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Foreword

This Kenya Standardwas preparedby the Electrical Installationsand Distribution SystemsTechnical
Committee under the guidance of the Standards Projects Committee, and it is in accordance with the
procedures of the Kenya Bureau of Standards.

KenyaBureauof Standard§KEBS) hasestablished’echnical Committeegl Cs) mandatedo develop

Kenya Standards (KS). The Committees are composed of representatives from the public and private
sector organizations in Kenya.

Kenya Standards are developed through Technical Committees that are representative of. key
stakeholders includinggovernment,academia,consumergroups, private sector and other interested

parties. Draft Kenya Standards are circulated to stakeholders through the KEBS ‘website and
notifications to World Trade Organization (WTO). The comments received are discussed and
incorporated before finalization of the standards, in accordance with the Procedures for Development of
Kenya Standards.

Kenya Standards are subject to review, to keep pace with technological advances. Users of the Kenya

Standardsrethereforeexpectedo ensurehatthey alwayshavethe latestversionsof the standardshey
areimplementing.

The development of th€&irst Edition of this standard is basedon BS 7671:2018' &8ition) with its
severalamendmentsind the different parts of IEC 60364 and is splitinto the following parts:

Partl, Scope pbjectandfundamentaprinciples.

Part 2. Definitions.

Part3. Assessmenif generakharacteristics."Part 4: Protection for safety.
Part5. Selectionanderectionof electricalequipment.

Part 6. Verification.

Part7. Requirement$or specialinstallationsor locations.

These parts are‘in line with those of IEC 60364.

During thepreparatiorof this standardieferencavasmadeto thefollowing documents:

IEC 60364(All parts):Low-voltageinstallations.

BS 7671. (18th Edition) Requirements for electrical installations. Acknowledgesitesrebymadefor

theassistancderivedfrom thesesources.
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Scope

This part of KS 662 ensures that electrical systems are designed and installed with safety in mind,
preventing electrical hazards like overcurrent, fault currents, and fire risks. It includes a comprehensive
set of guidelines for wiring methods, protection, earthing, bonding, and inspection to ensure a safe,
effective, and compliant electrical installation.

It provides common rules for compliance with measures of protection for safety, requirements for
proper functioning for intended use of the installation, and requirements appropriate to the external
influences.

Normative References

The following normative documents contain provisions which, through' reference in this text, constitute
provisions of this part 6 of this standard. At the time of publication, the editions indicated were valid. All
normative documents are subject to revision, and parties to agreements.based on this part of this standard are
encouraged to investigate the possibility of applying the most recent editions of the normative documents
indicated below. Members ¢EC andISO maintain registers of currently valid International Standards.

IEC 60073: Basic and safety principles for rraachine interface, marking and identification

Coding principles for indicators and actuators

IEC 60447:Basic and safety principles for mamachine interface, marking and identification
Actuating principles

KS IEC 60684Flexible insulating sleeving

IEC 60617: Graphical symbols for diagrams

IEC 60364: Lowvoltage electricalinstallations

KSIEC 61000: Electromagnetic compatibility (EMC)

IEC 61535: Installation couplers intended for permanent connection in fixed installations

KS IEC 6143%: Low-voltage switchgear and controlgear assembli€art 6: Busbar trunking systems
(busway¥

IEC 61534: Powertrack systems.

KS IEC 61386Conduit systems for cable management.

IEC 61084: Cable trunking systems and cable ducting systems for electrical installations

IEC 61537: Cable managementable tray systems and cable ladder systems

KS IEC 60672 Boxes and enclosures for electrical accessories for household and similar fixed
electrical installations Part 22: Particular requirements for connecting boxes and enclosures

KS IEC 62824 Electric Cables

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

IEC 607021: Mineral insulated cables and their terminations with a rated voltage not exceeding 750
V- Part 1: Cables

KS IEC 6138&1: Conduit systems for cable managemedvdrt 21: Particular requirementsRigid
conduit systems

KS IEC 6138&4: Conduit systems for cable managemed®drt 24: Particular requirements

Conduit systems buried underground

KS IEC 60502L: Power cables with extruded insulation and their accessories for rated voltages from
1 kV (Um = 1,2 kV) up to 30 kV (Um = 36 k\Part 1: Cables for rated voltages of 1 kV (Um =1,2
kV) and 3 kV (Um = 3,6 kV)

KS IEC 60287Electric cables



KS IEC 609477: Low-voltage switchgear and controlgeaPart 7-1: Ancillary equipment Terminal
blocks for copper conductors

KS IEC 60998Connecting devices for lowoltage circuits for household and similar purpos@sart
1: General requirements

IEC 61535: Installation couplers intended for permanent connection in fixed installations

IEC 63172: Electrical accessoriesviethodology for determining the energy efficiency class of electrical
accessories

ISO 1182, titled "Reaction to fire tests for productdon-combustibility test

KS IEC 603321-2: Tests on electric and optical fibre cables under fire conditidPart 1-2: Test for
vertical flame propagation for a single insulated wire or caldRrocedure for 1 kW prenixed flame
KS IEC 603323: Tests on electric and optical fibre cables under fire conditions

KS IEC 61386Conduit systems for cable management

KS IEC 6143%: Low-voltage switchgear and controlgear assembliPart 6: Busbar trunking
systems (busways)

KS IEC 62305Protection against lightning

IEC 603644-411 Low-voltage electrical installations Protection for safety Protection against
electric shock

IEC 603645-521 Electrical installations of buildings Part 552: Selection and

KS ISO 810Geries: Lifts for the transport of persons and goods

IEC 62208: Empty enclosures for lexgltage switchgear and controlgear’'assembli€eneral
requirements

IEC 606692-1: Switches for household and similar fixed-electrical installatioRart 2-1: Particular
requirement$ Electronic switches.

