An example of such a construction is a 30 kV winding, consisting of multiple bobbins connected in series,
and earthed at one end.
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3 Wiring, connections and supply

3.1 General
3.11 Current rating and overcurrent protection

The cross-sectional area of internal wires and INTERCONNECTING CABLES shall be adequate for
the current they are intended to carry when the equipment is operating under NORMAL LOAD
such that the maximum permitted temperature of conductor insulation is not exceeded.

All internal wiring (including busbars) and INTERCONNECTING CABLES used in the distribution of

CICutt by antably

\ T—V_NETL ] ball | 4 ol H FS F <l [
PRIMART CINLUTT PUWTT  olldll VT PruttuiTuUu GHGIIIOL UVTCTUUTTCTITIU arifu ol1uU]g,

rated prptective devices.

Wiring mot directly involved in the distribution path does not require\p lom\if itpcan be
shown { i

NOTE 1 |Devices for overload protection of components may also providg

NOTE 2 |Internal circuits connected to an AC MAINS SUPPLY or to a~RC M» P a individual
protectior] depending on reduced wire size and length of conductor

Complignce is checked by inspection and, as approp

3.1.2 Protection against mechanica

Wireways shall be smooth and free fronh\sharp sdge i nat they
do not |come into contact with burrs/ cooling ¥ i cause
damage to the insulation of conductors. R S pass,
shall have smooth well-roy 3

It is pefmitted for wire S st with wire wrapping posts and the like if any
breakdgwn of i S azard, or if adequate mechanical protgction is
provided by the

Complig

3.1.3

Internallwiring afkbe royted, supported, clamped or secured in a manner that redyces the
likelihod :

— excdssive strain oy wire and on terminal connections; and

— loosgning of terminal connections; and

— damage of conductor insulation.

Compliance is checked by inspection.


https://iecnorm.com/api/?name=eb66d5dcf626986f57ea5da2f86c61bc

60950-1 © IEC:2001 -215 -

3.1.4 Insulation of conductors

Except as covered in 2.1.1.3 b), insulation of individual conductors of internal wiring shall fulfil
the requirements of 2.10.5 and be capable of withstanding the applicable electric strength test
specified in 5.2.2.

Where a power supply cord, whose insulating properties comply with those of the cord types
of 3.2.5, is used inside the equipment, either as an extension of the external power supply
cord or as an independent cable, the sheath of the power supply cord is considered to be
adequate SUPPLEMENTARY INSULATION for the purpose of 3.1.4.

NOTE Requirements regarding colours of insulation are in 2.6.3.4.

Complignce is checked by inspection and evaluation of test data showjng thathehrinsulation
withstands the relevant test voltage.

If such electric
strength ant test
voltage |as follows:

— fori 0885-1,
usin jon under
congideration; and

- for uctors):
betw und the
slee

3.1.5

Beads gnd similar ceramic\

— be dqo fixed or_suppoH that a
hazard woul

— not fest on sharp

If beadsd insulating
sleeve, mal use
would n

Complig

A force , if any,

shall nof create a hazard in the meaning of this standard.

3.1.6 Screws for electrical contact pressure

Where electrical contact pressure is required, a screw shall engage at least two complete
threads into a metal plate, a metal nut or a metal insert.

Screws of insulating material shall not be used where electrical connections, including
protective earthing, are involved, or where their replacement by metal screws could impair
SUPPLEMENTARY INSULATION or REINFORCED INSULATION.

Where screws of insulating material contribute to other safety aspects, they shall be engaged
by at least two complete threads.

NOTE See also 2.6.5.7 for screws used for protective earthing continuity.
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Compliance is checked by inspection.

3.1.7 Insulating materials in electrical connections

Electrical connections, including those for protective earthing functions (see 2.6), shall be so

designed that contact pressure is not transmitted through insulating material unless

there is

sufficient resilience in the metallic parts to compensate for any possible shrinkage or

distortion of the insulating material.

Compliance is checked by inspection.

3.1.8 Self-tappingand-spaced-threadserews

Spaced|thread (sheet metal) screws shall not be used for the connecfi
parts, upless they clamp these parts directly in contact with each otfie
a suitable means of locking.

Self-tapping (thread-cutting or thread-forming) screws sha

thread. Moreover, such screws shall not be used if theya
unless the thread is formed by a swaging action.

NOTE Sge also 2.6.5.7 for screws used for protective ear

Complignce is checked by inspection.

3.1.9 Termination of conductors

Conductors shall be pro
terminafed, that they and
terminals) cannot, in
DISTANCES are reduced

It is permitted to@

for the g¢onnection g
or fixed

oldered terminations, the conductor shall be po
upon the soldering alone to maintain the cond

position
In multi 7 and wherever shorting could otherwise occur, means
provide( onta t between parts |n SELV CIRCUITS or TNV CIRCUITS and

HAZARDQUS

Complignée ,is cheCked by inspection, by measurement and, where necessary,

carrying

igled with

lectrical

installer

be so
connect
EEPAGE

imped, screwless (push-in) and similar termlinations

sitioned
uctor in

shall be
barts at
n.

by the

following—test

A force of 10 N is applied to the conductor near its termination point. The conductor shall not
break away or pivot on its terminal to the extent that required CLEARANCE Or CREEPAGE

DISTANCES are reduced below the values required in 2.10.
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For the purpose of assessing compliance it is assumed that:

— two independent fixings will not become loose at the same time; and

— parts fixed by means of screws or nuts provided with self-locking washers or other means
of locking are not liable to become loose.

NOTE Spring washers and the like can provide satisfactory locking.
Examples of constructions regarded as meeting the requirements include:

— close-fitting tubing (for example, a heat shrink or synthetic rubber sleeve), applied over
the wire and its termination;

— cohductltors—connected hy cnldar:ng and-_held in pl:ar\n near to—the fnrm,nat,on,

independently of the soldered connection;

— conductors connected by soldering and "hooked in" before soldéxing, i fhat the
hole|through which the conductor is passed is not unduly large;

— conductors connected to screw terminals, with an additional/fix+ 2O fnal that
clanmps, in the case of stranded conductors, the insulation a ors;

unlikely
of such

— conductors connected to screw terminals and providea
to become free (for example, ring lugs crimped on
terminators is considered;

— short rigid conductors that remain in position

3.1.10 | Sleeving on wiring

Where $leeving is used as SUPPLEME internal wiring, it shall be fetained

in positipn by positive mea
Complignce is checked\by In

Examplés of co clude:

— sleeying that ca bVing;
— slee
— heat

— sleeyi

3.2 Connection to\an a.c. mains supply or a d.c. mains supply

3.2.1 Means of connection

3.211 Connection to an a.c. mains supply

For safe and reliable connection to an AC MAINS SUPPLY, equipment shall be provided with one
of the following:

— terminals for permanent connection to the supply;
— a NON-DETACHABLE POWER SUPPLY CORD for permanent connection to the supply, or for
connection to the supply by means of a plug;

NOTE In the United Kingdom, it is required to fit a plug conforming to BS 1363 to the power cord of certain
equipment.
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— an appliance inlet for connection of a DETACHABLE POWER SUPPLY CORD;
— a mains plug that is part of DIRECT PLUG-IN EQUIPMENT.

Compliance is checked by inspection.

3.21.2 Connection to a d.c. mains supply

For safe and reliable connection to a DC MAINS SUPPLY, equipment shall be provided with one
of the following:

— terminals for permanent connection to the supply;

— a NON-DETACHABLE POWER SUPPLY CORD for permanent connection to_the supply, or for
connection to the supply by means of a plug;

— an appliance inlet for connection of a DETACHABLE POWER SUPPLY C@RD.

Phazard
reverse

Plugs a
could be
polarity

It is pe uipment
mains i if any,
provided the equipment installation instructions detail the propéerearthi m.

Complig

3.2.2

If equipment is provided , nnection (for example, with different
voltageg or frequencies of as har S gn shall be such that all of the fpllowing
conditions are met:

— sepgrate mea i ided for different circuits; and

— supply plug @ i areNgot’interchangeable if a hazard could be crgated by
incofrect plugging

— bare ELY « afts at HAZARDOUS VOLTAGES, such as plug contgcts, are
not accessible t en one or more connectors are disconnected.

Complignee_i inspéction and for accessibility, where necessary, by a test|with the
test fing .1.1.1).
3.23 ently>)>connected equipment

PERMANENTLY CONNECTED EQUIPMENT shall be provided with either:

— a set of terminals as specified in 3.3; or
— a NON-DETACHABLE POWER SUPPLY CORD.
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PERMANENTLY CONNECTED EQUIPMENT having a set of terminals shall:

— permit the connection of the supply wires after the equipment has been fixed to its
support; and

— be provided with cable entries, conduit entries, knock-outs or glands, which allow
connection of the appropriate types of cables or conduits.

For equipment having a RATED CURRENT not exceeding 16 A, the cable entries shall be
suitable for cables and conduits having an overall diameter as shown in table 3A.

NOTE 1 In Canada and the United States the dimensions in parentheses are the size of conduit opening required
for terminating nominal 1/2 inch and 3/4 inch trade size conduits.

NOTE 2 pmAustrata, additiomat TequiTementsappiy-

Conduit| and cable entries and knock-outs for supply connections sdal ipned or
located |that the introduction of the conduit and cable does not affé ion| against
electric [shock, or reduce CLEARANCES and CREEPAGE DISTANCES bglow ecified
in 2.10.

Complignce is checked by inspection, by a practical installa . ¢ ~ ent.

Table 3A — Sizes of cables and con
a rated current not

Number of conductors,
including the
PROTECTIVE EARTHING CONDUCTO,
where provided ébl\e> Conduit

(N
\3 1 16,0 (22,2)

16,0 (22,2)
4 14,5 20,0 (27,8)
5 15,5 20,0 (27,8)

3.24 Appliance I

Appliang the following
— be gk {6 gsed that parts at HAZARDOUS VOLTAGE are not accessiblg¢ during
insefti the connector (appliance inlets complying with IEC 60309 or with

IEC
— be sp {ocated th

|dered to comply with this requirement); and
at the connector can be inserted without difficulty; and

— be solocated that, after insertion of the connector, the equipment Is not supported by the
connector for any position of normal use on a flat surface.

Compliance is checked by inspection and, for accessibility, by means of the test finger,
figure 2A (see 2.1.1.1).
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Power supply cords

AC power supply cords

A power supply cord for connection to the AC MAINS SUPPLY shall comply with all of the
following, as appropriate:

— if rubber insulated, be of synthetic rubber and not lighter than ordinary tough rubber-
sheathed flexible cord according to IEC 60245 (designation 60245 IEC 53); and

— if PVC insulated:
» for equipment provided with a NON-DETACHABLE POWER SUPPLY CORD and having a mass

not exceeding 3 kg, be not lighter than light PVC sheathed flexible cord according to

NOTE 1
POWER sU

— incld
CON

— have
NOTE 2

Complig
complia
applied

NOTE 3
IEC 6022

Damags

FC 60227 (designation 60227 IEC 52);

br equipment provided with a NON-DETACHABLE POWER SUPPLY
xceeding 3 kg, be not lighter than ordinary PVC sheathed
FC 60227 (designation 60227 |IEC 53);

br equipment provided with a DETACHABLE POWER SUPPLY ;
ght PVC sheathed flexible cord according to IEC 602 (desi
nd

There is no limit on the mass of the equipment if the gquipme

PPLY CORD.

de, for equipment required to have
DUCTOR having green-and-yellow iqsula

— duripg the flexing\tes does not make contact with any conductor, and

— afte
and

qiple withstands the electric strength test between the

a mass
ding to

ter than
EC 52);

[TACHABLE

ARTHING

) cords,
heed be

t tests of

screen
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Table 3B - Sizes of conductors

Minimum conductor sizes

RATED CURRENT of equipment Nominal AWG or kcmil
cross-sectional area [cross-sectional area
A in mm?2]
mm?2 see note 2
Up to and including 6 0,751 18 [0,8]
Over 6 up to and including 10 (0,75) 2) 1,00 16  [1,3]
Over 10 up to and including 13 (1,0) 3 1,25 16 [1,3]
Over 13 up to and including 16 (1,0) 3 1,5 14 [2]
Over 16 up to and including 25 2,5 12 [3]
Over P5 up to and including 32 4 [5]
Over B2 up to and including 40 6

Over KO0 up to and including 63
Over P3 up to and including 80
Over B0 up to and including 100
Over 1P0 up to and including 125
Over 1P5 up to and including 160

Over 150 up to and including 190 00 [85]
Over 1P0 up to and including 230 00 [107
Over 2B0 up to and including 260 0 kemil [126

Over 250 up to and including 300
Over 3P0 up to and including 340
Over 3£0 up to and including 400
Over 4D0 up to and including 460

00 kemil [152
400 kemil  [202
500 kcmil [253
600 kcmil  [304

1) Fd
prpvided that the length of the cord doeg not

ntries

2) The value in parentheseg appli rated
10| A in accordance with e cord
does not exceed 2 my

3) The value in parenthes

16| A in accor ce wjth IEC
not exceed Xm.

NOTE]
those
accep|

plies to\DEBRACHABLE POWER SUPPLY CORDS fitted with the connectorq rated
21 and C23) provided that the length of the corqd does

winations of appliance couplers and flexible cords, indluding
ever, a number of countries have indicated that they ¢lo not
articularly those covered by items 1), 2) and 3).

NOTE] rovided for information only. The associated cross-sectional argas, in
squar d to show significant figures only. AWG refers to the American Wire
Gage ers to circular mils where one circular mil is equal to the area of a circle having
a dian iNone thousandth of an inch). These terms are commonly used to designate wird sizes
in Nor i

3.2.5.2 —DBE€powersupptycords

A power supply cord for connection to the DC MAINS SUPPLY shall be suitable for the voltage,
current and the physical abuses it is likely to encounter.

Compliance is checked by inspection.

3.2.6 Cord anchorages and strain relief

For equipment with a NON-DETACHABLE POWER SUPPLY CORD, a cord anchorage shall be
supplied such that:

— the connecting points of the cord conductors are relieved from strain; and

— the outer covering of the cord is protected from abrasion.
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It shall not be possible to push the cord back into the equipment to such an extent that the
cord or its conductors, or both, could be damaged or internal parts of the equipment could be
displaced.

For NON-DETACHABLE POWER SUPPLY CORDS containing a PROTECTIVE EARTHING CONDUCTOR, the
construction shall be such that if the cord should slip in its anchorage, placing a strain on
conductors, the PROTECTIVE EARTHING CONDUCTOR will be the last to take the strain.

The cord anchorage shall either be made of insulating material or have a lining of insulating
material complying with the requirements for SUPPLEMENTARY INSULATION. However, where the
cord anchorage is a bushing that includes the electrical connection to the screen of a
screened_paower cord_ this requirement shall not apply The construetion of the cord

anchorgge shall be such that:

— cordlreplacement does not impair the safety of the equipment; anpd

— for drdinary replacement cords, it is clear how relief from strain i i s and
— the pord is not clamped by a screw which bears directl e cord
anchorage, including the screw, is made of insulatj i w is of

— methods such as tying the cord into a knot or tying the cord wi ed; and
— the pord cannot rotate in relation to the BOD i 0 such an extent that
mechanical strain is imposed on the~e recti

Complignce is checked by inspection a ollowing tests which are made with
the typg of power supply cord supplied -

The cof pown in table 3C, applied in the most

unfavou 8, each time for a duration of 1 s.

During y visual
inspecti brs and
accessi

After th Dy more
than 2 CES and
CREEPA

M<1 30
1<M<4 60
M>4 100
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Protection against mechanical damage

Power supply cords shall not be exposed to sharp points or cutting edges within or on the

surface

of the equipment, or at the inlet opening or inlet bushing.

The overall sheath of a NON-DETACHABLE POWER SUPPLY CORD shall continue into the
equipment through any inlet bushing or cord guard and shall extend by at least half the cord

diamete

r beyond the clamp of the cord anchorage.

Inlet bushings, where used, shall:

— be reliably fixed; and

— not llne removable without the use of a TOOL.

A metal

ic inlet bushing shall not be used in a non-metallic ENCLOSUR

An inletl bushing or cord guard secured to a conductive part protectively |earthed
shall mget the requirements for SUPPLEMENTARY INSULATION,

Complignce is checked by inspection and measuremept.

3.2.8 Cord guards

A cord guard shall be provided at the Qowe eriing of equipment wihich has
a NON-DETACHABLE POWER SUPPLY CORD ; -HELD EQUIPMENT or is intgnded to
be moved while in operation. Alternatively, the Nnlet\or bushing shall be provided with a

smoothl

y rounded bell-mouthed opening hawvin dius of curvature equal to at Igast 1,5
times thie overall diameter of { rge gss-sectional area to be conngcted.

Cord g

— be qo0 desigpéd a
equipment; an

— be

Complig
followin

ards shall:

insulating

ers the

e times

by the

The equipment is so placed that the axis of the cord guard, where the cord leaves it, projects
at an angle of 45° when the cord is free from stress. A mass equal to 10 xD2g js then
attached to the free end of the cord, where D is the overall diameter of, or for flat cords, the
minor overall dimension of the cord, in millimetres.

If the cord guard is of temperature-sensitive material, the test is made at 23 °C + 2 °C.

Flat cords are bent in the plane of least resistance.

Immediately after the mass has been attached, the radius of curvature of the cord shall
nowhere be less than 1,5 D.
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3.29 Supply wiring space

The supply wiring space provided inside, or as part of, the equipment for permanent connection or
for connection of an ordinary NON-DETACHABLE POWER SUPPLY CORD shall be designed:

— to allow the conductors to be introduced and connected easily; and

— so that the uninsulated end of a conductor is unlikely to become free from its terminal, or,

should it do so, cannot come into contact with:

* an accessible conductive part that is not protectively earthed; or

* an accessible conductive part of HAND-HELD EQUIPMENT; and

— to permit checking before fitting the cover, if any, that the conductors are correctly

conrnected and positioned; and

— so that covers, if any, can be fitted without risk of damage to the supply u

thein insulation; and

— so that covers, if any, giving access to the terminals can b

available TOOL.

Complig
Cross-sé

3.3 Wiring terminals for connection of exte
3.3.1

PERMAN
SUPPLY
SCrews,

Complisg

3.3.2

For equ
individu
means
the permi
(See ald

Complig

which shall ne. ) the values of 4.5.1.

3.3.3

ith ordinary NON-DETACHABLE
connection is made by m

ctors or

mmonly

largest

POWER
eans of

of the
by any
ceeding
[ LOAD.

inspection and by measuring the temperature of the cofnection

Screws and nuts which clamp external mains supply conductors shall have a thread
conforming to ISO 261 or ISO 262, or a thread comparable in pitch and mechanical strength
(for example, unified threads). The screws and nuts shall not serve to fix any other
component, except that they are permitted also to clamp internal conductors provided that the
internal conductors are so arranged that they are unlikely to be displaced when fitting the
supply conductors. For protective earthing terminals, see also 2.6.4.2.

The terminals of a component (for example, a switch) built into the equipment are permitted
for use as terminals for external mains supply conductors, provided that they comply with the

requirements of 3.3.

Compliance is checked by inspection.
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3.34 Conductor sizes to be connected

Terminals shall allow the connection of conductors having nominal cross-sectional areas as
shown in table 3D.

Where heavier gauge conductors are used, the terminals shall be sized accordingly.

Compliance is checked by inspection, by measurement and by fitting cords of the smallest
and largest cross-sectional areas of the appropriate range shown in table 3D.

Table 3D — Range of conductor sizes to be accepted by terminals

Nominal cross-section rea
RATED CURRENT of equipment

mm* O
A AN
Flexible cords X)}\q éi{é\/

Up to and including 3 0.5 to 0,75 \ tMS
Over| 3 up to and including 6 0.75 1 o 2,5
Over| 6 up to and including 10 1 x 3 2,5
Over|10 up to and including 13 1.25 to 4
Over|13 up to and including 16 1.5 to 4
Over|16 up to and including 25 2,5 to 6
Over|25 up to and including 32 4 to 10
Over|32 up to and including 40 to 16
Over|40 up to and including 63 x {0 10 to 25

3.3.5 Wiring terminal

Wiring terminals shall ¢

Complignce is ci@a

protective earthing conductors 1)

\ Minimum nominal thread diameter
ATED\CURR of eqiiipment
mm
Pillar type or stud type Screw type 2)

Upto andeing 10 3,0 3,5
Overl1Qwp to and including 16 3.5 4.0
Over 16 up to and including 25 4,0 5,0
Over 25 up to and including 32 4,0 5,0
Over 32 up to and including 40 5,0 5,0
Over 40 up to and including 63 6,0 6,0

1) This table is also used for the sizes of terminals for PROTECTIVE BONDING CONDUCTORS if specified
in2.6.4.2.

2) "Screw type" refers to a terminal that clamps the conductor under the head of a screw, with or
without a washer.
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Wiring terminal design

Wiring terminals shall be so designed that they clamp the conductor between metal surfaces
with sufficient contact pressure and without damage to the conductor.

Terminals shall be so designed or located that the conductor cannot slip out when the
clamping screws or nuts are tightened.

Terminals shall be provided with appropriate fixing hardware for the conductors (for example,
nuts and washers).

Terminag
loosene

ened or

— the ferminal itself does not work loose; and

— interjnal wiring is not subjected to stress; and

— CLEARANCES and CREEPAGE DISTANCES are not reduced belo in 2.10.
Complignce is checked by inspection and measurement.