IEC 609472: Lowvoltage switchgear and controlgeaPart 2: Circuitbreakers

IEC /TR62350: Guidance for the correct use of residual.curegerated protective devices (RCDs) for
household and similar use

IEC 62423: Type F and type B residual current operated chlogkers with and without integral
overcurrent protection for household and similar uses

IEC 62020: Electrical accessoriesResidual current monitors (RCMs)

IEC /TR 61641: Enclosed lewoltage switchgear and controlgear assembli€siide for testing
under conditions of arcing due to internal fault

IEC 62606: General requirements for arc fault detection and protection devices (AFDDs)

IEC 60269: Lowvoltage fuses

IEC 60269: Lowvoltage fuses

IEC 60947: Lowvoltage switchgear and controlgear

IEC HD 602692.: Low-voltage fuses Part 2: Supplementary requirements for fuses for use by
authorized persons-(fuses mainly for industrial applicatidBxamples of standardized systems of fuses
Ato K

IECHD 602693: Lowvoltage fusesPart 3: Supplementary requirements for fuses for operation by
unskilled persons (fuses mainly for household and similar applicati@xs)mples of standardized systems
of fuses Ato F

IEC 61643: Lowvoltage surge protective devices

IEC 61095: Electromechanical contactors for household and similar purposes

IEC 609473: Lowvoltage switchgear and controlgeaPart 3: Switches, disconnectors, swich
disconnectors and fuseombination units

IEC 606692-4: Switches for household and similar fixed electrical installatidhart 2-4: Particular
requirements Isolating switches

IEC 609476-1: Lowvoltage switchgear and controlgeaPart 6-1: Multiple function equipment
Transfer switching equipment

IEC 606692-2: Switches for household and similar fixed electrical installatidhart 2-2: Particular
requirements Electromagnetic remoteontrol switches (RCS)

IEC 60669: Switches for household and similar fixed electrical installations.



IEC 606692-6 : Switches for household and similar fixed electrical installatidPart 2-6: Particular
requirements Fireman's switches for exterior and interior signs and luminaires

IEC 615578: Electrical safety in low voltage distribution systems up to 1 000 V a.c. and 1 500 V d.c.
Equipment for testing, measuring or monitoring of protective measBag$ 8: Insulation monitoring

devices for IT systems

IEC 602691: Lowvoltage fuses Part 1: General requirements

IEC 603645-54: Lowvoltage electrical installations Part 5-54: Selection and erection of electrical
equipment Earthing arrangements and protective conductors

IEC 60949: Calculation of thermally permissible shkontcuit currents, taking into account neadiabatic
heating effects

IEC 61557: Electrical safety in low voltage distribution systems up to 1 000 V AC and 1 500 Egbipment
for testing, measuring or monitoring of protective measures

IEC 603092: Plugs, fixed or portable sockettlets and appliance inlets for industrial purposes

Part 2: Dimensional compatibility requirements for pin and contabe accessories

IEC 61727:2004: Photovoltaic (PV) systeim&haracteristics of the utility interface.

IEC 60309: Plugs, fixed or portable soclattlets and appliance inlets for industrial purposes
KSEAS495: 13 A plugs, socketutlets, adaptors and connection units

IEC 615582-5: Safety of transformers, reactors, power supply units and combinations thBaaof

2-5: Particular requirements and tests for transformers for shavers, power supply units for shavers
and shaver supply units

IEC 603201: Appliance couplers for household and similar.general purpoBest 1: General
requirements

IEC 603321-1:Tests on electric and optical fibre cables under fire conditidart 1-1: Test for vertical flame
propagation for a single insulatedwire or cablé&pparatus

IEC 605982-14: Luminaires’ Part 2-14: Particular requirements Luminaires for cold cathode
tubular discharge lamps (neon tubes) and similar equipment,

IEC 60570: Electrical supply track systems-for luminaires

IEC 61995: Devices for the connection of luminaires for household and similar purposes

IEC 61995: Devices for the connection of luminaires for household and similar purposes

IEC 619951: Devices for the connection.of luminaires for household and similar purgesed.: General
requirements

IEC 60598: Luminaires

IEC 61995:Devices for the connection of luminaires for household and similar purposes

IEC 608841: Plugs. and.socketutlets for household and similar purpogeBart 1: General
requirements

IEC 61048: Auxiliaries for lampsCapacitors for use in tubular fluorescent and other discharge lamp
circuits - General-and safety requirements

IEC 605982-13: Luminaires Part 2-13: Particular requirements Ground recessed luminaires

IEC 60623: Secondary cells and batteries containing alkaline or othenaiohelectrolytes Vented
nickelcadmium prismatic rechargeable single cells

IEC 620401: Uninterruptible power systems (UPSpart 1: Safety requirements

IEC 620403: Uninterruptible power systems (UPSart 3: Method of specifying the performance
and test requirements

IEC 607022 : Mineral insulated cables and their terminations with a rated volagjexceeding 750-\Part 2:
Terminations

IEC 603312: Tests for electric cables under fire conditie@rcuit integrity- Part 2: Test method for fire
with shock at a temperature of at least 830°C for cables of rated voltage up to and including 0,6/1,0 kV and with
an overall diameter not exceeding 20mm

IEC 603313: Tests for electric cables under fire conditie@rcuit integrity- Part 3: Test method for fire with
shock at a temperature of at least 830°C for cables of rated voltage up to and including 0,6/1,0 kV tested in a metal
enclosure

IEC 60228: Conductors of insulated cables



IEC 603311: Tests for electric cables under fire conditier@ircuit integrity - Part 1: Test method
for fire with shock at a temperature of at least 830°C for cables of rated voltage up to and including
0,6/1,0 kV and with an overall diameter exceeding 20 mm

IEC 60269: Lowvoltage fuses.

KS IEC 6138&4: Conduit systems for cable managenieRart 24: Particular requirements Conduit systems
buried underground.

KS IEC 60287Electric cables

IEC 60721: Classification of environmental conditions

IEC 60038:1983, IEC standard voltages

IEC 606641:1992, Insulation coordination for equipment within lowitage systems Part 1:
Principles,requirementsandtests

IEC 61008:Residual current operated circtireakers without integral overcurrent protection for
household and similar uses (RCCBSs)

IEC 61009:Residual current operated circtlireakers with integral overcurrent protection for
household and similar uses (RCBOs)

IEC 609474-1: Lowvoltage switchgear and controlgeaContactors and motestarters-
Electromechanical contactors and mokiarters

IEC 60898: Electrical accessorieLircuit-breakers for overcurrent protection for household and
similar installations

IEC 615579: Electrical safety in low voltage distribution systems up to 1 000 V AC and 1 500V DC
Equipment for testing, measuring or monitoring of protective measugegiipment for insulation
fault location in IT systems

IEC 61184: Bayonet lampholders

IEC 60238: Edison screw lampholders

IEC 6007914: Explosive atmosphere®art 14: Electrical installation design, selection and
installation of equipment, including initial inspection

IEC 605982-24: Luminaires Part 2-24: Particular requirements Luminaires with limited surface
temperatures

IEC 60204: Safety of machinerflectrical equipment of machines

KSKS IEC 6028+Electric cables Calculation of the current rating Part-1: Current rating
equations (100 % load factor) and calculation of lo§s&eneral
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CHAPTER 51: COMMON RULES
510 INTRODUCTION
510.1 General

This chapter deals with the selection of equipment and its erection. It provides common rules for compliance with
measures of protection for safety, requirements for proper functioning for intended use of the installation, and
requirements appropriate to the external influences.
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510.2 Everyitem of equipmenthallbe selectecanderectedso asto allow compliancewith the Sections
statedin this chapterandthe relevantSections in otherpartsof KS 662andshalltakeaccountofmanuf act ur er s
instructions.

511 COMPLIANCE WITH STANDARDS

511.1 Every item of equipment shall comply with the relevant requirements of the appli¢abjen
Standard, appropriate to the intended use of the equipment. The edition of the standard shall be the current edition,
with those amendments pertaining at a date to be agreed by the parties to the contract concerned (see Appendix 1).

Alternatively,if equipmentomplyingwith aforeignnationalstandarcbasedon anlEC Standards to beusedthe

designer or other person responsible for specifying the installation shall verify that any differences between that
standardandthe correspondindenyan Standardwill notresultin a lesserdegreeof safetythanthat afforded by
compliance with theKenyan Standard. Such use shall be recorded on the appropriate electrical certification
specified in Part 6. |

511.2 Where equipment to be used is not covered Kgmya Standard or is to be'used outsidescope |
of its standard the designeror other personresponsiblefor specifying the installation'shall confirm thatthe
equipmenprovidesat leastthe samedegreeof safetyasthataffordedby compliancewith the Sections. Such use
shall be noted and appended to the appropriate documentation specified in Part 6.

512 OPERATIONAL CONDITIONS AND EXTERNAL INFLUENCES

512.1 Operational conditions
512.1.1 Voltage

Everyitemof equipmenshallbesuitablefor thenominalvoltage(Wo) of theinstallationor thepartof theinstallation
concernedwherenecessaryakingaccounof the highestand/orlowestvoltagelikely to occurin normalserviceIn
an IT system, equipment shall be insulated for the nominal voltage between lines.

512.1.2 Current

Every item of equipment shall be suitalide
(i) thedesign currentaking intoaccount-anygapacitive andnductive effectsand

(i) the currentlikely to flow in abnormalconditionsfor such periodsof time as are determinedby the
characteristicsf the protectivedevicesconcerned.

512.1.3 Frequency

If frequencyhasan influenceonithe characteristic®f the equipmentthe ratedfrequencyof the equipmentshall
correspond to the nominal frequency of the supply to the coniterned.

512.1.4 Power

Every item of equipment selected on the basis of its power characteristics shall be suitable for the duty demanded
of the equipment.
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512.15 Compatibility

Everyitemof equipmenshallbeselectecanderectedsothatit will neithercauseharmfuleffectsto otherequipment
nor impair the supply during normal service including switching operations.

Switchgear, protective devices, accessories and other types of equipment shall not be connected to conductors
intended to operate at a temperature exceeding 70 °C at the equipment in normal service unless the equipment
manufacturehasconfirmedthatthe equipments suitablefor suchconditions,or theconductorsizeshallbechosen

based on the current ratings for 70 °C cables of a similar construction. S8edism 523.1 and Table 4A3.

Thedesignerof thefixed installationshallverify thattheinstalledfixed equipmentwhererelevant,s designecand |
manufactured in accordance with EMC Directive 2014/30/EU and, upon request, the responsible-personiffor the
fixed installation shall provide the required documentation as specified by EMC Directive 2014/30/EU. I

NOTE 1: Information on the parameters to be considered is given in Section 444. The level of detail of the documentation
may vary from very simple information to much more detailed documentation for complex. installations involving
important potential EMC aspects.

NOTE 2: The responsible person referred to in tBection is as defined in the relevant national legislation implementing
EMC Directive 2014/30/EU.In the UK, this is the ElectromagneticCompatibility Sections 2016. The responsible |
person is the installer.

NOTE 3: Whereinstallationsarecomposedolely of CE-markedequipmenplacedon the marketin conformity with the EMC
Directive, the responsible person satisfies the documentation requirements by.being able to provide, on request, the
instructions for installation, use and maintenance provided by the supplier of each item of equipment.

NOTE 4: Where the current rating is to be based on 70 °C, cuceenying capacities given in Tables 4D1 to 4D5 or 4H1 t
4H4 of Appendix 2may be used for 90 °C thermosetting insulated cables.