3.3.7 Grouping of wiring terminals

For ord PERMANENTLY CONNECTED
EQUIPMH Ocated in proximity [to each
other ar

For ord and for PERMANENTLY CONNECTED
EQUIPMH shall be located in proximity [to each
other. T B main protective earthing terminal, if any,
provided the installatio proper earthing of the system.

Complisg

3.3.8

The eng or shall not be consolidated by soft soldering at placep where
the con act pressure unless the method of clamping is designed so as
to redug d contact due to cold flow of the solder.

Spring { that\compensate for the cold flow are deemed to satisfy this requiremient.
Preventjngithe clamping screws from rotating is not considered to be adequate.

Terminals shall be located, guarded or insulated so that, should a strand of a flexible
conductor escape when the conductor is fitted, there is no likelihood of accidental contact
between such a strand and:

— accessible conductive parts; or

— unearthed conductive parts separated from accessible conductive parts by SUPPLEMEN-
TARY INSULATION only.
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Compliance is checked by inspection and, unless a special cord is prepared in such a way as
to prevent the escape of strands, by the following test.

A piece of insulation approximately 8 mm long is removed from the end of a flexible conductor
having the appropriate nominal cross-sectional area. One wire of the stranded conductor is
left free and the other wires are fully inserted into, and clamped in the terminal.

Without tearing the insulation back, the free wire is bent in every possible direction, but
without making sharp bends around the guard.

If the conductor is at HAZARDOUS VOLTAGE, the free wire shall not touch any conductive part
which igaccessibte-orfsconmectedtoanaccessibteconductivepart-or—ivthe<caseoff DOUBLE
INSULATED equipment, any conductive part which is separated from agcessible~copductive
parts by SUPPLEMENTARY INSULATION only.

If the cqnductor is connected to an earthing terminal, the free wire sk part at

HAZARDQUS VOLTAGE.

3.4 Disconnection from the mains supply
3.4.1 General requirement

A disconnect device or devices shall be le mains

supply for servicing.

NOTE Irfstructions may be provided to allow se g P ening the
disconnegt device.

Complignce is checked by it
3.4.2 Disconnect de
Disconnect devi@h |
in the equipment;

Functionpal switcl es\are erve as disconnect devices provided that theyl comply

ect devices. However, these requirements do not ppply to
eans of isolation are provided.

porated

function

The follpwi D¢ i nnect devices are permitted:

— the
- a miins plug that is part of DIRECT PLUG-IN EQUIPMENT;

— an appliance coupler;
— an isolating switch;

— a circuit breaker;

— any equivalent device.

Compliance is checked by inspection.
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3.43 Permanently connected equipment

For PERMANENTLY CONNECTED EQUIPMENT, the disconnect device shall be incorporated in the
equipment, unless the equipment is accompanied by installation instructions in accordance
with 1.7.2, stating that an appropriate disconnect device shall be provided as part of the
building installation.

NOTE External disconnect devices will not necessarily be supplied with the equipment.

Compliance is checked by inspection.

3.4.4 Parts which remain energized

Parts op the supply side of a disconnect device in the equipment, which re
when thle disconnect device is switched off, shall be guarded so as to e
accidental contact by a SERVICE PERSON.

in lenergized
he-hkellhood of

Complignce is checked by inspection.

3.4.5 Switches in flexible cords

Isolating switches shall not be fitted in flexible cords

Complignce is checked by inspection.

3.4.6 Single-phase and d.c. equipment

For single-phase and d.c. equipmen evice shall disconnect both poles
simultaneously, except tha i vice can be used to disconpect the
line conductor where it is‘Qossi S e’ i fication of an earthed conductol in a DC
MAINS SUPPLY or an ea ' \ SUPPLY.

For equjpment p onnect device, the installation instructigns shall

specify |that an “addition scohnect device is to be provided in the |building

installatjon if the equ S identification of an earthed conductor in a QC MAINS

SUPPLY \ al i MAINS SUPPLY is not possible.

NOTE T s S e a two-pole disconnect device is required are:

- oneq

- on 'ID'L E_E (ENT s pplied through a reversible appliance coupler or a reversible plug (Unless the
applia

— on eqlipmentistipplied ftom a socket-outlet with indeterminate polarity.

Compligncé/is checked by inspection.

3.4.7 Three-phase equipment

For three-phase equipment, the disconnect device shall disconnect simultaneously all line
conductors of the AC MAINS SUPPLY.

For equipment requiring a neutral connection to an IT power distribution system, the
disconnect device shall be a four-pole device and shall disconnect all line conductors and the
neutral conductor. If this four-pole device is not provided in the equipment, the installation
instructions shall specify the need for the provision of the device as part of the building
installation.
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If a disconnect device interrupts the neutral conductor, it shall simultaneously interrupt all line
conductors.

Compliance is checked by inspection.

3.4.8 Switches as disconnect devices

Where the disconnect device is a switch incorporated in the equipment, its "ON" and "OFF"
positions shall be marked in accordance with 1.7.8.

Compliance is checked by inspection.

349 Plugs as disconnect devices

Where @ plug on the power supply cord is used as the disconn allation
instructions shall comply with 1.7.2.

Complignce is checked by inspection.

3.4.10 | Interconnected equipment

Where a group of units having individual supply € h a way
that it is possible for HAZARDOUS VOLT® ‘ nsmitted
betweer umts a dlsconnect device sh i 'hazardous parts likgly to be
contactg is | guarded
and ma ided on
each un

Complignce is checked by\nspe

3.4.11 | Multiple pow
Where a unit re@
frequengi
device givi

morexthan one source (for example, different voIJages or
g shall be a prominent marking at each disconnect
the removal of all power from the unit.

Complig

3.5 Inte

3.5.1 Generakrequirements

Where gnvéquipment is intended to be electrically connected to another equipment, to an
accessory or to a TELECOMMUNICATION NETWORK, interconnection circuits shall be selected to
provide continued conformance to the requirements of 2.2 for SELV CIRCUITS, and with the
requirements of 2.3 for TNV CIRCUITS, after making connections.

NOTE 1 This is normally achieved by connecting SELV CIRCUITS to SELV CIRCUITS, and TNV CIRCUITS to TNV
CIRCUITS.

NOTE 2 It is permitted for an INTERCONNECTING CABLE to contain more than one type of circuit (for example, SELV
CIRCUIT, LIMITED CURRENT CIRCUIT, TNV CIRCUIT, ELV CIRCUIT or HAZARDOUS VOLTAGE circuit) provided that they are
separated as required by this standard.

Compliance is checked by inspection.
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3.5.2 Types of interconnection circuits
Each interconnection circuit shall be one of the following types:

— an SELV CIRCUIT or a LIMITED CURRENT CIRCUIT; or
— a TNV-1, TNV-2 or TNV-3 CIRCUIT; or
— a HAZARDOUS VOLTAGE circuit.

Except as permitted in 3.5.3, interconnection circuits shall not be ELV CIRCUITS.

Compliance is checked by inspection.

3.5.3 ELV circuits as interconnection circuits

Where @additional equipment is specifically complementary to the
example, a collator for a copying machine) ELV CIRCUITS are jerh
circuits | between the equipments, provided that the equip
requirements of this standard when connected together.

Complignce is checked by inspection.

&
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4 Physical requirements

41 Stability

Under conditions of normal use, units and equipment shall not become physically unstable to
the degree that they could become a hazard to an OPERATOR or to a SERVICE PERSON.

If units are designed to be fixed together on site and not used individually, the stability of
each individual unit is exempt from the requirements of 4.1.

The requirements of 4.1 are not applicable if the installation instructions for a unit specify that

the equ

Under d
operatid

During
either b
PERSON

Complisg
separat
rated c3
normal
locked

installaty

the cas
consistg

— A uni

Doo

- Afld
to 2
excq
may
mos

- A fl

applf

at le
this
of a

pment is to be secured to the building structure before operation.

surf:

with

uneven surfaces (for example, corrugated or curved surfaces).

4.2 Mechanical strength

4.2.1

General

onditions of OPERATOR use, a stabilizing means, if needg atic in
n when drawers, doors, etc., are opened.
bperations performed by a SERVICE PERSON, the sta A d, shall
e automatic in operation, or a marking shall b i i SERVICE
to deploy the stabilizing means
nce is checked by the following tests ¢ . Each test is carfied out
ely. During the tests, containers f { of substance within their
pacity producing the most di astors and jacks, iflused in
operation, are placed in their n abl position, with wheels and |the like
br blocked. However, if the casto® ] d only to transport the unit, afpd if the
' and not
eg’in their most unfavourable position
nt with reasonabl

it shall not fal bosition.
s, drawers, etc, S S P .

or—stan j ing § kg or more shall not fall over when a for¢e equal

D % of the” weig s but not more than 250 N, is applied in any direction

height ot exceeding 2 m from the floor. Doors, drawers, etd., which

th€é OPERATOR or by a SERVICE PERSON, are placed in their

ionconsistent with the installation instructions

not fall over when a constant downward force of 800 N is

aximum moment to any horizontal surface of at least 12,6 cm by

ght up to 1 m from the floor. Doors, drawers, etc., are closefl during

force is applied by means of a suitable test tool having a flat|surface

K A2,6 cm by 20 cm. The downward force is applied with the complete flat

c€&.0f the test tool in contact with the EUT; the test tool need not be in full|contact

Equipment shall have adequate mechanical strength and shall be so constructed as to remain
safe in the meaning of this standard when subjected to handling as may be expected.
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Mechanical strength tests are not required on an internal barrier, screen or the like, provided

to meet

the requirements of 4.6.2, if the ENCLOSURE provides mechanical protection.

A MECHANICAL ENCLOSURE shall be sufficiently complete to contain or deflect parts which,
because of failure or for other reasons, might become loose, separated or thrown from a

moving

part.

Compliance is checked by inspection of the construction and available data and, where
necessary, by the relevant tests of 4.2.2 to 4.2.7 as specified.

The tests are not app//ed to handles levers, knobs the face of cathode ray tubes (see 4.2.8)

or to tr parts at
HAZARD 1), if the
handle,

During ES shall
not brid t a bare
part at HAZARDOUS VOLTAGE. For voltages exceeding 1 000V ntact is
not permitted and there shall be an air gap between the and the
ENCLOSWRE. This air gap shall either have a minimum leng EARANCE
specifiefl in 2.10.3 for BASIC INSULATION or withstand the releva 5.2.2.
After the hents of
2.1.1, 2 ration of
safety fp bcks. In
case of ) to an
electric

Damagdq to finish, cracks dafety.
NOTE If|la separate ENCLGQ assemble
such part$ on the equifme

4.2.2 Steady fore

Compor .4), are
subjectg

Complisg

4.2.3

Parts offl an/ENCLOSURE located in an OPERATOR ACCESS AREA, which are protected by|a cover
or door meeting the requirements of 4.2.4, are subjected to a steady force of SUN £ 3 N for a

period of 5s, applied by means of a straight unjointed version of the test finger, figure 2A
(see 2.1.1.1), to the part on or within the equipment.

Compliance criteria are in 4.2.1.
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4.2.4

Steady force test, 250 N

External ENCLOSURES are subjected to a steady force of 2560 N = 10 N for a period of 5s,
applied in turn to the top, bottom and sides of the ENCLOSURE fitted to the equipment, by
means of a suitable test tool providing contact over a circular plane surface 30 mm in
diameter. However, this test is not applied to the bottom of an ENCLOSURE of equipment
having a mass of more than 18 kg.

Compliance criteria are in 4.2.1.

4.2.5 Impact test

Except for equipment identified in 4.2.6, external surfaces of ENCLOSURES, the fqilure pf which
would gfve access to hazardous parts, are tested as follows.

A samp largest
unreinfd kKimately
50 mm om rest
through ces are
exempt

In addit apply a
horizon bnto the
sample. rotated
90° abo

The test is not applied to flat panel digplays-or toxthe en glass of equipment (for egxample,
copying|machines). %

Complignce criteria areN

Ste¥l ball

N

ball

tion

% impact
N position g g?
\\> /-{:“ /
‘ /3
s N
)
| A:
] -7 ‘&
735
Yl
e - -
D,
Test g Test Steel ball
sample 7 sample impact
position

%_ g o g /7// ///////R’/'/'d////é///{f//y/////
7 Rigid supporing surfece /R supporting surtece 7777

IEC 440/99

Figure 4A — Impact test using a steel ball
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4.2.6 Drop test
The following equipment is subjected to a drop test:

— HAND-HELD EQUIPMENT,
— DIRECT PLUG-IN EQUIPMENT,;
— TRANSPORTABLE EQUIPMENT,;

— desk-top equipment having a mass of 5 kg or less that is intended for use with any one of
the following:

* acord-connected telephone handset, or

1o

. o al sl ol (] . P 4 4
qlTotncTh CUTU=CUTITICULITU TIalTU=TICTU aLUlTooUTy WILIT dllT dUUUSUL TUTIL,

TO1T,

* g headset.

A sample of the complete equipment is subjected to three impa
dropped onto a horizontal surface in positions likely to produce

The height of the drop shall be:

— 750|mm £ 10 mm for desk-top equipment as described

- 1040 mm + 10 mm for
TRANSPORTABLE EQUIPMENT.

T and

The honizontal surface consists of harqwoo byers of
plywood each 19 mm to 20 mm thick, a g ) resilient
floor.
Complig
4.2.7
ENCLOS hat any
by the
result in the exposure of hazardous parts qr in the

EARANCES below the minimum required.

e test procedure described below or by the inspectioh of the

of the complete equipment, or of the complete ENCLOSURE together with
vork, is placed in a circulating air oven (according to IEC 60216-4-1) at a
maximum temperature observed on the ENCLOSURE during
0—C,for a period O oI permitted—to coot to room

the test of 475:
temperature.

With the concurrence of the manufacturer, it is permitted to increase the above time duration.

For large equipment where it is impractical to condition a complete ENCLOSURE, it is permitted
to use a portion of the ENCLOSURE representative of the complete assembly with regard to
thickness and shape, including any mechanical support members.

NOTE Relative humidity need not be maintained at a specific value during this test.

If the above test is conducted, the compliance criteria of 4.2.1 apply.
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4.2.8 Cathode ray tubes

If a cathode ray tube having a maximum face dimension exceeding 160 mm is included in
the equipment, the cathode ray tube or the equipment, or both, shall comply with the
requirements of IEC 60065 for mechanical strength and protection against the effects of
implosion.

As an alternative, a cathode ray tube complying with IEC 61965 is permitted.

Compliance is checked by inspection, by measurement and, if necessary, by the relevant
tests of IEC 60065.

4.2.9 High pressure lamps

The MEGHANICAL ENCLOSURE of a high pressure lamp shall have adg contain
an explpsion of the lamp so as to reduce the likelihood of harm person
near thg equipment during normal use or OPERATOR servicing.

For the|purpose of this standard, a "high pressure lamp<\means ressure
exceedg 0,2 MPa when cold or 0,4 MPa when operating

Complignce is checked by inspection.

4.2.10 | Wall or ceiling mounted eqiipmen

The mo ceiling mounting shall be adeqdate.
Complignce is checked by ? f i j r where
necessary, by the followin '

The equipment is.mo force in
addition| to the ] isNap entre of
the equljpment, fo NI addifionalNorce shall be equal to three times the weight of the
equipmd ns shall
remain

4.3 Desig

431

Where ¢dges<o s could be hazardous to OPERATORS because of location or application
in the equipment, they shall be rounded or smoothed.

This requirement does not apply to edges or corners that are required for proper functioning
of the equipment.

Compliance is checked by inspection.

4.3.2 Handles and manual controls

Handles, knobs, grips, levers and the like shall be reliably fixed so that they will not work
loose in normal use, if this might result in a hazard. Sealing compounds and the like, other
than self-hardening resins, shall not be used to prevent loosening.
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If handles, knobs and the like are used to indicate the position of switches or similar
components, it shall not be possible to fix them in a wrong position if this might result in a

hazard.

Compliance is checked by inspection, by manual test and by trying to remove the handle,
knob, grip or lever by applying for 1 min an axial force as follows.

If the shape of these parts is such that an axial pull is unlikely to be applied in normal use, the

force is:

— 15 N for the operating means of electrical components; and

— 20 N
If the sH

- 30N

H )
mrUtric’ vdost©o.

ape is such that an axial pull is likely to be applied, the force i&;

for the operating means of electrical components; and

— 50 N in other cases.

4.3.3 Adjustable controls

Equipm ol device, su
device e use of a
incorred

NOTE M

Complig

434 Securing of part

Screws,| nuts, washers shall be secured so as to w
mechanjcal stresses f loosening would create a hazar
CLEARANCES or CRE g E SUPPLEMENTARY INSULATION or REIN
INSULAT|ON woul g S thé values specified in 2.10.

NOTE 1
Complisg
For the
— itis

- it is
was

independent fixings will not become loose at the same time;

assumed parts fixed by means of screws or nuts provided with sel
hers,or other means of locking are not liable to become loose.

ch as a
ToOoL if

thstand
d, or if
FORCED

and
-locking

NOTE 2

4.3.5

Spring washers and the like can provide satisfactory locking.

Connection of plugs and sockets

Within a manufacturer’s unit or system, plugs and sockets likely to be used by the OPERATOR
or by a SERVICE PERSON shall not be employed in a manner likely to create a hazard due to
misconnection. In particular, connectors complying with IEC 60083 or IEC 60320 shall not be
used for SELV CIRCUITS or TNV CIRCUITS. Keying, location or, in the case of connectors
accessible only to a SERVICE PERSON, clear markings are permitted to meet the requirement.

Compliance is checked by inspection.
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4.3.6 Direct plug-in equipment

DIRECT PLUG-IN EQUIPMENT shall not impose undue stress on the socket-outlet. The mains plug
part shall comply with the standard for the relevant mains plug.

Compliance is checked by inspection and, if necessary, by the following test.

The equipment is inserted, as in normal use, into a fixed socket-outlet of a configuration as
intended by the manufacturer, which can be pivoted about a horizontal axis intersecting the
centre lines of the contacts at a distance of 8 mm behind the engagement face of the socket-
outlet. The additional torque which has to be applied to the socket-outlet to maintain
the engagement face in the vertical plane shall not exceed 0.25 N - m.

NOTE 1 [In Australia, compliance is checked in accordance with AS/NZS 3112.
NOTE 2 |In the United Kingdom:
— the tofque test is performed using a socket-outlet complying with BS 1363, with qn earthing ¢

— the pliig part of DIRECT PLUG-IN EQUIPMENT is assessed to BS 1363: Part ¢ 1, 12.12,
12.16fand 12.17, except that the test in 12.17 is carried out at not less,tha
4.3.7 Heating elements in earthed equipment

Heating|elements in equipment that is earthed for s so that,

under efrth fault conditions, a fire hazard due to ipment,
temperdture sensing devices, if provided, shal ying the
heating|elements.

The ten h of the
following cases.

a) In equipment supplied

b) In PUUGGABLE EQUIPME e plug.
c) In equipmen@pl

In caseg b) and c),itA T in one

conductlor and a THER
It is not
Complig

4.3.8

NOTE 1 |Regudirements for markings or instructions are given in 1.7.15.

Equipment containing batteries shall be designed to reduce the risk of fire, explosion and
chemical leaks under normal conditions and after a single fault in the equipment (see 1.4.14),
including a fault in circuitry within the equipment battery pack. For USER-replaceable batteries,
the design shall reduce the likelihood of reverse polarity installation if this would create a
hazard.

Battery circuits shall be designed so that:
— the output characteristics of a battery charging circuit are compatible with its rechargeable
battery; and

— for non-rechargeable batteries, discharging at a rate exceeding the battery manufacturer’s
recommendations, and unintentional charging, are prevented; and
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— for rechargeable batteries, charging and discharging at a rate exceeding the battery
manufacturer's recommendations, and reversed charging, are prevented.

NOTE 2 Reversed charging of a rechargeable battery occurs when the polarity of the charging circuit is reversed,
aiding the discharge of the battery.

Compliance is checked by inspection and by evaluation of the data provided by the equipment
manufacturer and battery manufacturer for charging and discharging rates.

When appropriate data is not available, compliance is checked by test. However, batteries
that are inherently safe for the conditions given are not tested under those conditions.
Consumer grade, non-rechargeable carbon-zinc or alkaline batteries are considered safe
under short-circuiting conditions and therefore are not tested for discharge; nor are such

b tt ri o ftoctad for Ianqalkanan yindar ctarana ~nnditinng
atterieg-tostod-fortoakage-vnderstorage-conditions-

A new |non-rechargeable battery or fully charged rechargeable bag ] with, or
recommended by the manufacturer for use with, the equipment shé 9 of the
following tests:

— for gvaluating the overcharging of a rechargeable batter) k { b period
of 7

LY such an
adjustment exists); followed by
* apy single component failure that is like d which
would result in overcharging of ¢
—  for ttery is
changed for 7 h with any single comps h would
resu
— for dvaluating the reveySe argl G ) for 7 h
withlany single comporen } cversed

changing of the batle

— for gvaluating an ex
discharge b
components inthe

NOTE 3
to protect|

to rapid
Llimiting

measures

These t
by cracking, rupturing or bursting of the battery jacket,| if such

affect required insulation; or

— emissian of flame or expulsion of molten metal to the outside of the equipment
ENCLOSURE:

After completion of the tests, the equipment is subjected to the electric strength tests
of 5.3.8.2.

4.3.9 Oil and grease
Where internal wiring, windings, commutators, slip-rings and the like, and insulation in

general, are exposed to oil, grease or similar substances, the insulation shall have adequate
properties to resist deterioration under these conditions.

Compliance is checked by inspection, and by evaluation of the data for the insulating material.
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4.3.10 Dust, powders, liquids and gases

Equipment producing dust (for example, paper dust) or using powders, liquids or gases shall
be so constructed that no dangerous concentration of these materials can exist and that no
hazard in the meaning of this standard is created by condensation, vaporization, leakage,
spillage or corrosion during normal operation, storage, filling or emptying. In particular,
CREEPAGE DISTANCES and CLEARANCES shall not be reduced below the requirements of 2.10.

Compliance is checked by inspection, measurement and, where spillage of liquid could affect
electrical insulation during replenishment, by the following test and, for flammable liquids, by
the tests of 4.3.12.

The equipment shall be ready to use according to its installation ipstructions, |but not

energized.

The liquid container of the equipment is completely filled with tf q UM ey’ by the
manufa é poured
in stead exiceeding
250 ml, ed from
outside, steadily
over a feriod of 1 min.

Immediately after this treatment, the equi ' test as
specifie f j on shall
show th

The equipment is permitted to stand [n n } e being

subjected to any further elestrical t
4.3.11 | Containers fd

Equipment that,
safeguards agai i

iquids or gases shall incorporate agequate

Complig | e 3 h € nd, if necessary, by an appropriate test.

4.3.12

If a flaf e \igiid_is used in equipment, the liquid shall be kept in a closed rgservoir,
except the am eeded for the functioning of the equipment. The maximum qupntity of

flammable liguithstored in an equipment shall in general be not more than 5 I. If, howgver, the
usage df liquid is such that more than 51 is consumed in 8 h, the quantity stored is pgrmitted
to be ingreased to that required for an 8 h operation.

Qil or equivalent liquids used for lubrication or in a hydraulic system shall have a flash point
of 149 °C or higher, and the reservoir shall be of sealed construction. The system shall have
provision for expansion of the liquid and shall incorporate means for pressure relief. This
requirement is not applicable to lubricating oils which are applied to points of friction in
quantities which would contribute negligible fuel to a fire.

Except under conditions given below, replenishable liquids such as printing inks shall have a
flash point of 60 °C or higher, and shall not be under sufficient pressure to cause atomization.
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Replenishable flammable liquids which have a flash point of less than 60 °C or which are
under sufficient pressure to cause atomization are permitted provided inspection shows that
there is no likelihood of liquid sprays or build-up of flammable vapour-air mixtures which could
cause explosion or fire hazard. Under normal operating conditions, equipment using a
flammable liquid shall not generate a mixture with a concentration exceeding one quarter of
the EXPLOSION LIMIT if the mixture is in proximity to an ignition source, or exceeding half the
EXPLOSION LIMIT if the mixture is not in proximity to an ignition source. The investigation shall
also take into account the integrity of the liquid handling system. The liquid handling system
shall be suitably housed or constructed so as to avoid the risk of fire or explosion, even under
the test conditions specified in 4.2.5.

Compliance is checked by inspection and, where necessary, by the following test.

The equipment is operated in accordance with 4.5.1 until its temperature In this
condition, the equipment is operated in a normal manner, as di berating
instructions, and samples of the atmosphere in the vicinity of the bhts and
around the equipment are taken to determine the concentratio 3 bresent.

during

Samplep of the atmosphere are taken at 4 min intervals
normal pperation, then seven samples after the equipme

If, after|the equipment has stopped, the conce
increasing, samples shall continue to k
shown tp be decreasing.

2min<i s, until the concentfation is

ation\o @m wable~vapours appeals to be

If an afnormal operation of the equipp
conditiol is simulated during this complian

e\with any of its fans not running, this

4.3.13 | Radiation
4.3.13.1 General

Equipment shall ns, and

damagel to materia

Complig 4.3.13.5

and 4.3

4.3.13.2

For eqdyi test in

annex H.

4.3.13.3 Effect of ultraviolet (UV) radiation on materials

The following requirements apply only to equipment containing lamps which produce
significant UV radiation, that is having emission predominantly in the spectrum 180 nm to
400 nm, as specified by the lamp manufacturer.

NOTE General-purpose incandescent and fluorescent lamps, with ordinary glass envelopes, are not considered to
emit significant UV radiation.

Non-metallic parts (for example, non-metallic ENCLOSURES and internal materials including
wire and cable insulation) that are exposed to UV radiation from a lamp in the equipment,
shall be sufficiently resistant to degradation to the extent that safety is not affected.
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Table 4A — Minimum property retention limits after UV exposure

Standard for Minimum retention
Parts to be tested Property the test method after test
. 1 o
Parts providing mechanical ansnle strength SO 527 70 %
support Flexural strength 1) 2) ISO 178 70 %
Charpy impact 3) 1SO 179 70%
Parts providing impact or
. 0,
resistance Izod impact 3) ISO 180 70 %
or
Tensile impact o) TSO 8256 ( 70 %
N

All partp Flammability classification | See 1.2.12 and annexf (\SN

1) Tengile strength and Flexural strength tests are to be conducted on specimehs no, thickerstQan\the 3ctual

thicknesses.

2) Thelside of the sample exposed to UV radiation is to be in contact wj ding poi hen| using

the three point loading method.

3) Tesfs conducted on 3,0 mm thick specimens for Izod impac and 4,0 mnj thick

spe icknesses, down to 0,8 thm.

4) The ecified in clause 4
Complig of available data regarging the
UV resi radiation in the equipment) If such
data is n the parts.

Samplep taken from t tical material, are prepared accdrding to

the star
After cq
crazing
not mor,

In order
conditio
The retd

dard for the t

nditioning\th
or crach :
b than 96 W] afte

no signs of significant deterioration,

psted according to the standard for the relev.

4.3.13.1 ure to ultraviolet (UV) radiation
The fol iréments apply only to equipment containing lamps which
significgnt<UV radiation, that is having emission predominantly in the spectrum 18

yr-are then conditioned according to gnnex Y.

such as

oom ambient conditions for not less than 16 h and

hnt test.

ition of properties after test, samples that have not been
Y are tested at the same time as the conditioned samples.

broduce
P nm to

400 nm

NOTE 1

as specified by the tamp manufacturer.

General purpose incandescent and fluorescent lamps, with ordinary glass envelopes, are not c

to emit significant UV radiation.

onsidered
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Equipment shall not emit excessive UV radiation.

UV radiation shall either:

— be adequately contained by the ENCLOSURE of the UV lamp or the ENCLOSURE of the
equipment; or

— not exceed the relevant limits given in IEC 60825-9.

During normal operation, the relevant limit is that for 8 h exposure.

Higher limits are permitted for limited periods of time for maintenance and cleaning
operatigrs—if-itis—reee orthe— N tamp-te—be—-onduring-these—operatiors—Fhejelevant
limits a tated in
the USE

All USEH srnissions
than tha

IlWA
— the 4
The ab SAFETY
INTERLO cover is
opened
If the U milar to
the abo
If highef emission$\t above are accessible in a SERVICE ACCESS AREA, and
it is neg¢essary i’ energized while being serviced, the eqguipment
shall belmarked wi

"WA : IANON EYE AND SKIN PROTECTION DURING SERVICING",
or equi

— the s

The marking'shall beNdcated where readily visible during the servicing operation (see also 1.7.14).

If the UV radiation symbol is used on the equipment, both the symbol and a warning similar to
the above marking shall appear together in the servicing instructions.

Compliance is checked by inspection, and if necessary by measurement.
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UV radiation is measured using a scanning spectrograph or a specific detector h
spectral response equal to the relative spectral effectiveness for the UV range.

The UV radiation exposure and effective irradiance during normal operation shall not
the limits given in IEC 60825-9 for an 8 h exposure.

aving a

exceed

The UV radiation exposure and effective irradiance during maintenance and cleaning
operations shall not exceed the limits in IEC 60825-9 corresponding to the exposure times
stated for these operations in the relevant instructions. The maximum permitted radiation is

that for 30 min exposure.

NOTE 2 The permitted radiation is increased as the exposure time is reduced.

All USER access doors and covers, and parts such as lenses, filters™g
openingl or removal could result in an increase in the UV radiation

removed during measurements, unless provided with a SAFE ]
disconngcts the power to the UV lamp, or any other mechanism whi

NOTE 3 |For guidance on measuring techniques, see CIE Publication 63

4.3.13.5 Lasers (including LEDs)

Except [as permitted below, equipment shall—be chlag and Mabelled accor
IEC 60825-1 and IEC 60825-2, as appli

Equipment which is inherently a Class | e equipment contains
or light pmitting diode (LED) of a highe is not required to have a laser
label or|other laser statement (see 1.1 of |

The dat n that these components comply

Accessipility Emissio 8 easured according to IEC 6082
the aboye exceptign tg apyl may_be obtained from the component manu
(see 1.4.15) an@\ ¢

applicatjon in the e

wavelerlgth range ¢

NOTE S e 3 Ds which will normally comply are those used as:
— indicali

— infra-rp

— infra-rp ice ata transmission such as are used between computers and computer peripheralq;

— optocquplers)and

— other gimjlar low powep/devices.

if their

ding to

ho laser
warning

with the
b-1, for
facturer
htended
in the

b £

facturer

C I"- H L 1) P~ N H ' . / £ ol ol 2
Ompl oS 1o CITCURNTU Uy TIToJCULIUIT, Uy ©TvVvarudirvulrl U a prouviucu vy urc rrrari

and, if necessary, by testing according to IEC 60825-1.

4.3.13.6 Other types

For other types of radiation, compliance is checked by inspection.
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4.4 Protection against hazardous moving parts
4.4.1 General
Hazardous moving parts of equipment, that is moving parts which have the potential to cause

injury, shall be so arranged, enclosed or guarded as to provide adequate protection against
the risk of personal injury.

AUTOMATIC RESET THERMAL CUT-OUTS or overcurrent protection devices, automatic timer
starting, etc., shall not be incorporated if unexpected resetting might create a hazard.

Compliance is checked by inspection and as detailed in 4.4.2, 4.4.3 and 4.4.4.

4.4.2 Protection in operator access areas

In an ORERATOR ACCESS AREA, protection shall be provided by a SUI kducing
the likelihood of access to hazardous moving parts, or by lg [ s in an
ENCLOSURE provided with mechanical or electrical SAFETY INTE L hazard
when agcess is gained.

Where if is not possible to comply fully with the abovg acces Qi llow the

— the hazardous moving part conc
mov|ng parts of a paper cutter); and

xample,

— the hazard associated with the part js-g
— addifi

i d

t

be fixed

- K

into the
part.

here relevant, the means provided for stopping the| moving
part sha e_P 2\ prominent position, readily visible and accessible from the point

Complignce\is checkéd by inspection and where necessary by a test with the test finger,
figure 2A\(see 2.1.1.1), after removal of OPERATOR-detachable parts, and with ORERATOR
access doors and covers open.

Unless additional measures have been taken as specified above, it shall not be possible to
touch hazardous moving parts with the test finger, applied without appreciable force in every
possible position.

Openings preventing the entry of the test finger, figure 2A (see 2.1.1.1), are further tested by
means of a straight unjointed version of the test finger applied with a force of 30 N. If the
unjointed finger enters, the test with the test finger, figure 2A (see 2.1.1.1), is repeated,
except that the finger is pushed through the opening using any necessary force up to 30 N.
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Protection in restricted access locations

For equipment to be installed in a RESTRICTED ACCESS LOCATION, the requirements and

complia

4.4.4

nce criteria in 4.4.2 for OPERATOR ACCESS AREAS apply.

Protection in service access areas

In a SERVICE ACCESS AREA, protection shall be provided such that unintentional contact with
hazardous moving parts is unlikely during servicing operations involving other parts of the
equipment.

Compliance is checked by inspection.

4.5 T
Subclay

— touc

- com
may|
expe

Considsg

hermal requirements

se 4.5 specifies requirements intended to prevent:

hable parts from exceeding certain temperatures; and

mechanjcal properties of certain insulati

by softd
materia

4.51

Materia

standardgl.

Compor

overhegti

Complig
recordin

Taking
operate

— ford

ners evaporating at tempera
s), see 2.9.1.

Maximum temperatures

ONTINUOUS OPERATION, until steady conditions are established; and

s which
ver the

cal and
xample,
b of the

cted so
of this

o avoid

ng and

— for INTERMITTENT OPERATION, until steady conditions are established, using the rated "ON"

and

"OFF" periods; and

— for SHORT-TIME OPERATION, for the RATED OPERATING TIME.

It is permitted to test components and other parts independently provided that the test

conditio

ns applicable to the equipment are followed.

Equipment intended for building-in or rack-mounting, or for incorporation in larger equipment,
is tested under the most adverse actual or simulated conditions permitted in the installation
instructions.
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The temperature of electrical insulation (other than that of windings, see 1.4.13), the failure of
which could create a hazard, is measured on the surface of the insulation at a point close to

the heat source, see item 1) of table 4B. During the test:

— THERMAL CUT-OUTS and overcurrent protection devices shall not operate;

— THERMOSTATS are permitted to operate, provided that they do not interrupt the normal

operation of the equipment;

— TEMPERATURE LIMITERS are permitted to operate;

— sealing compounds, if any, shall not flow out.

The temperature shall not exceed the values shown in table 4B, parts 1 and 2.

Table 4B — Temperature limits

The temperature marking

Part 1 <\
i T
part ¢ KW"& S (T L)

Insulftion, including winding insulation: JAN
— off Class A material 100 1. 2). 3)
— of|Class E material 15 1), 2), 3)
— of| Class B material 3 120 1). 2). 3)
— of| Class F material 140 1. 2), 3)
— of|Class H material 165 1), 2), 3)
Synthetic rubber or PVC insulation of interrfal and exterqa
wiring, including power supply cords:
— wjthout temperature magKin 75
— wlth temperature markin (_\

N

Othe

thermoplastic insNon (\ \\J

4)

Termjfnals, includifg earthing termihals fofexternalgarthing

condyictors of 4@; EQUIPKIENT \uRless prayvided with a

NON-PETACHABLE ROWER SUPPLY CORR 85
Partd in contact wi &a\flaMaar\liqwd See 4.3.12
Components \ \/ See 1.5.1

\
XV



https://iecnorm.com/api/?name=eb66d5dcf626986f57ea5da2f86c61bc

60950-1 © IEC:2001 - 279 -

Temperature limits

Part 2
Maximum temperature (T )
°C
Parts in OPERATOR ACCESS AREAS
Glass, porcelain Plastic
Metal and vitreous
- and rubber 3)
material
Handles, knobs, grips, etc., held or touched 60 70 85
for short periods only
Handles, knobs, grips, etc., continuously held in 55 65 75
normal use
Externalsurfaces of equipment which may be 70 80 95
touched p)
Parts inside the equipment which may be 70 S}E
touched p)
Table 4B (part 1 and part 2< \ \ \
1) If the temperature of a winding is determined by thermocoup se Léare redi€ed by 10 °C|} except
in thle case of
— @ motor, or
- winding with embedded thermocoupfes.
2) The|classification of insulating materials ( accordance with IEC 60085
3) For |each material, account shall be take that material to determine the apgdropriate
maxjmum temperature.
4) Duelto their wide variety, #\ i aximdm permitted temperatures for thermloplastic
materials. These shall pas ified i
5) For preas on the exte hich are
not
6) Temperatures@ iny
- nintentional eopta
— the part has
38N (60417-1-1
For eqdi berature
limits in vidently
designe hitted.

4.5.2 Resistance to abnormal heat

Thermoplastic parts on which parts at HAZARDOUS VOLTAGE are directly mounted shall be
resistant to abnormal heat.

Compliance is checked by subjecting the part to the ball pressure test according to
IEC 60695-10-2. The test is not made if it is clear from examination of the physical
characteristics of the material that it will meet the requirements of this test.

The test is made in a heating cabinet at a temperature of (T — Tamp + Tma + 15 °C) £2 °C
(see 1.4.12.1 for the significance of T, T, and T,,,). However, a thermoplastic part supporting
parts in a PRIMARY CIRCUIT is tested at a minimum of 125 °C.
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4.6 Openings in enclosures

For equipment that is intended to be used in more than one orientation (see 1.3
requirements of 4.6.1 and 4.6.2 apply in each appropriate orientation.

NOTE Additional requirements concerning openings in ENCLOSURES are in 2.1.1.

4.6.1 Top and side openings

.6), the

Openings in the top and sides of ENCLOSURES, except for ENCLOSURES of TRANSPORTABLE
EQUIPMENT (see 4.6.4), shall be so located or constructed that it is unlikely that objects will

enter the openings and create hazards by contacting bare conductive parts.

NOTE 1 |Hazards include energy hazards, and those created by bridging of insulation access to

parts at HAZARDOUS VOLTAGE (for example, via metal jewellery).

Openings, located behind doors, panels, covers, etc., that can be § by an

OPERATOR, are not required to comply provided that the equip
doors, ganels and covers closed or in place.

with the

Where B portion of the side of a FIRE ENCLOSURE f3 by the
5° anglg in figure 4E, the limitations in 4.6.2 on of FIRE
ENCLOSURES also apply to this portion of the side.

Complisg side of
a FIRE E any one
of the are not
exclude

- ope:[
- ope

— top
— side that are shaped to deflect outwards an pxternal
vert or examples);

— top | Qs figure 4D, that are not located vertically, or within a
volu k vertiCal projection up to the size of opening L, aboyve bare
cond S
e a
" an_engrgy hazard within the meaning of 2.1.1.5.

NOTE 2 amples of\figures 4B, 4C, 4D and 4E are not intended to be used as engineering drawings but are

only shown to jlfustrate thetntent of these requirements.
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Slanted openings Vertical openings
IEC 441/99

Figure 4B — Examples of cross-sections of designs
of openings preventing vertical access

Inside Outside Insi

Inward projections

IEC 442/99

amples of louvre design
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A
C
Outside
Inside
Outside
IEC 444/99
IEC 443/99
A ENC
B Vert es of the opening.
C Incliped lines oject afya 5° angle from the edges of the opening to points located E
distd
D Line|which is projected straight downward in the same plane as the ENCLOSURE side wall.
E Proj ction of the outer nrlgn of the r\pnning (R) and the inclined ling ((‘) (r\nf ta he grnnfnr
than L).

L  Maximum dimension of the ENCLOSURE opening.

V  Volume in which bare parts at HAZARDOUS VOLTAGE, or which are energy hazards (see 4.6.1),
are not located.

Figure 4D — Enclosure openings
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4.6.2 Bottoms of fire enclosures

The bottom of a FIRE ENCLOSURE, or individual barriers, shall provide protection under all
internal parts, including partially enclosed components or assemblies, which, under fault
conditions, could emit material likely to ignite the supporting surface.

NOTE See 4.7.2.2 for parts that do not require a FIRE ENCLOSURE.

The bottom or barrier shall be located as, and no smaller in area than, indicated in figure 4E
and be horizontal, lipped or otherwise shaped to provide equivalent protection.

An opening in the bottom shall be protected by a baffle, screen or other means so that molten

metal and-burning-material-are-unlikehyto fall outsidethe FIRE ENGLOSURE-

idh a FIRE
er those
through
d. If the
its own
ed is the
nent or

ertically
e lowest

on the
erimeter
5° angle
m the vertical at every point rgund the
erimeter of the openings in A and is orfjented to
trace out the largest area.

¢ outline B, this line projects at a

D Minimum outline of the bottom of fhe FIRE
ENCLOSURE. A portion of the side of a FIRE
ENCLOSURE which is within the area trhced out
by the 5° angle is also considered to bg part of
the bottom of the FIRE ENCLOSURE.

The req

— TRANSRORTABLE EQUIPMENT, which is covered by 4.6.4; or

— STATIONARY EQUIPMENT infended only for use in a RESTRICTED ACCESS LOCATION and to be
mounted on a concrete floor or other non-combustible surface. Such equipment shall be
marked as follows:

SUITABLE FOR MOUNTING ON CONCRETE
OR OTHER NON-COMBUSTIBLE SURFACE ONLY

Compliance is checked by inspection and, where necessary, by the test of clause A.3.
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The following constructions are considered to satisfy the requirement without test:

— no opening in the bottom of a FIRE ENCLOSURE;

— openings in the bottom of any size under an internal barrier, screen or the like, which itself
complies with the requirements for a FIRE ENCLOSURE (see also 4.2.1);

— openings in the bottom, each not larger than 40 mm2, under components and parts
meeting the requirements for FLAMMABILITY CLASS V-1, or FLAMMABILITY CLASS HF-1 or under
small components which pass the needle-flame test of IEC 60695-2-2 using a 30 s flame

application;

Not less
than 2X

fe———

IEC 1696/01

line in

n 2 mm

Applicable to other shaped opeInings
Minimum sszcing
Metal bottom of holes Maximum of openings
minimum thickness centre to centre area border to bofder
mm mm?2 mm
1,7 1,1 0,56
2,3 1,2 1,1
1,7 1,1 0,55
2,3 1,2 1,1
3,1 2,9 1,1
’271 ’770 17’)
2,7 2,1 1,1
3,1 3,1 1,2
2,7 2,1 1,1
3,0 3,2 1,0
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4.6.3 Doors or covers in fire enclosures

If part of a FIRE ENCLOSURE consists of a door or cover leading to an OPERATOR ACCESS AREA, it
shall comply with one of the following requirements:
— the door or cover shall be interlocked to comply with the requirements in 2.8;

— a door or cover, intended to be routinely opened by the OPERATOR, shall comply with both
of the following conditions:

» it shall not be removable from other parts of the FIRE ENCLOSURE by the OPERATOR; and
* it shall be provided with a means to keep it closed during normal operation;

— a door or cover_intended only for occasional use by the OPERATOR-—such as for the
instgllation of accessories, is permitted to be removable providedthat the eqhipment
instructions include directions for correct removal and reinstallatio r qover.