512.1.6 Impulse withstand voltage

Equipmenshallbe selectedsothatits impulsewithstandvoltageis atleastequalto therequiredminimumimpulse
withstandvoltageaccordingto theovervoltage categorgtthepointof installationasdefinedin Section443.

512.2 External influences

512.2.1 Equipment shall be of a design appropriate to the situation in which it is to be used or its mode of
installation shall take account of the conditions likely to be encountered.

512.2.2 If the equipment does nat, by its construction, have the characteristics relevant to the external
influences of its location, it may nevertheless be used on condition that it is provided with appropriate additional
protectionin theerectionof theinstallation.Suchprotectionshallnotadversehaffecttheoperatiorof theequipment

thus protected.

512.2.3 Where different externalinfluencesoccur simultaneouslythey may haveindependenbr mutual
effectsandthe degreeof protectionshallbe providedaccordingly.

512.2.4 The selection of equipment according to external influences is necessary not only for proper
functioning, but also for the reliability of the measures of protection for safety complying withSkeSens |
generally Measuresf protectionaffordedby the constructiorof equipmentarevalid only for the givenconditions

of external influence if the corresponding equipment specification tests are made in these conditions of external
influence.

NOTE:. Forthe purposeof theseSections, the following classesof externalinfluence are conventionallyregardedas

normal:

AA Ambienttemperature AA4

AB Atmospherichumidity AB4
Otherenvironmentatonditions XX1 of eachparameter

(AC to AS)

Utilization andconstruction { XX1 of eachparameterexcept
of buildings (B and C) XX2 for the parameter BC

513 ACCESSIBILITY

513.1 Except for a joint in cables where Section 526 allows such a joint to be inaccessible, every item of
equipmenshallbearrangedoasto facilitateits operationjnspectiorandmaintenancandaccesso eachconnection.
Such facility shall not be significantly impaired by mounting equipment in an enclosure or a compartment.
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514 IDENTIFICATION AND NOTICES
514.1 General

514.1.1 Exceptwherethereis no possibility of confusion alabelor othersuitablemeansof identificationshall

be providedto indicatethe purposeof eachitem of switchgeamndcontrolgearWherethe operatorcannotobserve

the operation of switchgear and controlgear and where this might lead to danger, a suitable indicator complying,
where applicable, witEEC 60073ndIEC 60447 shall be fixed in a position visible to the operator.

514.1.2 Sofar asis reasonablyracticablewiring shallbesoarrangedr markedthatit canbeidentifiedfor
inspection, testing, repair or alteration of thstallation.

514.1.3 Except where there is no possibility of confusion, unambiguous marking shall be provided-at the
interfacebetweenconductorsdentified in accordancevith theseSections and conductorsdentified to previous
versions of th&Sections.

NOTE: Appendix7 givesguidanceon howthis canbeachieved.

514.2 Not used
514.3 Identification of conductors
514.3.1 Exceptwhereidentificationis notrequiredby Section 514.6,coresof cablesshallbeidentifiedby:

(i) colourasrequired bySection514.4and/or
(ii) lettersand/ornumbersasrequiredby Section 514.5. |

514.3.2 Every core of a cable shall be identifiable at its terminations and preferably throughout its length.
Binding and sleeves for identification purposes shall comply MBHEC 60684 where appropriate. |
514.4 Identification of conductors by colour

514.4.1 Neutral or midpoint conductor

Wherea circuitincludesa neutralor midpointconduectoridentified by colour,the colourusedshallbeblue.

514.4.2 Protective conductor

The bicolour combination greeandyellow shall be used exclusively for identification of a protective conductor

and this combination shall not be used for any-other purpose. In this combination one of the colours shall cover at
least 30 % and at most 70 % of the surface being coloured, while the other colour shall cover the remainder of the
surface.

Singlecorecablesdentifiedby greenandyellow throughoutheirlengthshallonly beusedasa protectiveconductor |
andshall not be overmarked at their terminations, excepeasitted bySection 514.4.3.

A bareconductoror busbamsedasa protectiveconductorshallbeidentified, wherenecessaryhy equalgreenand
yellow stripes, each not less than 15 mm and not more than 100 mm wide, close together, either throughout the
length of the conductor or in each compartment and unit and at each accessible position.
514.4.3 PEN conductor
A PENconductor'shall, when insulated, tmarked by one of the followingiethods:
(@) Greenandyellow throughoufts lengthwith, in addition,blue markingsattheterminations
(i) Bluethroughouits length,with greerandyellow markingsat theterminations.

514.4.4 Other conductors
Otherconductorshallbeidentifiedby colourin accordancevith Table51.
514.4.5 Thesinglecolourgreenshallnot be usedfor theidentificationof: |
(i) live conductorsn powercircuits |
|
|

(i) protectiveconductors
(iif)  functional earthing and bondirgpnductors.
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514.4.6 Bare conductors

A bareconductorshall beidentified, wherenecessaryy the applicationof tape,sleeveor disc of the appropriate
colourprescribedn Table51 or by paintingwith sucha colour.

514.5 Identification of conductors by letters and/or numbers

514.5.1 Theletteringor numberingsystemappliesto identificationof individual conductorandof conductors

in a group. The identification shall be clearly legible and durable. All charactersshall be in strongcontrastto [ |

the colour of the insulation. The identification shall be given in letters and/or Arabic numerals. In order to/avoid
confusion, unattached numerals 6 and 9 shall be underlined.

514.5.2 Protective conductor

Conductorsvith greenandyellow colouridentificationshallnotbe numberedtherthanfor the purposeof circuit
identification.