00

Complignce is checked by inspection.

4.6.4 Openings in transportable equipment

The risK of ignition caused by small metallic objects, s moving
around |nside TRANSPORTABLE EQUIPMENT during trangportatign easures
to minimize the likelihood of such objects ent 1 c ' g bare

- proy
—  prov i ninahopenings not greater than 2 mm between
centre lines and consi S wread wire sliameter of not less than 0,45 mm; or

— provlding internal bpa

Additiorjally, where.m i a_plastic barrier or ENCLOSURE are within 13 mm of
parts of circuit ila vér is greater than 15 VA, one of the fpllowing
requirements appli

— accH bject shall be limited in accordance with thg above
acce € hough the available power meets the limits of 2.5; or

— ther A éen the bare conductive parts and the ENCLOSURE; or

— faulf i 3 grried out to simulate bridging along a direct path between a bare
cong - e nearest metallized part of a barrier or ENCLOSURE that ifs within

13
NOTE Ekafmples of metallized plastic barriers or ENCLOSURES include those made of conductive ¢omposite
materials |or'that are electroplated, vacuum-deposited, painted or foil lined.

Compliance is checked by inspection and measurement and, where appropriate, by test. All
doors or covers are closed or in place and peripheral devices or assemblies, such as disk
drives, batteries, etc., are installed as intended during the inspection (see also 1.3.6).

If simulated fault testing is carried out, no ignition of the metallized barrier or ENCLOSURE shall
occur.
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4.6.5 Adhesives for constructional purposes

If a barrier or screen provided to comply with 4.6.1, 4.6.2 or 4.6.4 is secured with adhesive to
the inside of the ENCLOSURE or to other parts inside the ENCLOSURE, the adhesive shall have
adequate bonding properties throughout the life of the equipment.

Compliance is checked by examination of the construction and of the available data. If such
data is not available, compliance is checked by the following tests.

A sample of the equipment or a part of the ENCLOSURE with the barrier or screen attached is
evaluated with the sample placed with the barrier or screen on the underside.

Conditiqn the sample in an oven at one of the following temperatures far the time“durations

specifief:
100(°C £ 2 °C for one week; or

90|°C + 2 °C for three weeks; or
82|°C £ 2 °C for eight weeks.

Upon cqmpletion of the temperature conditioning:

Remove the sample from oven and leave it g
and |30 °C for 1 h.

Place the sample in a freezer at —408

co v@ien temperature betwegn 20 °C

Remove and allow the sample to cg nient temperature between 2Q °C and
30 °[C for 8 h.

Place the sample in acabj,

Remove the sample ] d 30 °C
for 1 h.
Plack the sa for 4 h.
Remove the sa °C and
30 °
The sar hrrier or
screen
With thé ve time

durations.

4.7 F‘iesistance to fire

This subclause specifies requirements intended to reduce the risk of ignition and the spread
of flame, both within the equipment and to the outside, by the appropriate use of materials
and components and by suitable construction.

NOTE 1 The risk of ignition is reduced by limiting the maximum temperature of components under normal
operating conditions and after a single fault (see 1.4.14), or by limiting the power available in a circuit.

NOTE 2 The spread of flame in the event of ignition is reduced by the use of flame retardant materials and
insulation, or by providing adequate separation.

NOTE 3 For a ranking of materials with respect to flammability, refer to the notes of 1.2.12.1.

Metals, ceramic materials and glass shall be considered to comply without test.
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Reducing the risk of ignition and spread of flame

For equipment or a portion of equipment, there are two alternative methods of providing
protection against ignition and spread of flame that could affect materials, wiring, wound
components and electronic components such as integrated circuits, transistors, thyristors,

diodes,

resistors and capacitors.

Method 1 — Selection and application of components, wiring and materials which reduce
the possibility of ignition and spread of flame and, where necessary, by the use of a FIRE
ENCLOSURE. The appropriate requirements are detailed in 4.7.2 and 4.7.3. In addition, the
simulated faults of 5.3.6 are applied, except for 5.3.6 c), when using this method.

NOTE 1

Method 1 may be preferred for equipment or that portion of equipment with a large number of

electrenie comporents:

Metjlod 2 — Application of all of the simulated fault tests in 5.3.6.
required for equipment or that portion of equipment for which ogn

part
CIRC

NOTH

elect

4.7.2

A FIRE
sufficien

4.7.2.1

Except
conside
— com

— com
speq

— com

cular, 5.3.6 c) applies, which includes testing all relevant c@
UITS and SECONDARY CIRCUITS.

onic components.

Conditions for a fire enclosure

where Method2 of 471 i s_ perpitted in 4.7.2.2, the follow

ponents in PRI

bonents imms
ified in @

pbonents in

but pot moun

— com

spegifi

netw
met;

— com
com

— insu

mutators N

ated wiring.

E ENCLQSUR

ENCLOSURE is required when temperatufes 2 ar fault conditions G
t for ignition.
Parts requiring a fire enclosure

¢circuit at HAZARDOUS VOLTAGE or at a HAZARDOUS ENERGY LEVEL;

E is not
Ised. In
RRIMARY

umber of

ould be

ing are

e limits

i in 2.5,

gulating

iteria are

dcts and

and
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4.7.2.2 Parts not requiring a fire enclosure
The following do not require a FIRE ENCLOSURE:

— motors;
— transformers;
— electromechanical components complying with 5.3.5;

— wiring and cables insulated with PVC, TFE, PTFE, FEP, neoprene or polyimide;

— plugs and connectors forming part of a power supply cord or INTERCONNECTING CABLE;

— components, including connectors, meeting the requirements of 4.7.3.2, which fill an

opemmgTma FIREENCTOSURE;

— connectors in SECONDARY CIRCUITS supplied by power sources

maxjmum of 15 VA (see 1.4.11) under normal operating conditiops

in thie equipment (see 1.4.14);
— connectors in SECONDARY CIRCUITS supplied by limited powe
— othefr components in SECONDARY CIRCUITS:

* dupplied by limited power sources complying
ALAMMABILITY CLASS V-1;

NOTE

=1

* gomplying with MefHod

— equipment, or a pagt of
has |to activate co

equipment or part.
Complignce with E ?
providedl by the pnia
determi S

4.7.3
4.7.3.1

ited to a
igple fault

ith 2.5;

imum of
t in the
5 if the
b HB40 if

CIRCUITS.

he USER
om the

ecked by inspection and by evaluation of the data
case where no data is provided, compliance is

ENCLOSWRES,.€0 onts and other parts shall be so constructed, or shall make use|of such

materials, that the prdpagation of fire is limited.

Materials of FLAMMABILITY CLASSES VTM-0, VTM-1 and VTM-2 are considered to be equivalent to
materials of FLAMMABILITY CLASSES V-0, V-1 and V-2, respectively, for their flammability
properties. Their electrical and mechanical properties are not necessarily equivalent.

Where material of FLAMMABILITY CLASS HB40, FLAMMABILITY CLASS HB75 Or FLAMMABILITY CLASS HBF,
is required, material passing the glow-wire test at 550 °C according to IEC 60695-2-11

is acceptable as an alternative.
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Where it is not practical to protect components against overheating under fault conditions, the
components shall be mounted on materials of FLAMMABILITY CLASS V-1. Additionally, such
components shall be separated from material of a class lower than FLAMMABILITY CLASS V-1
(see 1.2.12.1, note 2) by at least 13 mm of air, or by a solid barrier of material of FLAMMABILITY
CLASS V-1.

NOTE 1 See also 4.7.3.5.

NOTE 2 In Canada and the United States, requirements in addition to 4.7.3.2 and 4.7.3.3 apply to ENCLOSURES
and DECORATIVE PARTS having an external surface with an exposed area of greater than 0,9 m2 or a single
dimension greater than 1,8 m.

NOTE 3 In considering how to limit propagation of fire, and what are "small parts", account should be taken of the
cumulative effect of small parts when they are adjacent to each other, and also of the possible effect of
propagating fire from one part to another.

NOTE 4 |The material flammability requirements in 4.7.3 are summarized in table 4D.

Complignce is checked by inspection and by evaluation of relev data\ provi by the
manufagturer.

4.7.3.2 Materials for fire enclosures

The follpwing requirements apply as appropriate.

The 18 kg mass criterion applies to individual comlet i en if they are|used in
close proximity to each other (for exa ‘ . However, if a paft of the
FIRE ENCLOSURE is removed in such a
top equipment), the combined mass of't mass of
equipment, supplies, consumable matecial i cordmg materials usged with
the equipment shall not be taken into

For MOYABLE EQUIPMENT <havi i . i a FIRE
ENCLOSURE, in the thinpest signii i , | ASS V-1
or shall|pass the test o

TIONARY
$s used,

For MONVABLE EQ
EQUIPMHENT, the madte
shall be| of FLAMMA

Materia intended

to be m
— beo
— pasq

— complywith the flammability requirements of the relevant IEC component standard

NOTE Examples of these components are fusenolders, switches, pilot lights, connectors and appliance mlets.

Plastic materials of a FIRE ENCLOSURE shall be located more than 13 mm through air from
arcing parts such as unenclosed commutators and unenclosed switch contacts.

Plastic materials of a FIRE ENCLOSURE located less than 13 mm through air from non-arcing
parts which, under any condition of normal or abnormal operation, could attain a temperature
sufficient to ignite the material, shall be capable of passing the test of IEC 60695-2-20. The
average time to ignition of the samples shall be not less than 15 s. If a sample melts through
without igniting, the time at which this occurs is not considered to be the time to ignition.
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Compliance is checked by inspection of the equipment and material data sheets and, if
necessary, by the appropriate test or tests in annex A or IEC 60695-2-20.

4.7.3.3 Materials for components and other parts outside fire enclosures

Except as otherwise noted below, materials for components and other parts (including
MECHANICAL ENCLOSURES, ELECTRICAL ENCLOSURES and DECORATIVE PARTS), located outside
FIRE ENCLOSURES, shall be of FLAMMABILITY CLASS HB75 if the thinnest significant thickness of
this material is <3 mm, or FLAMMABILITY CLASS HB40 if the thinnest significant thickness of this
material is 23 mm, or FLAMMABILITY CLASS HBF.

NOTE Where a MECHANICAL or an ELECTRICAL ENCLOSURE also serves as a FIRE ENCLOSURE, the requirements for
FIRE ENCLPSURES—apPH-

Requirements for materials in air filters assemblies are in 4.7.3.5 a r terkals lin high-
voltage components in 4.7.3.6.

Connecijors shall comply with one of the following:

— be npade of material of FLAMMABILITY CLASS V-2; or
— pasq the tests of clause A.2; or

— comply with the flammability requirements of the(relg ent standard| or
— be mounted on material of FLAMMABILITY CLA 8 small size; or

— be Ipcated in a SECONDARY CIR i ource that is limited to a
maxjmum of 15 VA (see 1.4.11) e 3 ing_copditions and after a sinple fault
in thf equipment (see 1.4.14).

The re MABILITY
CLASS H y of the
following:

— elecfrical co
conditions wk

berating

ptally of
t gas;
ARDOUS

tandard

ckages,

ounted on material of EIl AMMARIITY CI ASS V-1 Qr

+ supplied from a power source of no more than 15 VA (see 1.4.11) under normal
operating conditions or after a single fault in the equipment (see 1.4.14) and mounted
on material of FLAMMABILITY CLASS HB75 if the thinnest significant thickness of this
material is <3 mm, or FLAMMABILITY CLASS HB40 if the thinnest significant thickness of
this material is 23 mm.
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— wiring, cables and connectors insulated with PVC, TFE, PTFE, FEP, neoprene or
polyimide;

— individual clamps (not including helical wraps or other continuous forms), lacing tape,
twine and cable ties used with wiring harnesses;

— gears, cams, belts, bearings and other small parts which would contribute negligible fuel
to a fire, including DECORATIVE PARTS, labels, mounting feet, key caps, knobs and the like;

— supplies, consumable materials, media and recording materials;
— parts which are required to have particular properties in order to perform intended
functions, such as rubber rollers for paper pick-up and delivery, and ink tubes.

Compliance is checked by inspection of the equipment and material data sheets and, if
necessgry, by the appropriate test or tests in annex A.

4.7.3.4 Materials for components and other parts inside fire eficlosures

Requirements for materials in air filters assemblies are in
materials in high-voltage components in 4.7.3.6.

fequirewients for

Inside F CAL and

ELECTRI of the

following:

— be o

— pasq

— mee S EC component standard which |ncludes
such

The abg

- elec berating
cong

— mat ptally of
met t gas;

— one on any
surface withina F ;7 including the surface of current-carrying parts, provided
that gin insulating material and the surface of application domplies

NOTE Whe e thin\i lating material referred to in the above exclusion is on the inner surface of the FIRE

— metgr cases (f otherwise determined to be suitable for mounting of parts at HAZARDOUS
AGE); meter faces and indicator lamps or their jewels;

— electronic components, such as integrated circuit packages, opto-coupler packages,
capacitors and other small parts that are mounted on material of FLAMMABILITY CLASS V-1;

— wiring, cables and connectors insulated with PVC, TFE, PTFE, FEP, neoprene or polyimide;
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— individual clamps (not including helical wraps or other continuous forms), lacing tape,

twine and cable ties used with wiring harnesses;

— the following parts, provided that they are separated from electrical parts (other than
insulated wires and cables) which under fault conditions are likely to produce a
temperature that could cause ignition, by at least 13 mm of air or by a solid barrier of

material of FLAMMABILITY CLASS V-1:

+ gears, cams, belts, bearings and other small parts which would contribute negligible

fuel to a fire, including, labels, mounting feet, key caps, knobs and the like;
* supplies, consumable materials, media and recording materials;

+ parts which are required to have particular properties in order to perform intended
functions, such as rubber rollers for paper pick-up and delivery, and ink tubes;

» tubing for air or any fluid systems, containers for powders or liquids and feaned plastic
parts, provided that they are of FLAMMABILITY CLASS HB75 if impest\significant
thickness of the material is <3 mm, or FLAMMABILITY CKAS i thinnest
S

Complignce is checked by inspection of the equipment g
necessgary, by the appropriate test or tests of annex A.

4.7.3.5 Materials for air filter assemblies

Air filtdr assemblies shall be constructed AMMABILITY CLASS

FLAMMABILITY CLASS HF-2.

and, if

V-2, or

This reg

— airfi 3 or not airtight, that are not intended
to b¢ vented outside t

— air fjlter assemblie insi oytside Ja FIRE ENCLOSURE, provided that the filter
mateLriaIs are separa L b € rom parts that could cause ignitign. This
screen may b - she requirements of 4.6.2 for the bottomg of FIRE
ENCUOSURES;

— air filter frame - aterials of FLAMMABILITY CLASS HB75 if the [hinnest
sign i aterial is <3 mm, or FLAMMABILITY CLASS HB40 if the fthinnest
signfi i aterial is 23 mm, or FLAMMABILITY CLASS HBF, provifled that
they gctrical parts (other than insulated wires and cableg) which

leas of\air or by a solid barrier of material of FLAMMABILITY CLASS V-1;
— airf gcated externally to the FIRE ENCLOSURE, constructed of mat
FLAM > HB75 if the thinnest significant thickness of this material is <

FLAMMABIEITY CLASS HB40 if the thinnest significant thickness of this material is >
FLAMMABILITY CLASS HBFE

rials of
mm, or
mm, or

Compliance is checked by inspection of the equipment and material data sheets
necessary, by the appropriate test or tests of annex A.

and, if
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4.7.3.6 Materials used in high-voltage components

High-voltage components operating at peak-to-peak voltages exceeding 4 kV shall either be
of FLAMMABILITY CLASS V-2, or FLAMMABILITY CLASS HF-2, or comply with 14.4 of IEC 60065 or
pass the needle flame test according to IEC 60695-2-2.

Compliance is checked by the inspection of the equipment and material data sheets and, if
necessary, by the test described in 14.4 of IEC 60065 or by the needle flame test according to
IEC 60695-2-2.

In addition, the following details apply, referring to clauses of IEC 60695-2-2:

Claluse 5 — Severities

The test flame is applied for 10 s. If a self-sustaining flame does nd{
test flame is applied again for 1 min at the same point or at anjy
sustainipg flame does not last longer than 30 s, the test flame
same point or at any other point.

é) s, the
i a self-

n at the

Clause 6 — Preconditioning

Except pred for
2hina

For high voltage transformers, a power .t at mains frequency) is| initially
supplied aintained for 2 min, after whjch it is
increasg 040 W

The trelatment lasts 8 mi i ated as)'soon as interruption of the winding or
appreci i tf i C

NOTE 1 |Certain tr 6 desighed\thakthis preconditioning cannot be carried out. In such fases the
oven predonditioning applie

For higl rmer, is
supplied
The inp A. This
current ircuit or
appreci
NOTE 2 annot be

obtained, |a preconditioning current is used, which represents the maximum attainable current, determined either by
the desighofiihe multiplier or by jts conditions of use in a particular apparatus

Clause 10 — Evaluation of test results
After the first application of the test flame, the test sample shall not be consumed completely.

After any application of the test flame, any self-sustaining flame shall extinguish within 30 s.
No burning of the tissue paper shall occur and the board shall not be scorched.
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Table 4D — Summary of material flammability requirements

Part

Requirement

FIRE ENCLOSURES MOVABLE EQUIPMENT > 18 kg and - 5VB
4.7.3.2 STATIONARY EQUIPMENT — Test A.1
— Hot wire test of IEC 60695-2-20
(If <13 mm of air from parts at high
temperatures which could cause
ignition)
MOVABLE EQUIPMENT < 18 kg - V-1
— TestA.2
Het-wire—test—H=6-6669542-20
(If <13 mm of air from parlts at high
temperatures which_¢ould cause
ignit}QQ
Parts which fill an opening
r
Components and parts, including MECHANICAL and & - 4 thicknesses > 3 hm
ELECTRICAL ENCLOSURES, outside FIRE ENCLOSURES
, h <
4.7.3.1anf 4.7.3.3 thisknesses < 3 m
low-wife test 550 °C
C>F oMNEC 60695-2-11
Onnectors and exceptiofs
see 4.7.3.3
Componefts and parts, including MECHANICAL an - V-2
ELECTRICAL ENCLOSURES, inside FIRE ENCLOSURES — HF-2
4.7.3.4
— TestA.2
W\ — Component standard
[\ \ For exceptions see 4.7.3.4
Air filter agsemblies - V-2
4.7.3.5 Q  HF.2
<\ — TestA.2
A For exceptions see 4.7.3.5
High volta - V-2
4.7.3.6 — HF-2

Test of IEC 60065, 14.4
Needle flame test of IEC 60695-2-2

ge@&on\ms \/
N
NN\ N
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5 Electrical requirements and simulated abnormal conditions

5.1 Touch current and protective conductor current

In this subclause measurements of current through networks simulating the impedance of the
human body are referred to as measurements of TOUCH CURRENT.

Except for application of 5.1.8.2, these requirements do not apply to equipment intended to be
supplied by only a DC MAINS SUPPLY.

51.1 General

Equipment shall be so designed and constructed that neither TOUCH cuU PRQTECTIVE
CONDUCIJTOR CURRENT is likely to create an electric shock hazard.

Complignce is checked by testing in accordance with 5.1.2 to 5.1.7Noclys¥ ( Zlevant,
5.1.8 (spe also 1.4.4).

Howevelr, if it is clear from a study of the circuit diagrams UNECTED
EQUIPMBNT or PLUGGABLE EQUIPMENT TYPE B, that has a PRQTE CONDUCT|OR, that
the ToU| ¢ URRENT
will not

5.1.2

System LY shall
have eg ent with
one cofmmon connection to the iece of
equipmént. See also 1.4.

NOTE Slystems of interconpectedN\equipmen

Equipment which/is_d Wwhich is
required at a ti cted.
Equipm b tested
with all

51.3

Equipm b t to be
connect tar’ TN or TT power distribution system) or figure 5B (for threp-phase
equipment to sbe~connected only to a star TN or TT power distribution system) of where
approprfate;,,another’test circuit from IEC 60990, figures 7, 9, 10, 12, 13 or 14.

The use of a test transformer for isolation is optional. For maximum protection, a test
transformer for isolation (T in figures 5A and 5B) is used and the main protective earthing
terminal of the EUT is earthed. Any capacitive leakage in the transformer shall then be taken
into account. As an alternative to earthing the EUT, the test transformer secondary and the
EUT are left floating (not earthed) in which case capacitive leakage in the transformer need
not be taken into account.
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If transformer T is not used, the equipment is mounted on an insulating stand, and appropriate
safety precautions are taken in view of the possibility of the BODY of the equipment being at a
HAZARDOUS VOLTAGE.

Equipment to be connected to an IT power distribution system is tested accordingly (see
figures 9, 10 and 12 of IEC 60990). Such equipment may also be connected to a TN or TT
power distribution system.

Single-phase equipment intended to be operated between two line conductors is tested using
a three-phase test circuit such as figure 5B.