514.5.3 Alphanumeric
The preferredalphanumerisystemis describedn Table51.

51454 Numeric
Conductorsnaybeidentifiedby numbersthe number0 beingreservedor the neutralor midpointconductor.

514.6 Omission of identification by colour or marking

514.6.1 Identificationby colouror markingis notrequiredfor:
(i) concentricconductorof cables
(i) metalsheathor armourof cablesvhen usedsa protectiveconductor
(i)  bareconductoravherepermanenidentificationis notpracticable
(iv) extraneousonductivepartsusedasa protectiveconductor
(v) exposeeconductivepartsusedasa protectiveconductor.
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TABLE 511 ldentification of conductors

Function Alphanumeric Colour

Protective conductors Greenandyellow
Functionakarthingconductor Cream

AC power circuit @
Line of singlephasecircuit L Brown
Neutralof single or threephasecircuit N Blue
Line 1 of threephase AC circuit L1 Brown
Line 2 of threephaseAC circuit L2 Black
Line 3 of thregphaseAC circuit L3 Grey

Two-wire unearthed DC power circuit
Positive of twewire circuit L+ Brown
Negative of twewire circuit L- Grey

Two-wire earthed DC power circuit

Positive (of negative earthed) circuit L+ Brown
Negative(of negativesarthedyircuit® M Blue
Positive (of positive earthed) circdit M Blue
Negative (of positive earthed) circuit L- Grey

Three-wire DC power circuit

Outerpositiveof two-wire circuit derivedfrom L+ Brown
threewire system

Outernegativeof two-wire circuit derivedfrom L- Grey
threewire system

Positive of threewire circuit L+ Brown
Mid-wire of threewire circuit?®) M Blue
Negative of threavire circuit L- Grey

Control circuits, ELV and other applications

Line conductor L Brown, Black, RedOrange,
Yellow, Violet, Grey, White,
Pink orTurquoise

Neutral or midwire® NorM Blue

NOTE: ® Powercircuitsincludelighting circuits.
@'Mridentifies eithethemid-wire ofa threewire DC circuit,or theearthecconductor of twowire earthed DQircuit.
@’ Only themiddlewire of threewire circuitsmaybeearthed.
) An earthedPELV conductoiis blue.



514.7 Not used

514.8 Identification of a protective device

514.8.1 A protectivedevice shall be arrangedand identified so that the circuit protectedmay be easily
recognized.

514.9 Diagrams and documentation

514.9.1 A legible diagram, chart or table or equivalent form of information shall be provided indicating in
particular:

(i) the type and composition of each circuit (points of utilization served, number and size of conductors, type
of wiring), and

(i) the method used for compliance wilaction 410.3.2,and

(i) the information necessaryor the identification of eachdevice performingthe functionsof protection,
isolationand switching, ands location,and

(iv) anycircuit orequipment vulnerable tihe electricatestsasrequiredby Part6.

For simpleinstallationsthe foregoinginformation may be given in a schedule. A durableopyof the schedule
relating to a distribution board shall be provided within or adjacent to each distribution-board.

Any symbol used shall comply witkEC 60617. |
514.10 Warning notice: voltage

514.10.1 Every item of equipment or enclosure within which-a nominal voltage exceeding 230 volts to earth
exists and where the presence of such a voltage would notinormally be expected, shall be so arranged that before
access is gained to a live part, a warning of the maximum‘voltage to earth present is clearly visible.

514.11 Warning notice: isolation

514.11.1 A notice of such durable material as:to be likely to remain easily legible throughout the life of the
installationshall be fixed in eachpositionwheretherearelive partswhich are not capableof beingisolatedby |

a single device. The location of each disconnector-(isolator) shall be indicated unless there is no possibility of
confusion.

514.12 Notices: periodic inspection and testing

514.12.1 A notice of such_durable material as to be likely to remain easily legible throughout the life of the
installation shall be fixed in a prominent position at or near the origin of every installation upon completion df the
work carried out in accordance with Chapter 64 or 65. The notice shall be inscribed in indelible characters not
smaller than those illustrated here and shall read as follows:

IMPORTANT

This installation should be periodically inspected and tested ant
a‘report on its condition obtained, as prescribed iK#meyan
standardKS 662Requirements for Electricistallations.

Dateof lastinspection......................

Recommendedateof nextinspection...................
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514.12.2 Whereaninstallationincorporate@n RCD a noticeshallbefixed in a prominentpositionat or near

each RCD in the installatiohe notice shall be inscribed in indelible characters not smaller than those illustrated

here and shall read as follows:

This installation, or part of it, is protected by a device whif
automatically switches off the supply if an earth fault develoj
Testsixmont hly by pressingr tdhee
device should switch off the supply and should then be switch
on to restore the supply. If the device does not switch off 1
supply when the button is pressed, seek expert advice.

NOTE: Testingfrequencie®f RCDsin temporaryinstallationsmayneedincreasing.

514.13 Warning notices: earthing and bonding connections

514.13.1 A durablelabelto IEC 60364with thewords'SafetyElectricalConnectioni Do Not Removeshallbe|

permanenthyfixed in avisible positionat or near:
(i) the point of connection of every earthing conductor to an earth elecamdle,
(i) the point of connection of every bonding conductor.to an extraremmductivepart,and
(iii) the main earthing terminal, where separate from saitchgear.

514.13.2 WhereSection 418.2.50r 418.3applies thewarningnoticespecifiedshallbe durablymarkedin
legibletype not smaller than that illustrated here-and shall reéallews:

The protective bonding conductors associated with the electr
installation in this loeation MUST NOT BE CONNECTED TC
EARTH.

Equipment _having exposeambnductiveparts connected to earth
must not be brought into this location.