.5), it is
OLTAGE

Ifitisin
permittdd to test the equipment at any available voltage within the tolerance of
or within the RATED VOLTAGE RANGE, and then calculate the results.

Point of connection

to AC MAINS SUPPLY
(Polarity)

: A AN
RN

TELECOMMUNJICATION
NETWORK copnection

' port (not cgnnected)
N /\N\
> (Polarity)

PE
T EUT

Dptional test s

ransformer

or isolation R E——

(Test switch)
EC 1697/01
NOTE Thi

est circuit for touch current of single-phase equipment
on a star TN or TT power supply system
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Point of connection
to AC MAINS SUPPLY

L1 ‘L1
. N

L2 p1 : L2 TELECOMMUNICATION

i (Polarity) ‘
~ . . NETWORK connection
‘ port (not connected)
- : /\( \ p2

L3 L3
s larjty)

PE e
T —
(Earthing

Optional test conductor)

transformer
for isolation

IEC 1698/01

NOTE T

5.1.4

Tests a r circuit

Termin

g Rreasuring instrument is connected to the earthed (neutral) conductor of the
supply '

Termingl A of’the suring instrument is connected as specified in 5.1.5.

QA
&d

For an accessible non-conductive part, the test is made to metal foil having dimensions of
10 cm x 20 cm in contact with the part. If the area of the foil is smaller than the surface under
test, the foil is moved so as to test all parts of the surface. Where adhesive metal foil is used,
the adhesive shall be conductive. Precautions are taken to prevent the metal foil from
affecting the heat dissipation of the equipment.

NOTE 1 The foil test simulates hand contact.

Accessible conductive parts that are incidentally connected to other parts are tested both as
connected and disconnected parts.

NOTE 2 Incidentally connected parts are described in more detail in IEC 60990, annex C.
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5.1.5 Test procedure

For equipment having a protective earthing connection or a FUNCTIONAL EARTHING con

nection,

terminal A of the measuring instrument is connected via measurement switch "s" to the

equipment earthing terminal of the EUT, with the earthing conductor switch "e" open.

The test is also carried out, on all equipment, with terminal A of the measuring

network

connected via measurement switch "s" to each unearthed or non-conductive accessible part

and each unearthed accessible circuit, in turn, with the earthing conductor switch "e" ¢

Additionally:

losed.

— for gingle-phase equipment, the tests are repeated in reverse polarity (switch "p1")}

— for three-phase equipment, the tests are repeated in reverse pol unless
the equipment is sensitive to phase sequence.

When testing three-phase equipment, any components es and

connecfed between line and earth are disconnected one at g ti roups of

components in parallel connected through a single single

componlents. Each time a line-to-earth component is di f switch

operatidns is repeated.

NOTE here filters are normally encapsulated, it may be pe or test or

to simulafe the filter network.

For eag uIT and

likely to

After ag that is

without

5.1.6

Either ment of

figure D trument

of figure

The D. t if the

wavefon

Alternatf trument

describd

If the voltage—Hr—fs—rreasuredusihgthe—meastrrg—iastrament—deseribed—r—-etauseD. 1, the

following calculation is used:

TOUCH CURRENT (A) = U>/ 500

NOTE Although r.m.s. values of TOUCH CURRENT have traditionally been measured, peak values provide better

correlation with the response of the human body to non-sinusoidal current waveforms.
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None of the values measured in accordance with 5.1.6 shall exceed the relevant limits in
table 5A, except as permitted in 5.1.7.

Table 5A — Maximum current

Terminal A of Maximum Maximum
Type of equipment measuring instrument TOUCH CURRENT PROTECTIVE CONDUCTOR
connected to: mA r.m.s.”) CURRENT
All equipment Accessible parts 0,25 -

and circuits not connected
to protective earth

-HELD.
HAND-H —
MOVABLE (other than 3,5 /\\ &
HAND-HHLD, but including
TRANSPQRTABLE EQUIPMENT)

STATIONRQRY,

PLUGGABLE TYPE A Equipment main protective

earthing terminal (\
All othef STATIONARY (if any) N
EQUIPMENT X
— not subject to the -
conditjons of 5.1.7

— subjegt to the conditions 5 % of input cyrrent
of 5.AJ7 /\( \ a

N
1) If pgak values of TOUCH CURRENT are measur e maximum values /are obtained by multiplyihg the
r.m.p. values in the table by 1,414.

5.1.7

For STA UIPMENT

TYPE B Fements

exceed

— the C rent per
line 3 \ csqonditions. If the load is unbalanced, the largest of the three
line ' DUCTOR
CUR PIQ measuring TOUCH CURRENT is used but the measuring
instru !

— the ss than
that path of
high

— one t to the
equipment AC MAINS SUPPLY connection:

WARNING WARNING
HIGH LEAKAGE CURRENT HIGH TOUCH CURRENT
EARTH CONNECTION ESSENTIAL EARTH CONNECTION ESSENTIAL
BEFORE CONNECTING SUPPLY BEFORE CONNECTING SUPPLY

NOTE Attention is drawn to IEC 60364-7-707.

Compliance is checked by inspection and measurement.
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5.1.8 Touch currents to telecommunication networks and cable distribution sy
and from telecommunication networks

stems

NOTE In this subclause, references to "TELECOMMUNICATION NETWORK connection ports" (or telecommunication
ports) are intended to cover those connection points to which a TELECOMMUNICATION NETWORK is intended to be
attached. Such references are not intended to include other data ports, such as those commonly identified as

serial, parallel, keyboard, game, joystick, etc.

5.1.8.1 Limitation of the touch current to a telecommunication network and a cable

distribution system

The TOUCH CURRENT from equipment supplied from the AC MAINS SUPPLY to a TELECOM-

MUNICATION NETWORK or a CABLE DISTRIBUTION SYSTEM shall be limited

Complignce is checked using the test circuit detailed in 5.1.3.

The tegts are not applied to equipment where the circuit to FL ECOM-
MUNICAT 9 parthing
terminal in the equipment; the TOUCH CURRENT from the 5 Tk IICATION

NETWORK or the CABLE DISTRIBUTION SYSTEM is considered tobe

For equipment having more than one circuit to be Cy VICATION
NETWORK or a CABLE DISTRIBUTION SYSTEM, the tes one example of each type
of circuit.

For eq minal, the earthing cqnductor

switch "e xal on the EUT, is left open. O

it is clog

Terming

supply.
to the TE

ent switch "s" and the polarity sw
DISTRIBUTION SYSTEM connection port.

For sing
and "p2|".

For thre

herwise

d to the earthed (neutral) conductor of the

tCh np2n

pes "p1”

After apj y ondition, the equipment is restored to its original operating sfate.

Test mpasure are made using one of the measuring instruments of ann

describgddn~5.1.6.

None of the values measured in accordance with 5.1.8.1 shall exceed 0,25 mA r.m.s.

bx D as
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5.1.8.2 Summation of touch currents from telecommunication networks

NOTE Annex W explains the background to 5.1.8.2.

An EUT that provides TELECOMMUNICATION NETWORK connection ports for connection of
multiple items of other telecommunication equipment, shall not create a hazard for USERS and
TELECOMMUNICATION NETWORK SERVICE PERSONS due to summation of TOUCH CURRENT.

In these requirements, abbreviations have the following meanings:

— |1 is the TOUCH CURRENT received from other equipment via a TELECOMMUNICATION
NETWORK at a telecommunication port of the EUT;

— Xl4|is the summation of TOUCH CURRENTS received from other egfi bll such

telegommunication ports of the EUT;
— Iy is|the TOUCH CURRENT due to the AC MAINS SUPPLY of the EUT

It shall pbe assumed that each telecommunication port receivg
equipment, unless the actual current from the other equipmehnd_i

The follpwing requirements, a) or b) as applicable, shall be
a) EUT|with earthed telecommunication ports

For an|EUT in which each teleco otective

earthing terminal of the EUT, the followirng ite

1) If X141 (not including /) exceeds(3,5

4 the equipment ghall have~pro is%r a permanent connection to protectiye earth
3 R EARTHINGNCONDUCTOR in the power supply|cord of

4 the installatic pecify the provision of a permanent conngction to
prote é -gectional area of not less than 2,5 nm2, if
mechanicg wise 4,0 mmZ2; and

connection, it is permitted to combine this label with the

WARNING

HIGH TOUCH CURRENT
EARTH CONNECTION ESSENTIAL
RE MAKING BEFORE MAKING
TELECOMMUNICATION NETWORK TELECOMMUNICATION NETWORK

CONNECTIONS CONNECTIONS

EA

2) X4 plus I shall comply with the limits in table 5A (see 5.1.6).

3) If relevant, such equipment shall comply with 5.1.7. The value of I, shall be used to
calculate the 5 % input current limit per phase specified in 5.1.7.

Compliance with item a) is checked by inspection and if necessary by test.

If the equipment has provision for a permanent protective earth connection in accordance
with item 1) above, it is not necessary to make any measurements, except that I, shall comply

with the relevant requirements of 5.1.
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TOUCH CURRENT tests, if necessary, are made using the relevant measuring instrument
described in annex D or any other instrument giving the same results. A capacitively coupled
a.c. source of the same line frequency and phase as the AC MAINS SUPPLY is applied to each
telecommunication port such that 0,25 mA, or the actual current from other equipment if
known to be lower, is available to flow into that telecommunication port. The current flowing in
the earthing conductor is then measured.

b) EUT whose telecommunication ports have no reference to protective earth

If the telecommunication ports on the EUT do not have a common connection, each
telecommunication port shall comply with 5.1.8.1.

If all telecommunication ports or any groups of such ports have a common connection, the

ot

Complignce with item b) is checked by inspection and if necessary by the\te .8.1 or, if
there ane common connection points, by the following test.

A capagitively coupled a.c. source of the same frequency and SUPPLY
is appligd to each telecommunication port such that 0,25 mé4 ~ nt from the
other equipment if known to be lower, is available to flo ] - y on port.
Commoh connection points are tested in accordance with ints are
accessible.

5.2 Electric strength

NOTE W pding to 5.2 is made in othgr parts of
this stan ith the equipment in a wgll-heated
condition

Where splecifi i i e t otding to 5.2.2 is made in other pafts of this
standard,|it is i i 2 b ad Without preheating according to 5.2.1.

5.2.1

The ele¢

Complis -heated
conditio|

If comg , they are
brought ple, by
placing ermitted
to cond| \TION or
REINFOR

5.2.2 Test procedure

The insulation is subjected either to a voltage of substantially sine-wave form having a
frequency of 50 Hz or 60 Hz, or to a DC VOLTAGE equal to the peak voltage of the prescribed
a.c. test voltage. Unless otherwise specified elsewhere in this standard, test voltages are as
specified in table 5B for the appropriate grade of INSULATION (FUNCTIONAL, BASIC,
SUPPLEMENTARY or REINFORCED) and the WORKING VOLTAGE (U), determined in 2.10.2, across
the insulation. DC values of WORKING VOLTAGE shall be used for DC VOLTAGES and peak values
for other voltages.
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The voltage applied to the insulation under test is gradually raised from zero to the prescribed
voltage and held at that value for 60 s.

NOTE 1 For ROUTINE TESTS specified elsewhere in this standard, it is permitted to reduce the duration of the
electric strength test to 1 s.

There shall be no insulation breakdown during the test.

Insulation breakdown is considered to have occurred when the current which flows as a result
of the application of the test voltage rapidly increases in an uncontrolled manner, that is the
insulation does not restrict the flow of the current. Corona discharge or a single momentary
flashover is not regarded as insulation breakdown.

Insulatiq e. This
procedd , where
there af tested
separatg 2 edges
of the in sulat/on Where adhesive metal foil is used, the adhesk

To avoid damage to components or insulation whic ; ] e test,
disconngction of integrated circuits or the like and the™: | 1 ing are
permittdd.

For equfpment incorporating both REIN ipn, care
is taken that the voltage applied to™ §s BASIC

INSULAT|ON or SUPPLEMENTARY INSULATIO

NOTE 2 |Where there are capacitors across$ the—nsulation test (for example, radio-frequgncy filter
capacitors), it is recommended that d.c. test vol agesed.
NOTE 3 |Components providing a dg. p i allely the insulation to be tested, such as dischargq resistors

for filter cppacitors and volt Niti jevices, shogld'be dis¢ohnected.

Where g varies along the length of the wirnding in
accordance wit test method is used that stresses the insulation
accordingly.

NOTE 4 ﬂfficiently
high to a n output
voltage e

No test |
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Table 5B — Test voltages for electric strength tests
Part 1

Points of application (as appropriate)

PRIM
2) Use
VOLT
3) Use

4) Use

5) Use
equi

AGES.

ARY CIRCUITS apply.

this column for a DC MAINS SUPPLY \up ta

this column for a QC MAIN

these co
pbment withi €

PRIMARY CIRCUIT to BODY SECONDARY CIRCUIT to BODY
PRIMARY CIRCUIT to SECONDARY CIRCUIT between independent
between parts in PRIMARY CIRCUITS SECONDARY CIRCUITS
WORKING VOLTAGE WORKING VOLTAGE
42,4V
184V < U 354V <U 1,41 kV < U 10 kV < U peak or
Gradeof | U184V casav | <qa1ky <10 kV <sokv | V=424V 1 sovdc.
Insulation pd - 2) peak or peak or peak‘or peak or 6(?‘ . 5 | < U<10kV
d.cC.Y/ d.cC. a.c.m”/ d.C. p,ak or
i.c.5)
Test voltage, volts r.m.s.”) @ m\l\w‘e’”
voltage, r.m.g
FUNCTIONAL 1000 1500 see V, see V, 1, 0 Q&Va
in table 5B, in table 5B, x )n tgble 5B,
part 2 part 2 N part|2
Basic, sUppLE- | 1000 1500 |seeV, see V, 1,N Wst seelV,
MENTARY] in table 5B, in table/5B, in tgble 5B,
part 2 part 2 /N part|2
REINFOREED 2 000 3000 |3 000 eV~ 20 Notest |see|V,
table 5B 6 in tgble 5B,
part part|2
1) For VORKING VOLTAGES exceeding 10 kV peak or SEC NDAMUWS, the same test voltagds as for

4 V d.c. and subject to MAINS TRIANSIENT

this column for a DC MAINS S .C. 0 MAINS
TRANSIENT VOLTAGES.

bd from
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Part 2
U V. Vy U V. Vy U V. Vp
peak peak peak
or d.c. r.m.s r.m.s. ord.c. r.m.s r.m.s ord.c r.m.s r.m.s
34 250 3 257
35 260 3 320
36 270 3 444
38 280 3 566
40 290 3 685
42 300 3 803
44 310 3920
46 320 4 034
48 330 4147
50 340 4 259
52 350 4 369
54 360 4478
56 380 4 586
58 400 4 693
60 420 4798
62 440 4 902
64 460 5 006
66 480 5108
68 500 5209
70 520 5 309
72 540 5507
74 560 5702
76 58 5894
78 588 6 082
80 600 6 268
85 620 6 452
90 640 6 633
95 660 6 811
100 6 6 987
105 700 7 162
110 7 334
115 40 7 504
120 7 7 673
125 780 7 840
130 0 8 005
135 8 168
140 90 8 330
145 9 8 491
150 00 8 650
152 1 050 8 807
1) 155 1100 8 964
1) 160 1150 9119
1) 165 1200 9273
1) 170 1250 9425
1) 175 1 1711 1 300 9 577
1) 180 1,000 1733 1 350 9727
1) 184 1000 1751 1400 9 876
185 1097 1755 1410 10 024
190 1111 1777 1450 10 171
200 1137 1820 1 500 10 317
210 1163 1861 1 550 10 463
220 1189 1902 1600 10 607
230 1214 1942 1650
240 1238 1980 1700

1)

2)

At these voltages, the values of V,, are determined by the general curve V,, = 155,86 U0.4638 and are not 1,6 V.

Linear interpolation is permitted between adjacent points in the table.
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5.3 Abnormal operating and fault conditions
5.3.1 Protection against overload and abnormal operation

Equipment shall be so designed that the risk of fire or electric shock due to mechanical or
electrical overload or failure, or due to abnormal operation or careless use, is limited as far as
practicable.

After abnormal operation or a single fault (see 1.4.14), the equipment shall remain safe for an
OPERATOR in the meaning of this standard, but it is not required that the equipment should still
be in full working order. It is permitted to use fusible links, THERMAL CUT-OUTS, overcurrent
protection devices and the like to provide adequate protection.

Complignce is checked by inspection and by the tests of 5.3. Before th f each Jest, it is

checked that the equipment is operating normally.

If a component or subassembly is so enclosed that short-gircuit | btion as
specifief in 5.3 is not practicable or is difficult to perform wjthout da 2391 inment, it
is permlitted to make the tests on sample parts provided 2 5. If this
is not dossible or not practical, the component or subs ass the
tests.

Equipmegnt | ] jti xpected in normal yse and
foreseeable misuse.

In addit
in place)

ive covering is tested with the ¢overing
jons are established.

5.3.2 Motors
Under gverload, locked rs E conditions, motors shall not cause 4 hazard
due to excessive{S S
NOTE Methods of ackieyinsg
— the us P

imped

external

— theuseins N f i i imi ch do not

— the ude of a«<sSeaaqsi jrcui i i i ici i p prevent

5.3.3 Transformers
Transformers shall be protected against overload, for example, by:

— overcurrent protection;
— internal THERMAL CUT-OUTS;

— use of current limiting transformers.

Compliance is checked by the applicable tests of clause C.1.
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Functional insulation

For FUNCTIONAL INSULATION, CLEARANCES and CREEPAGE DISTANCES shall satisfy one of the
following requirements a), b) or c).

For insulation between a SECONDARY CIRCUIT and an inaccessible conductive part that is
earthed for functional reasons, CLEARANCES and CREEPAGE DISTANCES shall satisfy a), b) or c).

a) They meet the CLEARANCE and CREEPAGE DISTANCE requirements for FUN
INSULATION in 2.10.

b) They withstand the electric strength tests for FUNCTIONAL INSULATION in 5.2.2.

C) The dal'c thlt‘bilbuitUd vvhclc d ahuﬁ. b;lbu;t quId CaduscT.
1) qverheating of any material creating a risk of fire, unless the terial th@at g
gqverheated is of FLAMMABILITY CLASS V-1; or
2) thermal damage to BASIC INSULATION, SUPPLEMENTARY._ | TIQN I
INSULATION, thereby creating a risk of electric shock.
Complignce criteria for 5.3.4 c) are in 5.3.8.
5.3.5 Electromechanical components

Where |r hazard is likely to occur, electromeg

checked

— mechanical movement shall be locke

com

— in th
simu

The dur

— for e
long
to ot

— for ¢
failu
simu

For compli

5.3.6

For con

for compliance with 5.3.1 by applying

j ga vergized intermittently, a fault
e continyous energizing of the component.

CTIONAL

ould be

%ORCED

ors are

hile the

shall be

TOR: as
cuit due
d

ue to a
of the

ponents and circuits other than those covered by 5.3.2, 5.3.3 and 5.3.5, comp

iance is

checked by simulating single fault conditions (see 1.4.14).

The following faults are simulated.

a) Short circuit or disconnection of any components in PRIMARY CIRCUITS.

b) Short circuit or disconnection of any components where failure could adversely affect
SUPPLEMENTARY INSULATION Or REINFORCED INSULATION.
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c) Short circuit, disconnection or overloading of all relevant components and parts unless
they comply with the requirements of 4.7.3.

NOTE 1 An overload condition is any condition between NORMAL LOAD and maximum current condition up to short

circuit.

d) Faults arising from connection of the most unfavourable load impedance to terminals and
connectors that deliver power or signal outputs from the equipment, other than mains
power outlets.

Where there are multiple outlets having the same internal circuitry, the test is only made on
one sample outlet.

For components in PRIMARY CIRCUITS associated with the mains input, such as the supply
cord, appliance couplers, EMC filtering components, switches and their itercohnecting
wiring, fo fault is simulated, provided that the component complies wit

NOTE 2 |Such components are still subject to other requirements of this stand
1.5.1,2.1p.5, 4.7.3 and 5.2.2.

Nincluding

In addit ipplying
the com shall be
taken d require

replacement.

5.3.7 Unattended equipment

Equipm FRS and
THERMA pcted in
parallel

THERMOPBTATS, sed  for

compliaphce with the require

Equipment is operate
limit the tempeé}::ﬁ 1
THERMOBTAT, TEM

If interrliption of the su
conditiojns arg establisheé

prves to
an one
a time.

occur, the equipment is switched off as soon a$ steady
is permitted to cool down to approximately room tempetature.

For equ it Xatedlfor only SHORT-TIME OPERATION, the duration of the test is equgl to the
RATED O

For eqtﬂpment rated for SHORT-TIME OPERATION or INTERMITTENT OPERATION, the| test is
repeatefd until steady-state conditions are reached, irrespective of the RATED OPERATING TIME.
For this test the THERMOSTATS, TEMPERATURE LIMITERS and THERMAL CUT-OUTS are not short-
circuited.

If in any test a MANUAL-RESET THERMAL CUT-OUT operates, or if the current is otherwise
interrupted before steady conditions are reached, the heating period is taken to have ended;
but if the interruption is due to the rupture of an intentionally weak part, the test is repeated
on a second sample. Both samples shall comply with the conditions specified in 5.3.8.
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Compliance criteria for abnormal operating and fault conditions

During the tests

During the tests of 5.3.4 c), 5.3.5, 5.3.6, 5.3.7 and clause C.1:

— if a fire occurs it shall not propagate beyond the equipment; and

— the equipment shall not emit molten metal; and

— ENCLOSURES shall not deform in such a way as to cause non-compliance with 2.1.1, 2.6.1,
2.10.3 and 4.4.1.