514.14 Warning notice: non-standard colours

514.14.1 If wiring additions or alterations are made to an installation such that some of the wiring complies

with Section514.4 but thereis alsowiring to a previousversionof theseSections, a warning notice shall be

affixed at or near the appropriate distribution board with the following wording:

CAUTION

This installation has wiring colours to two versionsk$ 662
Great care should be taken before undertaking extens
alteration or repair that all conductors are correctly identified.
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514.15 Warning notice: alternative supplies

514.15.1 Whereaninstallationincludesalternativeor additionalsourcef supply,warningnoticesshall be
affixed atthefollowing locationsin theinstallation:

(i) At the origin of theinstallation

(ii) At the meter position, if remote from tlogigin
(i) At the consumeunit or distributionboard towhich the alternativer additionalsourcesareconnected
(iv) At all pointsof isolationof all sourcef supply.

The warning notice shall be durably marked in legible type not smaller than that illustrated here and shall rer as
follows:

WARNING i MULTIPLE SUPPLIES
Isolateall electricalsuppliesbeforecarryingout work.
Isolatethe mainssupplyat ... e,

Isolatethe alternativesuppliesat .............uove bl i

514.16 Notice: high protective conductor current

SeeSection 543.7.1.205.

515 PREVENTION OF MUTUAL DETRIMENTAL INFLUENCE
515.1 Prevention of mutual detrimental " influence

Electrical equipmentshall be selectedand erectedso asto avoid any harmful influence betweenthe electrical
installationandanynontelectricalinstallationsenvisaged.

NOTE: ForEMC see Section332and444.

515.2 Whereequipmentarryingcurrentof differenttypesor at differentvoltagess groupedn acommon
assembly(suchasaswitchboarda cubicleor a controldeskor box), all theequipmenbelongingto any onetypeof
currentor anyonevoltageshallbeeffectivelysegregatedherevemecessario avoidmutualdetrimentainfluence.

The immunity levels of equipment shall be chosen taking into actberglectromagnetic disturbances that can
occur when connected and erected as for normal use, and taking into account the intended level of continuity of
servicenecessaryor the application.Seethe specificequipmentstandardor the relevantpart of KS IEC 61000 |
series.
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CHAPTER 52: SELECTION AND ERECTION OF WIRING SYSTEMS

520 INTRODUCTION
520.1 Scope

This chapterdealswith theselectionand erectiorf wiring systems. |
NOTE: TheseSections also apply in general to protective conductors. Chapter 54 contains further requirements for those

conductors.
520.2 Not used
520.3 Not used
520.4 General

Consideratiorshallbe givento the applicationof the fundamentaprinciplesof Chapterl3 asit appliesto:
(i) cablesandconductors
(i) theirconnectionsterminationsand/orjointing
(i) theirassociatedupportsor suspensiongnd
(iv) theirenclosureor method=of protectionagainstexternalinfluences.

521 TYPES OF WIRING SYSTEM

The requirements ofections 521.1 to 521.201 do not apply .to busbar and powertrack systems coverefl by
Section521.4.

521.1 Theinstallationmethodof awiring systemin relationto thetypeof conductoror cableusedshallbe
in accordance witffable 4A1 ofAppendix 2 provided the external influences are taken into account according to
Section 522.

521.2 Theinstallationmethodof awiring systemin relationto the situationconcerneghallbein accordance
with Table4A2 of Appendix 2 Othermethodofinstallationof cablesandconductorsiotincludedin Table4A2 are
permitted provided that they fulfil the requirements of this chapter.

521.3 Examples of wiring systems,excluding systemscovered by Section 521.4, are shown in

Table 4A2. Table 4A2 gives examples.of installation methods of cables including reference method for obtaining
currentcarrying capacity where-it is‘considered that the same ctreenting capacities can safely be used. It is

not implied that such methods must be employed or that other methods are prohibited.

521.201 Prefabricatedviring systemsntendedfor permanentonnectionin fixed installationsncorporating
installationcouplersconformingto IEC 61535,shallcomplywith IEC 61535

521.4 Busbar trunking systems and powertrack systems

A busbar trunking system shall comply wit§ IEC 614396 and a powertrack system shall comply with the
appropriate part.of thEEC 61534 seriesA busbar trunking system or a powertrack system shall be installed in

accordance with the manufacturerés i nstAppendixdons, taki
5215 AC circuits: electromagnetic effects |
521.5.1 Ferromagnetic enclosures: electromagnetic effects

Theconductorf anAC circuitinstalledin a ferromagnetienclosure shall be arrangsd thatall line conductors |
andtheneutralconductorjf any,andtheappropriaterotectiveconductorarecontainedvithin the sameenclosure.

Wheresuchconductorentera ferrousenclosurethey shallbe arrangedsuchthatthe conductorsareonly collectively
surrounded by ferromagnetic material.

These requirements do not preclude the use of an additional protective conductor in parallel with the steel wire
armouring of a cable where such is required to comply with the requirements of the app®gcigdas in
Chapters 41 and 54. It is permitted for such an additional protective conductor to enter the ferrous enclosure
individually.
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521.5.2 Singlecorecablesarmoured witrsteel wire orsteel tape shatiot be usedor anAC circuit. |

NOTE: The steel wire or steel tape armour of a sifggiee cable is regarded as a ferromagnetic enclosure. For-corgle
armoured cables, the use of aluminium armour may be considered.

521.5.201 Electromechanical stresses

Every conductor or cable shall have adequate strength and be so installed as to withstand the electromechanical
forces that may be caused by any current, including fault current, it may have to carry in service.

521.6 Conduit, ducting, trunking, tray and ladder systems

Two or more circuits are allowed in the same conduit, ducting or trunking system provided the requirements of
Section 528 are met.

Cable conduits shall comply with the appropriate part oKiEBdEC 61386series, cable trunking or 'ducting shall
comply with the appropriate part of tHeC 61084series and cable tray and ladder systems shall complyiEGth
61537.