Moreover, during the tests of 5.3.6 ¢), unless otherwise specified the temperatures of

insulatin
165 °C

LEVELS

temperg

5.3.8.2
After th

according to 5.2.2 is made on:

— REIN
— BAS
— BAS

if any o

— the
or
— the

- the

becoming accessible, a maximum temperature of
tures are permitted for insulation made of glass or ¢

After the tests
e tests of 5.3.4¢c), 5.3.5, 5.3.6 and 5.3.7

FORCED INSULATION; and
C INSULATION Or SUPPLEMENTARY 4K
C INSULATION between the PRIM,

the following app
CLEARANCE or

nsu/atio:@

nsulation

Class A,
erials.

PENERGY
Higher

gth test

and

in 2.10;
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6 Connection to telecommunication networks

If the equipment is to be connected to a TELECOMMUNICATION NETWORK, the requirements of
clause 6 apply in addition to the requirements of clauses 1 to 5 in this standard.

NOTE 1 It is assumed that adequate measures according to ITU-T Recommendation K.11 have been taken to
reduce the likelihood that the overvoltages presented to the equipment exceed 1,5 kV peak. In installations where
overvoltages presented to the equipment may exceed 1,5 kV peak, additional measures such as surge suppression
may be necessary.

NOTE 2 Legal requirements may exist regarding the connection of information technology equipment to a
TELECOMMUNICATION NETWORK operated by a public network operator.

NOTE 3 The requirements of 2.3.2, 6.1.2 and 6.2 can apply to the same physical insulation or CLEARANCE.

NOTE 4 |The AC MAINS SUPPLY system, if used as a communication transmissjon m
TELECOMMUNICATION NETWORK (see 1.2.13.8), and clause 6 does not apply. The other ¢
apply to dqoupling components, such as signal transformers, connected between the
requiremgnts for DOUBLE INSULATION or REINFORCED INSULATION will generally ap
overvoltages to be expected at various points in the AC MAINS SUPPLY system.

iumy lf not a
iS standard will
rdui

6.1 rotection of telecommunication network service per

o
o
-
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o
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o
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6.1.1 Protection from hazardous voltages

Circuitry intended to be directly connected to ; comply
with the|lrequirements for an SELV CIRCUYI

Where protection of the TELECOMMUNICATIONWET ; g of the
equipment, the installation instructions bgrity of
protectiye earthing shall be ensured (s

Complig

6.1.2

6.1.2.1

Except hall be insulation between circuitry intended to be
connec TWORK and any parts or circuitry that will be egrthed in
some applicat i - \the EUT or via other equipment.

Surge JupPp idg€ the insulation shall have a minimum d.c. sparkover|voltage
of 1,6 tifne AGE or 1,6 times the upper voltage of the RATED VOLTAGE RANGE of
the equ 3

Complign€e jis checked by inspection and by the following tests.

NOTE In Finland, Norway and Sweden, there are additional requirements for the insulation.

Insulation is subjected to an electric strength test according to 5.2.2. The a.c. test voltage is
as follows:

— for equipment intended to be installed in an area where the nominal
AC MAINS SUPPLY voltage exceeds 130 V: 1,5 kV

— for all other equipment: 1,0 kV

The test voltages apply whether or not the equipment is powered from the AC MAINS SUPPLY.
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Components bridging the insulation that are left in place during electric strength testing shall
not be damaged. There shall be no breakdown of insulation during electric strength testing.

It is permitted to remove components that bridge the insulation, other than capacitors, during
electric strength testing. If this option is chosen, an additional test with a test circuit according
to figure 6A is performed with all components in place. The test is performed with a voltage
equal to the RATED VOLTAGE of the equipment or to the upper voltage of the RATED VOLTAGE
RANGE. The current flowing in the test circuit of figure 6A shall not exceed 10 mA.

Components bridging
the insulation, for example,
surge suppressors

on for
UNICATION

AC MAIN:

SUPPLY N
(not compnected) —_— ) /\Q
w confected)

Conne%tion for I R

Insulation

Connectipn for
protective earth

or parts gr circuitry ]
to be corlnected to
protective earth

7

Rated voltage

()
NI

IEQ] 448/99

unication network and earth

e installed by a SERVICE PERSON and has ins’ltallation
equipment to be connected to a socket-outlet with a protective

s provision for a permanently connected PROTECTIVE EARTHING
CONpUC d 1S ided with instructions for the installation of that conductor.

Finland, and Sweden, the exclusions are applicable only for PERMANENTLY CPNNECTED
,PLUGGABLE BEQUIPMENT TYPE B and equipment intended to be used in a RESTRICTED ACCESS|LOCATION
where equipotential bonding has been applied, for example, in a telecommunication centre, and which has
provision for a permanently connected PROTECTIVE EARTHING CONDUCTOR and is provided with instructions for the
installation of that conductor by a SERVICE PERSON.

6.2 Protection of equipment users from overvoltages on telecommunication networks
6.2.1 Separation requirements

Equipment shall provide adequate electrical separation between a TNV-1 CIRCUIT or a TNV-3
CIRCUIT and the following parts of the equipment.

a) Unearthed conductive parts and non-conductive parts of the equipment expected to be
held or touched during normal use (for example, a telephone handset or a keyboard).
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b) Parts and circuitry that can be touched by the test finger, figure 2A (see 2.1.1.1), except
contacts of connectors that cannot be touched by the test probe, figure 2C (see 2.1.1.1).

c) An SELV CIRCUIT, a TNV-2 CIRCUIT or a LIMITED CURRENT CIRCUIT provided for connection of
other equipment. The requirement for separation applies whether or not this circuit is
accessible.

These requirements do not apply where circuit analysis and equipment investigation indicate
that safety is assured by other means, for example, between two circuits each of which has a
permanent connection to protective earth.

Compliance is checked by inspection and by the tests of 6.2.2. The requirements of 2.10
regarding the dimensions and construction of CLEARANCE, CREEPAGE DISTANCE and solid
insulati¢n do not apply for compliance with 6.2.7.

NOTE The requirements of 2.10 may apply for compliance with 2.2 and 2.3. See itenfs 5) an of takle[2G.

6.2.2 Electric strength test procedure

Complignce with 6.2.1 is checked by the test of either 6.2.

NOTE Ir] Australia, the tests of both 6.2.2.1 and 6.2.2.2 apply.

If a test is applied to a component (see 1.4.3), for ex@ 2 sign which is
clearly Intended to provide the separation requi ssed by
other cqmponents, mounting devices Or Wjrin , 50 meet
the separation requirements of 6.2.

For the|tests, all conductors intended| to ETWORK
are conhected together [ by the
TELECONMMUNICATION NETW ductors
intendedl to be connecgfed o o ; lated to
6.2.1c¢c)

Non-conductive a
metal fdil is used, thg av

dhesive
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Connection for
AC MAINS SUPPLY
(not connected)

L Connection for
™~ N | ; TELECOMMUNICATION
NETWORK
EUT (not connected)

PE

=z

* Typical for
hand-held parts

/

Linked for
c) only

IEC 1699/01

6.2.2.1 Impulse tes

The elegtrical se
test generator of an

impulse
mpulses

2,5 kV; and
1,5 kV.

— for 4.
— for 4.

NOTE 1 for 6.2.1 a) has been chosen primarily to ensure the adequacy of the [insulation
concerned and.it"doe )ecessarily simulate likely overvoltages.

NOTE 2 |In¢Australia, a value of U, = 7,0 kV is used in 6.2.1 a).

6.2.2.2 Steady-state test

The electrical separation is subjected to an electric strength test according to 5.2.2.

The a.c. test voltage is:

— for6.2.1a): 1,5 kV; and
— for6.2.1b) and 6.2.1 ¢): 1,0 kV.

NOTE In Australia, a value of 3,0 kV is used in 6.2.1 a) for hand-held telephones and headsets and 2,5 kV for
other equipment, to simulate lightning surges on typical rural and semi rural network lines. A value of 1,5kV is
used in 6.2.1 b) and c).
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For 6.2.1b) and 6.2.1 c), it is permitted to remove surge suppressors, provided that such
devices pass the impulse test of 6.2.2.1 for 6.2.1 b) and 6.2.1 c) when tested as components
outside the equipment. For 6.2.1 a), surge suppressors shall not be removed.

6.2.2.3 Compliance criteria

During the tests of 6.2.2.1 and 6.2.2.2, there shall be no breakdown of insulation.

Insulation breakdown is considered to have occurred when the current which flows as a result
of the application of the test voltage rapidly increases in an uncontrolled manner, that is the
insulation does not restrict the flow of current.

If a sur§e suppressor operates (or sparkover occurs within a gas disc
test:

ring the

— for §.2.1 a), such operation represents a failure; and

— for g.2.

— for .2. y surge
Supf

For imp

— duripg the application of the impulse 2k j S . pressor
opef { am.

- afte pf surge
supf bltage is

500 lgss than

the >urge suppressor not be
less|than 2 MQ.
NOTE A]description of procequres\o jude ‘ € i i ation has
occurred,|using oscillogramp give
6.3 Protection if e tete
Equipment intended \to\proW icati iri remote
equipmtn i to the
telecom itlon. The
maximu suitable
for the current

limit is 1

NOTE 1
function.

The evercurreni/protective device may be a discrete device such as a fuse, or a circuit that performs that

NOTE 2 The minimum wire diameter normally used in telecommunication wiring is 0,4 mm, for which the
maximum continuous current for a multipair cable is 1,3 A. This wiring is not usually controlled by the equipment
installation instructions, since the wiring is often installed independent of the equipment installation.

NOTE 3 Further current limitation may be necessary for equipment intended for connection to networks which are
subject to overvoltages, due to operating parameters for protective devices.

Compliance is checked as follows.

If current limiting is due to the inherent impedance of the power source, the output current into
any resistive load, including a short circuit, is measured. The current limit shall not be
exceeded after 60 s of test.
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If current limiting is provided by an overcurrent protective device having a specified
time/current characteristic:

— the time/current characteristic shall show that a current equal to 110 % of the current limit
will be interrupted within 60 min; and

NOTE 4 Time/current characteristics of type gD and type gN fuses specified in IEC 60269-2-1 comply with the

above limit. Type gD or type gN fuses rated 1 A, would meet the 1,3 A current limit.

— the output current into any resistive load, including a short circuit, with the overcurrent
protective device bypassed, measured after 60 s of test, shall not exceed 1 000/U, where
U is the output voltage measured in accordance with 1.4.5 with all load circuits
disconnected.

If currept Timiting is provided by an overcurrent protective device that does not|have a

specifiefd time/current characteristic:

— the putput current into any resistive load, including a short ci

ged the
current limit after 60 s of test; and

— the putput current into any resistive load, including a sho L] rcurrent
protective device bypassed, measured after 60 s of tegt, s , where
U is| the output voltage measured in accordanc circuits

discpnnected.

&
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7 Connection to cable distribution systems

If the equipment is to be connected to a CABLE DISTRIBUTION SYSTEM, the requirements of
clause 7 apply in addition to the requirements of clauses 1 to 5 of this standard.

NOTE 1

It is assumed that adequate measures have been taken to reduce the likelihood that

overvoltages presented to the equipment exceed the following values:

— 5 kV to power fed repeaters, see ITU-T Recommendation K.17;

— 4 kV to other equipment, see ITU-T Recommendation K.21;

- 10kV

for equipment to be connected only to an outdoor antenna.

transient

In installations where overvoltages presented to the equipment may exceed these values, additional measures

such as sfirge suppression may be necessary.
NOTE 2 |Legal requirements may exist regarding the connection of information tech b a CABLE
DISTRIBUTJON SYSTEM operated by a public network operator.
NOTE 3 |The AC MAINS SUPPLY system, if used as a communication medium, is >| SYSTEM
(see 1.2.13.14) and clause 7 does not apply. For equipment to be connected lauses of
this stang i between
the maing generally
apply. Sep tem.
NOTE 4 irements of
ITU-T Re
71 P r

e "T]nent
Circuitry i ply with

the reqlulrements for a TNV-1 CIRCUIT, a TNV- 3 ONDARY
CIRCUIT,

Where EM relies on protective earthing of the
equipment, the instala iQ i Her relevant literature shall state fhat the
integrity ~ ed. (See also 1.7.2.)

Complig o’by measurement

NOTE F see 6.1.2.1, note and 6.1.2.2 note. [The term
TELECOM is replaced by CABLE DISTRIBUTION SYSTEM

7.2 Pp oment users from overvoltages on the cable distribution[system
The req g tests of 6.2 apply except that the term "TELECOMMUNICATION NETWORK"
is repla P DISTRIBUTION SYSTEM" throughout 6.2. When applying 6.2 tp CABLE
DISTRIBUYTION SYSTEMS, the separation requirements apply only to those circuit parts that are
direc“y connected to the inner conductor (nr r\nnrhmfnrc) of the coaxial cable;the separation

requirements do not apply to those circuit parts that are directly connected to the outer screen
or screens.
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7.3 Insulation between primary circuits and cable distribution systems
7.31 General

Except as specified below, the insulation between the PRIMARY CIRCUIT and the terminal or
lead provided for the connection of a CABLE DISTRIBUTION SYSTEM shall comply with:

— the voltage surge test of 7.3.2 for equipment intended to be connected to outdoor
antennas; or

— the impulse test of 7.3.3 for equipment intended to be connected to other CABLE
DISTRIBUTION SYSTEMS.

: — Hh P Y b 4 [ 4ol n | 4l
If an e UTpITieTit 15 1eriucu TUT CUTITITSULUTT TU - DU all OUutuuour  dittcrifid/ drl anmotmgr CABLE

DISTRIBUYTION SYSTEM, it shall be tested according to both 7.3.2 and 7.3.3-

The abdve requirement does not apply to any of the following:

— equipment intended for indoor use only, provided with a b and not

provided with a connection to a CABLE DISTRIBUTION SYSTE®

— PERNANENTLY CONNECTED EQUIPMENT, Or PLUGGABLE RENB, inwhich thrr circuit
intended to be connected to the CABLE DISTRIBUTI i otective
earth in accordance with 2.6.1 f);

— PLUGGABLE EQUIPMENT TYPE A, in which the ¢ e CABLE
DISTRIBUTION SYSTEM is also conn i nwagcordance with 2.6.1 f); and
either
* i intended to be installed by a st ; N_ and has installation instructipns that

[

f et-outlet with a protective gparthing
dgonnection; or

r-

[

Complignce is chesked\by ingpestionand_if hecessary by the voltage surge test of [7.3.2 or
impulse|test of 7°3. %

NOTE c
CLEARANGQ
SYSTEMS

igedy-the regquifements of 2.10.3 or annex G. It may be necessary to inqrease the
RECONDARY CIRCUITS intended for connection to CABLE DIS[TRIBUTION
.3.20r7.3.3.

7.3.2

The tegt i ( hetWeen the supply circuit terminals and the main protective parthing
terminal, i sinedtogether, and the connection points for the CABLE DISTRIBUTION [SYSTEM,
excluding<any earthed conductor, joined together. Fifty discharges are applied ffom the

impu/se test generator reference 3 of table N1 at a maximum rate of 12 dischanges per
minute, with U, equal to 10 kV. The "ON"/"OFF" switch, if provided, is in the "ON" position.

After the test, the insulation shall continue to comply with the electric strength test
requirement of 5.2.2.
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Impulse test

- 357 -

The test is applied between the supply circuit terminals and the main protective earthing
terminal, if any, joined together, and the connection points for the CABLE DISTRIBUTION SYSTEM,
excluding any earthed conductor, joined together. Ten impulses of alternating polarity are
applied from the impulse test generator reference 1 of table N.1, with a 60 s interval between
successive impulses, with U; equal to

— 5 kV for power-fed repeaters;

— 4 kV for all other terminal and network equipment.

The "ON"/"OFF" switch, if provided, is in the "ON" position.

After th

e test, the insulation shall continue to comply with the/efectH

requirement of 5.2.2.

24

@%

S

en

yth test
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Annex A
(normative)

Tests for resistance to heat and fire

It should be noted that toxic fumes may be given off during the tests. Where appropriate the
tests should be carried out either under a ventilated hood or in a well-ventilated room, but free
from draughts which could invalidate the tests.

A1

A1.1 S

Three s
ENCLOS
opening

A.1.2
Prior to
of 7 dayf

reached
and the

A13

Sample
located

A1.4

The tes

A1.5

The tes

become] i

the flam
are inv

Bamples

Section of

amples, each consisting of either a complete FIRE
Te g any ve

RE representing the thinnest significant wall t
are tested.

Conditioning of samples

5 are mountedlas
300 mm »

eds applied~at an angle of approximately 20° from the vertical. If ventilation ¢

2)

the FIRE
ntilation

period
berature
higher,

otton is

likely to

hvolved,
penings

Ived, the flame is applied to an edge of an opening, otherwise to a solid surfa

e. In all

cases, the tip of the inner blue cone is to be in contact with the sample. The flame is applied
for 5 s and removed for 5 s. This operation is repeated until the sample has been subjected to
five applications of the test flame to the same location.

The test is repeated on the remaining two samples. If more than one part of the FIRE
ENCLOSURE is near a source of ignition, each sample is tested with the flame applied to a
different location.
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Compliance criteria

During the test, the sample shall not release either flaming drops or particles capable of
igniting the surgical cotton. The sample shall not continue to burn for more than 1 min after

the fifth

application of the test flame, and shall not be consumed completely.

A.2 Flammability test for fire enclosures of movable equipment having
a total mass not exceeding 18 kg, and for material and components
located inside fire enclosures (see 4.7.3.2 and 4.7.3.4)

A.21

Three slamples are tested. For FIRE ENCLOSURES, each sample consist

FIRE EN

thicknegs and including any ventilation opening. For material to bé

ENCLOS

— the

— a sdction of the part representing the thinnest significa

— a tept plaque or bar of uniform thickness represefiting
the part.
For components to be located within
componient.
A.2.2 | Conditioning of samples
Prior to circulating air oven for a p
7 days (168 h), at a unifé L j than the maximum temperatur
part mefpsured during & : ichever is the higher, and then c
room temperature.
A.2.3 Mounti@
Sample
A.2.4
The tes
A.2.5
The tes| flame is applied to an inside surface of the sample at a point judged to be

become Ignited because Or Its proXimity to a source of ignition. For the evaluation of n

Samples

omplete

idant wall

he FIRE

ction of

omplete

eriod of
e of the
boled to

likely to

1aterials

located within the FIRE ENCLOSURE, it is permitted to apply the test flame to an external
surface of the sample. For the evaluation of components to be located within the FIRE
ENCLOSURE, the test flame is applied directly to the component.

If a vertical part is involved, the flame is applied at an angle of approximately 20° from the
vertical. If ventilation openings are involved, the flame is applied to an edge of an opening,
otherwise to a solid surface. In all cases, the tip of the flame is to be in contact with the
sample. The flame is applied for 30 s and removed for 60 s, then reapplied to the same

location

for 30 s.
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The test is repeated on the remaining two samples. If any part being tested is near a source
of ignition at more than one point, each sample is tested with the flame applied to a different
point which is near a source of ignition.

A.2.6

Compliance criteria

During the test, the samples shall not continue to burn for more than 1 min after the second
application of the test flame, and shall not be consumed completely.

A.2.7

Alternative test

As an alternative to the apparatus and procedure specified in A.2.4 and A.2.5, it is permitted

to use the apparatus and procedure specified in IEC 60695-2-2:1991, clauses4 and 8. The
manner)| duration and number of flame applications are as specified i pliance
is in acqordance with A.2.6.

NOTE Compliance with the method of either A.2.4 and A.2.5 or of A.2.7 is acge E) comply
with both jmethods.

A.3 Hot flaming oil test (see 4.6.2)

A.3.1 Mounting of samples

A samplfe of the complete finished bo ¢ fed in a
horizontal position. Bleached cheeses/oth\of QXii g/m2 is placed in ope layer
over a ghallow, flat-bottomed pan approximnat ufficient
size to ¢over completely the pattern offopening fo catch
any of { ugh the
openings.

NOTE Ujse of a metal scre¢

A.3.2 | Test proced

A small|metal Iads( e 0 a long
handle K th 10 ml
of a dis volume
betweel nl, a flash point between 43,5 °C and 93,5 °C |and an
average . The ladle containing the oil is heated and the oil ignjted and
permittg which time all of the hot flaming oil is poured at thg rate of
approxims teady stream onto the centre of the pattern of openings) from a
position Q0 mm above the openings.

The test isrepeatedtwice at 5 min intervals, using clean cheesecloth.

A.3.3 Compliance criterion

During these tests the cheesecloth shall not ignite.
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Annex B
(normative)

Motor tests under abnormal conditions
(see 4.7.2.2 and 5.3.2)

B.1 General requirements

Motors, other than d.c. motors in SECONDARY CIRCUITS, shall pass the tests of B.4 and B.5
and, where applicable, B.8, B.9 and B.10, except that the following motors not required to
pass thé test of B.4:

— mot bnent is
diregtly coupled to the motor shaft; and

- shar]: ot differ
by

DC moilors in SECONDARY CIRCUITS shall pass the te . ' ppt that

motors Which by their intrinsic operation normally opg cke rotor cond/t/oms such

as stepper motors, are not tested.