521.7 Multicore cables: two or more circuits
Two or morecircuitsareallowedin the samecableprovidedtherequirement®f Section528aremet.
521.8 Circuit arrangements

521.8.1 Each part of a circuit shall be arranged such that the conductors are not distributed over different
multicore cables, conduits, ducting systems, trunking systems or tray-or ladder systems.

Thisrequiremenheednot be metwherea numberof multicorecablesforming onecircuit, areinstalledin parallel.
Where multicore cables are installed in parallel each cable-shall'contain one conductor of each line.

521.8.2 Theline andneutralconductor®f eachfinal circuit shallbeelectricallyseparatérom thoseof every
other final circuit, so as to prevent the indirect energizing.of afinal circuit intended to be isolated.

521.8.3 Where two or more circuits are terminatedin a single junction box this shall comply with
KS IEC 6067622,

521.9 Use of flexible cables

521.9.1 A flexible cableshall be usedfor fixed wiring only wherethe relevantprovisionsof the Sections

are met. Flexible cables used forfixed wiring shall be of the heavy duty type unless the risk of damage during
installation and service, due to impact or other mechanical stresses, is low or has been minimized or protection
against mechanical damage is provided.

NOTE: Descriptionf light, ordinaryandheavyduty typesaregivenin KS IEC 62821 |

521.9.2 Equipmenthatis intendedo bemovedin useshallbe connectedy flexible cablesgxceptequipment
supplied by contaatils:

521.9.3 Stationaryequipmentwhich is movedtemporarily for the purposesof connecting,cleaningetc.,
e.g. cookers or flusmounting units for installations in false floors, shall be connectedfieitible cable. If the
equipment is not'subject to vibration then #ftaxible cables may be used.

521.10 Installation of cables

521.10.1 Non-sheathedcablesfor fixed wiring shall be enclosedin conduit, ducting or trunking. This
requirementoesnot applyto a protective conduct@omplying with Sectiorb43.

Non-sheathedablesarepermittedif the cabletrunking systemprovidesatleastthe degreeof protectionlPXXD or
IP4X, and if the cover can only be removed by means of a tool or a deliberate action.

NOTE: Foracabletrunkingsystemto meetlP4X requirementsiP4X trunkingandrelatedsystemcomponentsvould needto
beinstalled.If asystemincludessite-fabricatedoints theinstallermustconfirm thecompletedtem meetsat leastthe
degree of protection IPXXD.

521.10.201 A bare liveconductorshallbeinstalled oninsulators.

25



521.10.202 Wiring systemshallbesupportedsuchthattheywill notbeliableto prematurecollapsen theevent
of afire.

NOTE 1: Wiring systemdangingacrossacces®r egressoutesmay hinderevacuatiorandfirefighting activities.
NOTE 2: Cablesinstalledin or on steelcablecontainmensystemsaredeemedo meettherequirementsf this Section.

NOTE 3: This Section precludes, for example, the use of sroetallic cable clips or cable ties as the sole means of support
where cables are clipped direct to exposed surfaces or suspended under cable tray, and the-osadficoable
trunking as the sole means of support of the cables therein.

NOTE 4: Suitablyspacedsteelor copperclips, saddler tiesareexampleghatwill meettherequirementsf this Section.

522 SELECTION AND ERECTION OF WIRING SYSTEMS IN RELATION TO EXTERNAL
INFLUENCES

The installation method selected shall be such that protection against the expected external influences is provided
in all appropriatepartsof thewiring system Particularcareshallbe takenat changesn directionandwherewiring
enters into equipment.

NOTE: Theexternalinfluencescategorizedn Appendix 3which are of significanceto wiring systemsareincludedin this

section.
522.1 Ambient temperature (AA)
522.1.1 A wiring system shall be selected and erected so as to be suitable for the highest and lowest local

ambient temperatures and so that the limiting temperature in normal operation (see Table 52.1) and the ljmiting
temperature in case of a fault (see Table 43.1) will not be exceeded.

522.1.2 Wiring systemcomponentsjncluding cablesandwiring accessoriesshall only be installed or
handledattemperaturewithin thelimits statedn therelevantproductspecificatioror asgivenby themanufacturer.

522.2 External heat sources

522.2.1 In order to avoid the effects of heat from external sources, one or more of the following methods or
an equally effective method shall be used to protect a wiring system:
(i) Shielding
(i) Placingsufficiently far from the sourceof heat
(i)  Selecting a system with due regard for the additional temperature rise whiatouay
(iv) Local reinforcement or substitution of insulatimaterial.
NOTE: Heat from externasourcesnay beradiated, conducteor convectede.qg.:
- from hot watersystems
- from plant,appliancesindluminaires
- from a manufacturingrocess

- through-heat conductingaterials
- fromsolar-gain of the wiringystem or itsurroundingnedium.

522.2.201 -Partsof a cable within an accessory, appliance or luminaire shall be suitable for the temperatures
likely to be encounteredasdeterminedn accordancevith Section 522.1.1,or shall be providedwith additional
insulation suitable for those temperatures.

522.3 Presence of water (AD) or high humidity (AB)

522.3.1 A wiring systenmshallbeselectedanderectedsothatno damages causedy condensatioor ingress
of waterduringinstallation,useandmaintenanceThe completedwiring systemshallcomplywith the IP degreeof
protection (se&S IEC 60529 relevant to the particular location. |

NOTE: Special consideratiorapplyto wiring systemdiable to frequentsplashingjmmersionor submersion.

522.3.2 Wherewatermay collector condensatiomayform in awiring system provisionshallbe madefor
its escape.
522.3.3 Where a wiring system may be subjected to waves (AD6), protection against mechanical damage

shall be afforded by one or more of the methodSexftions 522.6 to 8.
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522.4 Presence of solid foreign bodies (AE)

522.4.1 A wiring systenshallbeselectedanderectedsoasto minimizethedangerarisingfrom theingressof
solid foreign bodies.The completedwiring systemshall comply with the IP degreeof protection(seeKS IEC |
60529 relevant to the particular location.