B.2 Test conditions

Unless gt RATED
VOLTAGE,

The tesfs are carried out Bjthex i ol 1]¢ j jti bench.
It is per e C

- any protectiogﬁw gnd

— uselofany m tir

Temper, red as specified in 1.4.13. Where thermocouples are
used thg 2ce” of the motor windings. Temperatures are determined at
the end & specified, otherwise when the temperature has stabilized, or

at the in

For tot
thermod

iipedance-protected motors, the temperatures are meas{red by
to the motor case.

When motors without inherent thermal ,nrnfnm‘inn are tested under simulated conditions on the
bench, the measured winding temperature is adjusted to take into account the ambient
temperature in which the motor is normally located within the equipment as measured during
the test of 4.5.1.
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B.3 Maximum temperatures
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For the tests in B.5, B.7, B.8 and B.9, the temperature limits, as specified in table B.1, shall
not be exceeded for each class of insulating material.

Table B.1 — Permitted temperature limits for motor windings
(except for running overload test)

Maximum temperature
°C
Method of protection Class A Class E Class B Class F Class H
V4

Protectipn by inherent or external impedance 150 165 175 4 190 210
Protectipn by protective device which 200 215 225 40, 260
operateg during the first hour
Protectipn by any protective device:
— maxinum after first hour 175 190 200 S 21 235
— arithipetic average during the 2nd hour 150 165 < 5 0 210

and dquring the 72nd hour
The arit ' folow@
The gra hile The power to the motor i cycling
on and asideration. The arithmetic kaverage

temperdg

where
tmax IS

tmin is

Maxima

N
S IVHTTTTTA

328/86

Figure B.1 — Determination of arithmetic average temperature

For the tests in B.4 and B.6, the temperature limits, as specified in table B.2, shall not be
exceeded for each class of insulating material.
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Table B.2 — Permitted temperature limits for running overload tests

Maximum temperature
°C
Class A Class E Class B Class F Class H
140 155 165 180 200

B.4 II.un.njng_oxeLl.o.a.d_Lest

A runni g overload protection test is carried out by operat/ng the mo orun /. LOAD.
The loa ) bps, the
motor 3 itibns are
establis bsed in
approp ntil the
overloa

The mo aximum
temperdg

B.5 Locked-rotor overload tes

A lockedgl-rotor test is carried out startingat room

The dun
- am } € cked for
15 days except th ) ] indi , Of either
the |open o j hat the
system

Temperature

$tant te

ked for

cycles,
remain

ntil the

tor with

inherent or external impedance protection or with an automatic reset protect:on device, or
during the first ten cycles for a motor with a manual reset protection device, or at the time of
operation of a non-resettable protection device.

The temperatures shall not exceed the values specified in table B.1.
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During the test, protective devices shall operate reliably without breakdown of insulation to
the motor frame or permanent damage to the motor, including excessive deterioration of the
insulation.

Permanent damage to the motor includes:

— severe or prolonged smoking or flaming;

— electrical or mechanical breakdown of any associated component part such as a capacitor
or starting relay;

— flaking, embrittlement or charring of insulation.

Discoloratiormr—ofthe—rsttation—s pc'llm'l‘tcu' bt u’lallflly or—embrittterment—Tto<tire—extent that
insulatign flakes off or material is removed when the winding is rubbe b is not
permittgd.

After th electric
strength ith test
voltaged test is
required.

NOTE C ual reset
protection make and
break loc

B.6 Running overload test for d.c. moto

The run orly rring is
determi w out, for
example, where electroni aintain

The test is carried out|by vperali W under NORMAL LOAD. The load is then increased
so that the curr 'S inN q 3 l gradual steps, the motor supply voltage being
maintained at its\grigiga &, steady conditions are established the load |s again
increasg | ively increased in appropriate steps until either the
overloa ates op the winding becomes an open circuit.

The mo S are determined during each steady period and the maximum
tempergture exceed the value in table B.2, except that, where difficulty is
experiefs accurate temperature measurements, due to the small|size or
unconvg " the motor, it is permitted to use the following test ingtead of
temperdg

During he running overload test the motor is covered with a cingln I::ynr of bleachel cotton

cheesecloth of approximately 40 g/m2. There shall be no ignition of the cheesecloth during the
test or at its conclusion.

Compliance with either method is acceptable; it is not necessary to comply with both
methods.
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B.7 Locked-rotor overload test for d.c. motors in secondary circuits

Motors shall pass the test in B.7.1, except that, where difficulty is experienced in obtaining
accurate temperature measurements, due to the small size or unconventional design of the
motor, the method of B.7.2 can be used instead. Compliance may be established by either

method.

B.7.1

Test procedure

The motor is operated at the voltage used in its application and with its rotor locked for 7 h or
until steady conditions are established, whichever is the longer. Temperatures shall not

exceed

he values specified in table B. 1

B.7.2

The mad
tissue,
approxi

NOTE W
generally
wrapping,

The mo
7 horu

At the ¢

B.7.3

Followin
or 60 V|
electric

B.8 1

Motors
capacitd

The shd
remain

Temper

Alternative test procedure

emperature, the motor shall withsf
ages reduced to 0,6 times the specified

hitres shall not exceed the values specified in table B.1.

}apping
cloth of

rammage
hd for gift

cked for

cloth.

V peak,
and the
alues.

with the

will not

NOTE Locked rotor is specified because some motors may not start and variable results could be obtained.
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B.9 Test for three-phase motors

Three-phase motors are tested under NORMAL LOAD, with one line conductor disconnected,
unless circuit controls prevent the application of voltage to the motor with one or more supply
conductors disconnected.

The effect of other loads and circuits within the equipment may necessitate that the motor be tested
within the equipment and with each of the three line conductors disconnected one at a time.

Temperatures shall not exceed the values specified in table B. 1.

B.10 Test for series motors

Series motors are operated at a voltage equal to 1,3 times the mofé Dr 1 min

with the|lowest possible load.

After the test, windings and connections shall not have wo shall be

presentlin the meaning of this standard.

&
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Annex C
(normative)

Transformers
(see 1.5.4 and 5.3.3)

C.1 Overload test

If the tests in this clause are carried out under simulated conditions on the bench, these
conditions shall include any protection device which would protect the r in the
complefe equipment.

Transfofmers for switch mode power supply units are tested in the ¢ons 2O W ply unit
or in thg complete equipment. Test loads are applied to the outpyt okth unit.

aded in
result in

A linean transformer or a ferro-resonant transformer has
turn, with any other secondaries loaded between zero ané
the maximum heating effect.

The output of a switch mode power supply uni heating

effect irl the transformer.

NOTE F

Where are not
made.

Maximujn temperatures of windi ; pasured

as specjfied in 1.4.13, @
—  with external
untill the overcurrent
current protectio
- with
—  with
— for qu

the time
he over-

ircuit or
e require_repyacement of the transformer do not constitute a failure of this test,
ard is created in the meaning of this standard.

Second.
otherwis
provided thatno ha

For compliance criteria see 5.3.8.1 and 5.3.8.2.
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Table C.1 — Permitted temperature limits for transformer windings

Maximum temperature
°C
Protection method Class A Class E Class B Class F Class H
Protection by inherent or external impedance 150 165 175 190 210
Protection by protective device 200 215 225 240 260
which operates during the first hour
Protection by any protective device:
— maximum after first hour 175 190 200 ~245 235
— arithmetic average during the 2nd hour 150 165 175 ,\( 190 210
and during the 72nd hour N (\

The arithmetic average temperature is determined as follows;

The graph of temperature against time (see figure C.1 1 e transfprmer is
cycling pn and off, is plotted for the period of test und ¢ jon. The arithmetic pverage
tempergture (tp) is determined by the formula:

where
tmax s the average of {

tmin s the average

ocl

Maxima

Minima

R

328/86

Figure C.1 — Determination of arithmetic average temperature

C.2 Insulation

Insulation in transformers shall comply with the following requirements.

Windings and conductive parts of transformers shall be treated as parts of the circuits to
which they are connected, if any. The insulation between them shall comply with the relevant
requirements of 2.10 and pass the relevant tests of 5.2, according to the application of the
insulation in the equipment (see 2.9.3).
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Precautions shall be taken to prevent the reduction below the required minimum values of
CLEARANCES and CREEPAGE DISTANCE that provide BASIC INSULATION, SUPPLEMENTARY
INSULATION or REINFORCED INSULATION by:

It is not[expected that two inmdependernt Tixings witi Toosemn at the sarme time.

All windfngs shall have the end turns retained by positive means.

displacement of windings or their turns;
displacement of internal wiring or wires for external connections;

undue displacement of parts of windings or internal wiring, in the event of rupture of wires
adjacent to connections or loosening of the connections;

bridging of insulation by wires, screws, washers and the like should they loosen or
become free.

Complignce is checked by inspection, measurement, and if neces ing tests.

If the transformer is fitted with a screen for protective s

parated

from the primary winding connected to a HAZARDOUS VOLTA el 1€ INSULATIPN only,

the scrgen shall comply with one of the following:

If tests @re carried out
from thé free e f
through|the scre

No eled
provide
connect
terminati

meef the requirements of 2.6.3.3;

meef the requirements of 2.6.3.4 otective

earthing terminal of the equipment;

pas§ a test simulating breakdowy and the
assd device
used in the end applie . ) ¢ not be
damjaged.

ple transformer having an extra lead-put wire
ensure that the current during the test| passes

ulation between any winding and the core or|screen,
dtally enclosed or encapsulated and there is no glectrical
syeen. However, the tests between windings whidh have

NOTE Ekam G 5 e’ forms of construction are the following (there are other acceptable| forms of

construct

windings isolated from gach other by placing them on separate limbs of the core, with or without spool$;

windings¥on a single spool with a partition wall, where either the spool and partition wall are pfessed or
mouldeg—in—one p;c\.,c, or—a puohcd ot palt;t;ull wat—tras—an—intermediate—sheath—ot \.,uvc|;||5 ovetr the joint

between the spool and the partition wall;

concentric windings on a spool of insulating material without flanges, or on insulation applied in thin sheet form
to the transformer core;

insulation is provided between windings consisting of sheet insulation extending beyond the end turns of each
layer;

concentric windings, separated by an earthed conductive screen which consists of metal foil extending the full
width of the windings, with suitable insulation between each winding and the screen. The conductive screen and
its lead-out wire have a cross section sufficient to ensure that on breakdown of the insulation an overload
device will open the circuit before the screen is destroyed. The overload device may be a part of the
transformer.
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D.1

Annex D
(normative)

Measuring instruments for touch-current tests
(see 5.1.4)

Measuring instrument

The measuring instrument of figure D.1 is from IEC 60990, figure 4.

The me

line in

showind i of U from the ideal curve as a function of frequency.

l ) ) /&%

IEC 451/99

A J>
Ry — Cg
Test terminals R,
1
i A\

S

H ’
pltmeter or oscillogcope >1 MQ
(m.s. or peak rea nput capacitance: <200 pF
Frequency range: 15 Hz up to 1 MH
(appropriate for the highest frequency of
interest, see 1.4.7)
ure D.1 — Measuring instrument

< OO0 X XX

structed
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D.2 Alternative measuring instrument

R, R

| o

——— ) R %‘» CD M
D1-D4

M
R1 + Rv1 + Rm at 0,5 mA d.c. =

D1-D4
Rs
s

The insfrument comprise

two beipg shunted byla céapa
reduce the sen ¢
instrumént shouldNalsoNi

inductive resistor.
method

characteristics of the instrument.

Ry1 is adjustad fortq ire lue of total resistance at 0,5 mA d.c.
The meteri s e following calibration points on the maximum sensitivity
50 Hz tq i

0,25/ mAs 0,5 mA, 0,75 mA.

0 include overcurrent protection, provided

nce, the
or is to
cy. The
a non-
hat the

ange at

The following response is checked at the 0,5 mA calibration point:

Sensitivity at 5 kHz sinusoidal: 3,6 mA £ 5 %.
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Annex E
(normative)

Temperature rise of a winding
(see 1.4.13)
The value of the temperature rise of a winding is calculated from the formula:

for a copper winding At = R—(234’5 +t,)-(t, - t,)

1

for an aluminium winding At = % (225 +t,)-(t, - t;)
1

where
At is the temperature rise, in kelvins;

R4 s the resistance of the winding at the beginning
Ry ist
ty st

to ist

At the b

It is red
taking n
interval$
resistan

with the
rise.

ined by
at short
ing the

S annex
berature
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Annex F
(normative)

Measurement of clearances and creepage distances

(see 2.10)

The methods of measuring CLEARANCES and CREEPAGE DISTANCES which are specified in the

following figures are used in interpreting the requirements of this standard.

In the following figures, the value of X is given in table F.1. Where the distance shown is less

than X, the depth of the gap or groove is disregarded when measuring a

Table F[1 is valid only if the required minimum CLEARANCE is 3 m
minimurn CLEARANCE is less than 3 mm, the value of X is the lesser

— the felevant value in table F.1; or
— one fthird of the required minimum CLEARANCE.

Table F.1 — Valug’of X

@)

Pollution de e \/ XG
(see 2.1%)’\ mm
05—

1 2
2 1,0
3 9

~
N

EEP

E DIS

the

In the fqllowing figures|, CCEARANCES\and, CREEPAGE DISTANCES are shown as follows:

--—< X mm

Condition

Rule: CKEARANCE and CREEPAGE DISTANCE are measured directly across the groove.

qnsideration includes a parallel or converging-sided groove of any depth with

TANCE.

equired

vidth less

Figure F.1 — Narrow groove

CLEARANCE

EEEEEN CREEPAGE DISTANCE
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Condition

Rule:

Condition

Rule:

Condition

Rule:

2 X mm

X%

Path' undercdnsideration includes a rib.

. Path under consideration includes a parallel-sided groove of any depth, and equal to or more than
X mm wide.
CLEARANCE is the "line of sight" distance. CREEPAGE DISTANCE path follows t contwgroove.
Figure F.2 — Wide groove
d a width
roove but

CLEARANCE is the shortest direct air path over the top of the rib. CREEPAGE DISTANCE path follows the

contour of the rib.
Figure F.4 — Rib

CLEARANCE

EEEEERN CREEPAGE DISTANCE
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Condition

Rule:

Condition

Rule:

Condition:

Rule:

<Xmm_.._'<; _—.T—-._<Xmm

: Path under consideration includes an uncemented joint with grooves less than X mm wide on either side.

CLEARANCE i CREEPAGE DISTANCE patiTis-thetimeof sight*“distancestowr:

Figure F.5 — Uncemented joint with narrow groo

wide each side.

2 X mm
aasaasay AV TAS
Path under consideration includes an emented\joint™with a groove equal to or more th

an X mm

jroove.

Path under consideration includes an uncemented joint with a groove on one side less than
and a groove on the other equal to or more than X mm wide.

CLEARANCE and CREEPAGE DISTANCE path are as shown.

Figure F.7 — Uncemented joint with narrow and wide grooves

CLEARANCE

EEEEEN CREEPAGE DISTANCE

mm wide
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u*:j (

b

Gap between head of screw and wall of recess wide enough to be taken into account.

Figure F.9 — Wide recess

EEEEEN CREEPAGE DISTANCE
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Terminal pin

CREEPAGE DISTANCE
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Separation distance
before coating to meet
2.10.6, table 2N

Terminal pin

[{ Insulation coating
q to meet 2.10.9

Component pin 7A

Coa% pj

Figure F.10 — Coating around té

Metal can

LEARANCE 10 meet 2.10.3
cREEPAGE DISJANCE to meet 2.10.4

Copper _——
track

O

Printe:
wiring

stra

/

Separation distance
before coating to meet
2.10.6, table 2N

Figure F.11 — Coating over printed wiring

CLEARANCE

CREEPAGE DISTANCE

IEC 454/9



https://iecnorm.com/api/?name=eb66d5dcf626986f57ea5da2f86c61bc

60950-1

Part of ELV CIRCUIT or part
at HAZARDOUS VOLTAGE

© |IEC:2001

- 399 -

Inside of equipment

Qutside of equipment

material

T

7

ENCLOSURE of insulating

Point A i

(see 2.1.1.

Point B ig

insulating

metal foil

matérial to a part inside the ENCLOSURE (see 2.10.3.1 and 2.10.4).

Fictitious layer of

Point of contac|

/\',\ Point of contac|

Accessible to test finger

1EC

used-for measurements of CLEARANCE and CREEPAGE DISTANCE from the outside of an ENCI

1640193

00 V d.c.

OSURE of

Figure F.12 — Example of measurements in an enclosure of insulating material

CLEARANCE

EEEEEN CREEPAGE DISTANCE
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Unconnected conductive part

Condition

Rule:

Insulation distance with intervening, unconnected conductive part.

CLEARANCE is the distance d + D.

CREEPAGE DISTANCE is also d + D.
Where the value of d or D is smaller than X, it shall be considereq

&
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Annex G
(normative)

Alternative method for determining minimum clearances

This annex contains the alternative method for determining minimum CLEARANCES referred to
in 2.10.3.

G.1 iliummary of the procedure for determining minimum cl
NOTE The minimum clearances for FUNCTIONAL INSULATION, BASIC INSULATION, TION and
REINFORCED INSULATION, whether in a PRIMARY CIRCUIT or another circuit, depend o THSTAND
VOLTAGE.|The REQUIRED WITHSTAND VOLTAGE depends in turn on the compined efect\of operating
voltage (ipcluding repetitive peaks due to internal circuitry such as switch mogde po repetitive
overvoltages due to external transients.
To determine the minimum value for each required C shall be
used:
Meapgure the PEAK WORKING VOLTAGE across t
2. If th¢ equipment is mains operated
-
- le of the
nominal AC MAINS SU
3. Use|the rules in item\a) © ine the
REQUIRED WITHSTA bsence
of transients coming
4. If the equip' dNoa TELECOMMUNICATION NETWORK, determine the
TELHCOMMUNICATIQ
5. Use|the TELECO ORK TRANSIENT VOLTAGE and the rules in item b) of
clau QUIRED WITHSTAND VOLTAGE for TELECOMMUNICATION
NETV absence of mains and internal transients, go to step 7.
6. Use ause G.4 to determine the total REQUIRED WITHSTAND VQLTAGE.
7. Useltk ITHSTAND VOLTAGE to determine the minimum CLEARANCE (G.6).
NOTE T ienfs from a CABLE DISTRIBUTION SYSTEM is not taken into account when dgtermining
CLEARANQ
G.2 Determination of mains transient voltage
G.21 AC mains supply

For equipment to be supplied from the AC MAINS SUPPLY, the value of the MAINS TRANSIENT
VOLTAGE depends on the Overvoltage Category and the nominal value of the AC MAINS SUPPLY
voltage. In general, CLEARANCES in equipment intended to be connected to the AC MAINS
SUPPLY shall be designed for a MAINS TRANSIENT VOLTAGE in Overvoltage Category Il.


https://iecnorm.com/api/?name=eb66d5dcf626986f57ea5da2f86c61bc

60950-1 © IEC:2001 - 405 -

Equipment that is part of the building power installation, or that may be subject to transient
overvoltages exceeding those for Overvoltage Category Il, shall be designed for Overvoltage
Category Il or 1V, unless additional protection is to be provided external to the equipment. In
this case, the installation instructions shall state the need for such external protection.

It should be noted that annex G only provides a method of determining minimum CLEARANCES
for Overvoltage Categories Ill and IV. Other aspects of design for Overvoltage Categories Il
and IV must be considered, for example, requirements for solid insulation and for electric
strength testing (see IEC 60664-1) and appropriate rating of components to withstand the
MAINS TRANSIENT VOLTAGES given in table G.1.

The applicable value of the MAINS TRANSIENT VOLTAGE shall be determined. from the Over-
voltage [Category and the nominal AC MAINS SUPPLY voltage using table G,

Table G.1 — Mains transient voltages

<\ x/
MAINS TRANS{ENT VQLRAG
Nominal AC MAINS SUPPLY voltage

line-to-neutral

up to and including /venQra{\s\eg\N

V r.m.s.
I > v

50 33(0/\ \) /{00/\ \soo 1500
AY
100 < Qoo K )\1/500 2500
150 1) \ \@\ 1 500 2 500 4 000
A
300 2) \ No \2/}00 4 000 6 000

60§\ \( MO \\/ 4 000 6 000 8 000

1) Includlng12 2 120fa0n N\~
0/400 71480V
690

NOTE 1 |but|on system used (see figure V.7), the AC MAINS SUPPLY |voltage is
considere] e voltage and will remain 230 V in case of a single earth fault.

NOTE 2 2 S TRANSIENT VOLTAGES for the nominal AC MAINS SUPPLY voltage of 100 V is
determindg icable to the nominal AC MAINS SUPPLY voltage of 150 V.

G.2.2

For equipment to be supplied from a DC MAINS SUPPLY that is connected to protectiye earth
and is enfirely within a single building, the MAINS TRANSIENT VOLTAGE is considered to be zero.

NOTE The connection to protective earth can be at the source of the DC MAINS SUPPLY or at the equipment
location, or both (see ITU-T Recommendation K.27).

For equipment to be supplied from a DC MAINS SUPPLY that is not connected to protective
earth, the value of the MAINS TRANSIENT VOLTAGE in the DC MAINS SUPPLY is the same as the
MAINS TRANSIENT VOLTAGE in the PRIMARY CIRCUIT from which it is derived.
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G.3 Determination of telecommunication network transient voltage

If the TELECOMMUNICATION NETWORK TRANSIENT VOLTAGE is not known for the TELECOM-

MUNICATION NETWORK in question, it shall be taken as:

— 1500 Vpeak if the circuit connected to the TELECOMMUNICATION NETWORK is @ TNV-1 CIRCUIT

or a TNV-3 CIRCUIT; and

— 800 Vpegk if the circuit connected to the TELECOMMUNICATION NETWORK is an SELV CIRCUIT

or a TNV-2 CIRCUIT.

G.4 Determination of required withstand voltage

a) Mains and internal transients

— HRIMARY CIRCUIT receiving the unattenuated mains transient:

Rule 2) If the PEAK WORKING\VOLFA
4STAND VOLTAGE

Ih such a PRIMARY CIRCUIT, the effect of transients co ' aXTELECOMMUNICATION
NETWORK is ignored, and the following rules shall be

Rule 1) If the PEAK WORKING VOLTAGE, Upy, is le \ W& peakwalpe of the [hominal
AC MAINS SUPPLY voltage, the REQUIRED WITHSTAND “WOLRA is\the MAINS TRANSIENT
JOLTAGE determined in clause G.2;

han the peak valug¢ of the

is the MAINS

plus the difference between the PEAK

- 9 ! UIT receives the unattenuated mains trgnsient:

Ilternativel

I.
q
q
di
/
r

| !
f i fitransiepts coming from TELECOMMUNICATION NETWPRKS.
1
[

areNapplied, with the MAINS TRANSIENT VOLTAGE determined

not permitted for a floating SECONDARY CIRCUIT unless it is in
qain protective earthing terminal and is separated from its PRIMARY
hed metal screen, connected to protective earth in accprdance

e above rules 1) and 2) are applied but the voltage determined by
heasurement, see item a) of clause G.5, is taken as the MAINS TRANSIENT VOL'IﬂGE.

— PRIMARY and SECONDARY CIRCUITS not receiving the unattenuated mains transient:

In such PRIMARY or SECONDARY CIRCUITS, the REQUIRED WITHSTAND VOLTAGE, ignoring
the effect of transients coming from any TELECOMMUNICATION NETWORK, is determined
as follows. The above rules 1) and 2) are applied, but a voltage determined by
measurement, see item a) of clause G.5, shall be taken as the MAINS TRANSIENT

VOLTAGE.
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b)

G.5 Measurement of transient voltage levels

— SECONDARY CIRCUIT supplied by a d.c. source having capacitive filtering:

In any earthed SECONDARY CIRCUIT supplied by a d.c. source with capacitive filtering,

the REQUIRED WITHSTAND VOLTAGE shall be taken as equal to the DC VOLTAGE.

TELECOMMUNICATION NETWORK transients

If transients only from a TELECOMMUNICATION NETWORK are involved, the REQUIRED
WITHSTAND VOLTAGE is the TELECOMMUNICATION NETWORK TRANSIENT VOLTAGE determined in
clause G.3, unless a lower level is measured when tested according to item b) of

clause G.5.
Combination of transients

If both transients a) and b) are involved, the REQUIRED WITHSTAND VOLTAGE is the larger of

the two—voltages—The-twovalues-shall-not be-added-together
Wo-o+tag8s—HetWo Va8 s—SHa+ R+ a6ae8atogethel-
Trarlsients from CABLE DISTRIBUTION SYSTEMS

The|effect of transients from CABLE DISTRIBUTION SYSTEMS is no
determining REQUIRED WITHSTAND VOLTAGE.

ht when

The fol ine whethef or not
transien al (for example, due
to the ¢ ANCE is
measur sed on
the meqg
During , but is
not con y surge
suppres
A voltad
a) Tran
To O MAINS
TRA nce 2 of
tabl ANSIENT
VoL
Threge between
imp
- i
- a ors conductively joined together and neutral;
I noliiator aoliiatincalis inimad fanofh o ol et £y et .
- an mre ovurituuuvivuro UUIIUUUI.IVGI_y JUHICU lUyUll'Ul arru PIULUULIVU odartrr,
— neutral and protective earth.
b) Transients due to TELECOMMUNICATION NETWORK TRANSIENT VOLTAGES

To measure the reduced level of transient voltages across a CLEARANCE due to
TELECOMMUNICATION NETWORK TRANSIENT VOLTAGES, the impulse test generator reference 1
of table N.1 is used to generate 10/700 us impulses. U; is equal to the TELE-

COMMUNICATION NETWORK TRANSIENT VOLTAGE determined in clause G.3.
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Three to six impulses of alternating polarity, with intervals of at least 1 s between
impulses, are applied between each of the following TELECOMMUNICATION NETWORK
connection points of a single interface type:

— each pair of terminals (for example, A and B or tip and ring) in an interface;

— all terminals of a single interface type joined together and earth.

Only one of a set of identical circuits is tested.

G.6 Determination of minimum clearances

For equipment to be operated up to 2 000 m above sea level, each CLEARANCE shall comply
with thgTmimimumdimensions—givernr i tabte—G-2,using thevatue of HSTAND
VOLTAGE determined according to clause G.4.

For equjpment to be operated at more than 2 000 m above sea levé
of table|A.2 of IEC 60664-1:1992 shall be used in addition to
table A.R values is permitted.

pfactors
idh of the

Except fas required by 2.8.7.1, the specified CLEARANCE ' i air gap
between the contacts of THERMOSTATS, THERMAL gUT-OU levices,
switche$ of microgap construction and similar compone with the
contactg.

NOTE Fpr air gaps between contacts of dis$ ntacts of

interlock g$witches, see 2.8.7.1.
The spdcified CLEARANCES are subject fo the follo

— 10 mm for an air gap/se S ATION between a part at HAZARDOUS
VOLTAGE and an accessj Ve ENCLOSURE of floor-standing equipment
or of the non-verticaktop surface

— 2 mm for an air ga ' ~ SULATION between a part at HAZARDOUS YOLTAGE
and| an ear S ctive/part of the external ENCLOSURE of PLYUGGABLE

EQU|PMENT TYPE
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Table G.2 — Minimum clearances up to 2 000 m above sea level

CLEARANCES in millimetres

REQUIRED
WITHSTAND VOLTAGE

Minimum CLEARANCES in air

BASIC INSULATION

— na«c,test volt

ge whose r.m.s. value is equal to 1,06 times the PEAK WORKING VOLTAGE; or

V pesk or dec. NSULATION and SUPPLENENTARY INSULATION
Up to 400 0,1 0,2 (0,1) 0,4 (0,2)
800 0,1 0,2 0,4
1 000 0,2 0,3 0,6
I ZUU U,o U,4 //\kj,‘b\
1500 0,5 0,8 (0,5) N 1,6 (M
2 000 1 13 (1) AN 2,6
2 500 1,5 2 (1,5) \ 4 (3)
3 000 2 26 (2 X082 O\ (@)
4000 3 4 Q) \ PO\ 6
6 000 5,5 7.5 S O\ 1y
8 000 8 10 N 16
10 000 11 (15 () ) 22
12 000 14 (C\N" /2] 28
15 000 18 N 24 O\ 36
25 000 33 4 / 66
40 000 60 80 120
50 000 150
60 000 180
80 000 260
100 000 340
1) Line S being
roun
2) The ramme,
that DOUBLE
INSU
3) Conpli ANCE value of 5,0 mm or greater for SECONDARY CIRCUITS is not fequired
if a mini is maintained and the CLEARANCE path is:
- 4
- e surface of an insulation of Material Group I;
and [the insulatiqn involved passes an electric strength test according to 5.2.2, using:

o " " L da il L } bl " " I ool
- d U.L. 1ol VUILAdytT TUYUAl LU UTC PpTan vdiut UT TS 4.L. ICS1 VUILayT PIcosiliTtotu auvuve.

If the CLEARANCE path is partly along the surface of a material that is not of Material Group I, the electric
strength test is conducted in the air gap only.
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Compliance is checked by measurement, taking into account annex F. There is no electric
strength test to verify CLEARANCES. The following conditions are applicable:

— movable parts shall be placed in the most unfavourable position;
— the force tests of 4.2.2, 4.2.3 and 4.2.4 apply;

— when measuring CLEARANCES from an ENCLOSURE of insulating material through a slot or
opening in the ENCLOSURE, the accessible surface shall be considered to be conductive as
if it were covered by metal foil wherever it can be touched by the test finger, figure 2A
(see 2.1.1.1), applied without appreciable force (see figure F.12, point B).

@%
8
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Annex H
(normative)

lonizing radiation
(see 4.3.13)

Equipment which might produce ionizing radiation is checked by measuring the amount of

radiation.

The amount of radiation is determined by means of a radiation monitor_of the ionizing

chambel type with an effective area of 10 cm2 or by measuring equipment
giving equivalent results.

supply Yoltage (see 1.4.5) and with OPERATOR controls and se
give maximum radiation whilst maintaining the equipment op

f othd

br types

bourable
50 as to

Internal|preset controls not intended to be adjusted gurir re lifeti e equipment are

not considered to be service controls.

At any point 5 cm from the surface of~the OPER
exceed |36 pA/kg (5 uSv/h) (0,5 mR/hK\(se

NOTE 1 |[This value appears in ICRP 15.

NOTE 2 |[In the member countries of CENELEC, the amountof TQ
Directive P6/29/Euratom of 13 May 1996. This Dire equi
equipmenit, the dose-rate shall p X 0, h) taking account of the background level.

9,

hall not
o level.

n Council
ce of the
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Annex J
(normative)

Table of electrochemical potentials (see 2.6.5.6)

T _

ials (V)

>
c (o]
[%2] o =
g = o
© o 3
§ S >
.(7) E__ q>)
8 Q ?}
[ > -
© 2] =]
E & & o £
E ® g ] > 5 2
2 e o § g L& 3 £ o G
8 §~ dg & © T & § T g =
= - c O = c o) 2] —_ c o -
g ¢ =5 5 = z §| % s £ 3
= N &85 o < = a| & T O .0
0 0,5 0,55|0,7 0,8 0,85 0,9 1,0 1,05 1,1 1,15 1,25
0 0,05 0,2 0,3 0,35 0,4 0,5/ 0,55 0,6 |0,65 0,75
0 0,15 0,25 0,3 0,35 0,4% 0,5 0,5 0,7
0 0,1 0,15 0,2 0,3] 0,35 0,4 0,45
0 0,05 0,1 0,2 0,25 0,3 0,35
Ag Silver 0 0,05 0,1% 0,2 0,2 0,3
Al Aluminium -
Cd Cadmium 0 0,1 0,15 0,2 0,25
Cr  Chromium 0 | 00501 015 0,25
Cu Copper
Mg Magnesium
Ni Nickel
Rh Rhodium
Zn Zinc

NOTE Corrosion due to electrochemi
dissimilar metals which are in contact
combined electrochemical potential is

In the table the combined electrochem

0 0,5 0,1
0 0,05
0

al action between
s minimized if the
elow about 0,6 V.
ical potentials are

0,2
0,15
0,1

Magnesium, magnesium allo
Zinc, zinc alloys

80 tin/20 Zn on steel, Zn on
Aluminium

on steel

:éll/M alloy

Ni on steel

Silver

listed for a number of pairs of metals in common use;
combinations above the dividing line should be avoided.

Carbon

Gold, platinum

ron or steel

12 % Cr stainless steel

inless steel

Rh on Ag on Cu, silver/gold alloy

100¢:031 @ L-05609

- 6Ly —
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Annex K
(normative)

Thermal controls
(see 1.5.3 and 5.3.7)

K.1 Making and breaking capacity

THERMOSTATS and TEMPERATURE LIMITERS shall have adequate making and breaking capacity.

Complignce is checked by subjecting three samples either to the tests of tlausesK.2 Lnd K.3,
or to the tests of clause K.4, as appropriate. If the component is T<mark mple is
tested with the switch part at room temperature, and two samplesg’ W ? art at a
tempergture in accordance with the marking.

Components not marked with individual ratings are tested \either™¥ ipmment or
separately, whichever is more convenient, but, if tested separate ¢ s are to
be similpr to those occurring in the equipment.

During the tests, no sustained arcing shall occur,

g their further use. Hlectrical
withstand an electric strength
the insulation between the ¢ontacts
d at RATED VOLTAGE or at tHe upper

After thle tests, the samples shall show RrRo“damage{Jmp
connectfjons shall not have worked loose

test as ppecified in 5.2.2, except that
is twice|the voltage applied when the
voltage [of the RATED VOLTA

For test purposes the
frequenty inherenf to
If it is npt possible™g1

it is use

vitching

n which

K2 T
THERMO es and
200 bre TAGE or

to 1,1t

K3 T

THERMOSTATS are caused, thermally, to perform 10 000 cycles of operation (10 000 makes
and 10 000 breaks) when the equipment is operated at RATED VOLTAGE or at the upper voltage
of the RATED VOLTAGE RANGE, and under NORMAL LOAD.


https://iecnorm.com/api/?name=eb66d5dcf626986f57ea5da2f86c61bc

60950-1 © IEC:2001 - 423 -

K.4 Temperature limiter endurance

TEMPERATURE LIMITERS are caused, thermally, to perform 1 000 cycles of operation
(1 000 makes and 1 000 breaks) when the equipment is operated at RATED VOLTAGE, or at the
upper voltage of the RATED VOLTAGE RANGE, and under NORMAL LOAD.

K.5 Thermal cut-out reliability

THERMAL CUT-OUTS shall operate reliably.

Compliance is checked while the equipment is operating under the canditions specified
in4.5.1

AUTOMA
CUT-0U1

[HERMAL

After the

Forced

K.6 $tability of operation

THERMOBTATS, TEMPERATURE LIMITERS an nat their

setting is not changed appreciably by h

Complignce is checked by jrspectio
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Annex L
(normative)

Normal load conditions

for some types of electrical business equipment
(see 1.2.2.1 and 4.5.1)

L.1 Typewriters

line tran a
established. Automatically operated machines are operated at the Yaxims pihg speed
recommended in the manufacturer's instruction sheet.

L.2 Adding machines and cash registers

For addjng machines and cash registers, four digit n ’ b repeat

key or operating bar activated 24 times per minute f S blished,
the foundigit number to be used being that whichHog j he cash
register|has a drawer which opens eveptime a perated
at a rate of 15 operation cycles per Mjnute 4 bn, until
steady fonditions are established. Foran“adding 1 beration
consistg of the OPERATOR setting or insg he fig operate

and theh pressing the operating bar, r

L.3 Erasers

Erasers|are operaf

For a p
followin

ewpé€ncils are each sharpened eight times according to the
ew pencils, the point is broken off before each sharpefing.

Sharpetfi 4 s for a new pencil
2 s for subsequent sharpenings
6s

Intervallbetween pencils 60 s

Interval|between sharpenings

All times are approximate.

L.5 Duplicators and copy machines

Duplicators and copy machines are operated continuously at maximum speed until steady
conditions are established. It is permitted to introduce a rest period of 3 min after each
500 copies if this is compatible with the design of the machine.
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L.6 Motor-operated files

Motor-operated files are loaded to simulate a condition of unbalance caused by uneven
distribution of the contents. During operation, the unbalanced load is moved approximately
one-third of the total carrier travel of the path that will impose maximum loading during each
operation. The operation is repeated each 15 s until steady conditions are established.

A load caused by the non-uniform distribution of the contents is permitted to be simulated as
follows.

In the case of vertical transport, three-eighths of the filing area are to be loaded, without

leaving ay is to
be travg ntil the
temperg

In the ¢ ort, the
total lo4 ated, at

interval$ of 15 s, until the temperature has stabilized.

L.7 OQther business equipment

Other business equipment is operated ,accordin
given in|the operating instructions.

&

avourable way of operation
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Annex M
(normative)

Criteria for telephone ringing signals
(see 2.3.1)

M.1 Introduction

The two alternative methods described in this annex reflect satisfactory experience in
differen rts of the world. Method A is typical of anal telephon rks in Europe,

and Method B of those in North America. The two methods result in standar lectrical

safety which are broadly equivalent.

M.2 Method A

This method requires that the currents Irss and Itso floWing y resistor,

between any two conductors or between one conductor ang y e limits

specifief, as follows.

a) For |normal operation, lrs4, the current determi dlculated or measured
current for any single active ringingp ] ijgure M.1), does not exceed:

1) fpr cadenced ringing (t1 < <), the { by Xhe curve of figure M.2 at t4;
2) fpr continuous ringing (t1 = «), 16

ITs1] in mA, is as given

for (t; < 600 ms)

for (600 ms < t; < 1200 ms)

for (ty = 1200 ms)

where
Ip is the peak current, in mA, of the relevant waveform given in figure M.3;

lop is the peak-to-peak current, in mA, of the relevant waveform given in figure M.3;

t4 is expressed in ms.
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b) For normal operation, Its», the average current for repeated bursts of a cadenced ringing
signal calculated for one ringing cadence cycle ty (as defined in figure M.1), does not
exceed 16 mA r.m.s.

ITs2in mA is as given by

2
t ty —t /
ITs2 = | X [3gg+ 2 T x %
2 t 3,75
where
ITs1 in mA, is as given by item a) of M.2);
lge sthe—d-e—etrrentir—mAFowingthrough—the5-000-Bresistor-duritre—the—

n-active

ty and ty are expressed in milliseconds.
NOTE Thpe frequencies of telephone ringing voltages are normally within the r
c) Undgr single fault conditions, including where cadenced rin§i
— lirs1 shall not exceed the current given by the curve

is greater;

— lirso2 shall not exceed a limit of 20 mA.

period of the cadence cycle;

t4 is:

— the duration of a

<\ /‘ \ ringing period, wher
ringing is active for the

of the single ringing pef

t1a t1b

- — the sum of the active f
of ringing within the
ringing period, wher
single ringing period cd

u two or more discrete

4 \ \t t1 = t1a * t1p.

- periods of ringing, as
example shown, for

\/ IEC 456/99
w to is the duration of ong
plete cadence cycle.

Is
ichever

single
b the
whole
jod;

eriods
single
e the
ntains
active
in the
which

com-

Figure M.1 — Definition of ringing period and cadence cycle
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16 mA
10 000
Time £, (ms)
1 000
X
\
Ay I
N
</‘
N
N
100 = \
7
71
\ \ 17/
/41NN
TS TR
S -
~_1
1T T K
2
I
10 L and
N ol
| 200 500 1000 Current ;g  (mA)
6!
1E 457/99
Irs1Nimit’gurve for cadenced ringing signal
NIk _:_’pp
Idc [

Figure M.3 — Peak and peak-to-peak currents

IEC 607191
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M.3 Method B

NOTE This method is based on USA CFR 47 ("FCC Rules") Part 68, Sub-part D, with additional requirements that

apply under fault conditions.

M.3.1 Ringing signal

M.3.1.1 Frequency

The ringing signal shall use only frequencies whose fundamental component is equal to or

less than 70 Hz.

M.3.1.2] Voltage

The ringing voltage shall be less than 300 V peak-to-peak and lgésthan\208 V pgak with
respect|to earth, measured across a resistance of at least 1 MQ.

M.3.1.3| Cadence

The ringing voltage shall be interrupted to create quie gast 1s (uration
separated by no more than 5s. During the quiet j { age to earth shall not
exceed 6,5 V d.c.

M.3.1.4| Single fault current

Where ¢ sequerice of a single fault, the current
through output conductors or betwg¢en one

output g -to-peak, as shown in figurel M.3.

M.3.2

M.3.2.1

A ringin tripping device as specified in M.3.2.2, or|provide

a monit /3.2.3, or both, depending on the current thfough a

specifie ted ketwegn the ringing signal generator and earth, as follpws:

— if th Q) resistor does not exceed 100 mA peak-to-peak, neither a
trippiing i ing voltage is required;

— ifthe™ wthrough @1 500 Q resistor exceeds 100 mA peak-to-peak, a tripping device
shal ) e tripping device meets the trip criteria specified in figure M.4 with

= b00Q,no~onitoring voltage is required. If, however, the tripping device only meets

the tlrip criteria with R =1 500 Q, a monitoring voltage shall also be provided;

— if the current through a 500 Q resistor exceeds 100 mA peak-to-peak, but the current

through a 1 500 Q resistor does not exceed this value, either:

» a tripping device shall be provided, meeting the trip criteria specified in figure M.4 with

R =500 Q or
* a monitoring voltage shall be provided.
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1000 — Tripping
Peak-to-peak L. device
Ringing \
current (mA) (28 ms, 600 mA) voltage 1 R
500 — source
R=500Qo0r1500Q
200 —
100 —
(1,0 s, 100 mA)
50 —

458/99
NOTE 1

NOTE 2

M.3.2.2

A serieq cified in

figure M.4.

M.3.2.3

A voltag but not

exceedi
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Annex N
(normative)

Impulse test generators
(see 2.10.3.4, 6.2.2.1, 7.3.2 and clause G.5)

NOTE Extreme care is necessary when using these test generators due to the high electric charge stored in the

capacitor C1.

N.1 ITU-T impulse test generators

The cirquit in figure N.1, using the component values in references 1 and 2

used to|generate impulses, the Cq capacitor being charged initially to

Circuit neference 1 of table N.1 generates 10/700 ps impulses (10
virtual tjme to half value) as specified in ITU-T Recommenda
interfergnce in the TELECOMMUNICATION NETWORK.

virtual t
power d

tabl¢ N.1, is

700 ps
ightning

front timg, 50 ps
simulate trangients in

The img i g0 can be different ungler load

conditio

O

Figure N.1 — ITU-T impulse test generator circuit

IEC 459/99
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