522.4.2 In alocationwheredustin significantquantityis presen{AE4), additionalprecautionshallbetaken
to prevent the accumulation of dust or other substances in quantities which could adversely affect heat dissipation
from the wiring system.

NOTE: A wiring system whicHacilitatesthe removabf dustmay benecessary (segection529).
522.5 Presence of corrosive or polluting substances (AF)

522.5.1 Where the presence of corrosive or polluting substances, including water, is likely to give rise to
corrosionor deteriorationpartsof thewiring systenlikely to beaffectedshallbesuitablyprotectecdbr manufactured
from a material resistant to such substances.

NOTE: Suitableprotection forapplication during erectiomay include protectiveapes, painter grease.

522.5.2 Dissimilar metals liable to initiate electrolytic action shall not be placed.in contact with each other,
unless special arrangements are made to avoid the consequences of such contact.

522.5.3 Materials liable to cause mutual or individual deterioration or-hazardous degradation shall not be
placed in contact with each other.

522.6 Impact (AG)

522.6.1 Wiring systemsshallbe selectecanderectedsoasto'minimizethe damagearisingfrom mechanical

stress, e.g. by impact, abrasion, penetration, tension or compression during installation, use or maintenance.

522.6.2 In afixed installationwhereimpactsof mediumseverity(AG2) or high severity(AG3) canoccur
protectionshallbe affordedby:

(i) themechanicatharacteristicef thewiring systemgr
(i) the location selectedy
(i) the provision of additional local or.general protection against mechanical dasnage,
(iv) any combination of thabove.
NOTE: Examplesareareaswvheretheflooris likely to be penetrate@ndareasusedby forklift trucks.

522.6.3 Notused

522.6.4 The degree.of protection of electrical equipment shall be maintained after installation of the cables
and conductors.

522.6.201 A cableinstalledunderafloor or abovea ceiling shallberunin sucha positionthatit is notliable to
be damaged by contact with the floor or ceiling or their fixings.

A cable passingthrougha joist within a floor or ceiling constructionor througha ceiling support(e.g. under
floorboards), shall:

(), beinstalledatleast50 mmmeasuredertically from thetop, or bottomasappropriatepf thejoist or batten,
or

(i)  comply withSection 522.6.204.

522.6.202 A cable installed in a wall or partition at a depth of less than 50 mm from a surface of the wall or
partition shall:

(i) beinstalledin azonewithin 150mmfrom thetop of thewall or partitionor within 150mm of anangleformed
by two adjoiningwalls or partitions.Wherethecableis connectedo apoint,accessorgr switchgeaonany
surface of the wall or partition, the cable may be installed in a zone either horizontally or vertically, to the
point, accessorpr switchgearWherethe locationof the accessorypoint or switchgeaicanbe determined
from the reverseside, a zoneformed on one side of a wall of 100 mm thicknessor lessor partition of
100 mm thickness or less extends to the reverse side, or

(i) comply withSection 522.6.204.

Whereindent(i) but notindent(ii) applies,the cableshallbe providedwith additionalprotectionby meansof an
RCD havingthecharacteristicspecifiedin Section415.1.1.
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522.6.203 Irrespectiveof its burieddepth,a cableconcealedn awall or partition, theinternalconstructiornof
whichincludesmetallic parts,otherthanmetallicfixings suchasnails,screwsandthelike, shall:

(i) beprovidedwith additionalprotectionby mean®f anRCD havingthecharacteristicspecifiedn Section
415.1.10r

(i) comply withSection 522.6.204.

For a cableinstalledat a depthof lessthan 50 mm from the surfaceof a wall or partition the requirementf
Section 522.6.202(i) shall also apply. |

522.6.204  Forthepurpose®f Section’522.6.201(ii) Section 522.6.202(iijandSection 522.6.203(ii), a cable
shall:
(i) incorporatean earthedmetallic coveringwhich complieswith the requirementf theseSections for a
protectiveconductorof the circuit concernedthe cablecomplyingwith IEC 607021, or

(i) be installed in earthed conduit complying wi{B IEC 6138621 and satisfying the requirements‘of these
Sections for a protective conductor, or

(i) beenclosedn earthedrunkingor ductingcomplyingwith IEC 61084 2-1 andsatisfyingtherequirements of
theseSections for a protective conductor, or

(iv) be providedwith mechanicaprotectionagainstdamagesufficientto preventpenetratiorof the cableby
nails,screwsandthelike, or

(v) form partof aSELV or PELV circuit meetingtherequirement®f Section 414.4.
522.7 Vibration (AH)

522.7.1 A wiring system supported by or fixed to a structure or equipment subject to vibration of medium
severity (AH2) or high severity (AH3) shall be suitable for.such. conditions, particularly where cables and cable
connections are concerned.

522.7.2 Forthefixed installationof suspendedurrentusingequipmente.g.luminaires,connectiorshallbe
madeby cablewith flexible cores Whereno vibration or movementanbe expectedcablewith non-flexible cores
may be used.

522.8 Other mechanical stresses (AJ)

522.8.1 A wiring system shall be selected and erected to avoid during installation, use or maintenance,
damage to the sheath or insulation.of ‘cables and their terminations. The use of any lubricants that can have a
detrimental effect on the cable or'wiring system are not permitted.

522.8.2 Where buried. in.the structure, a conduit system or cable ducting system, other thanir@gpre
conduitassemblyspecificallydesignedor theinstallation shallbecompletelyerectedetweeraccespointsbefore
any cable is drawn in.

522.8.3 The radius of every bend in a wiring system shall be such that conductors or cables do not suffer
damage and terminations are not stressed.

522.8.4 Where.conductors or cables are not supported continuously due to the method of installation, they
shall be supported by suitable means at appropriate intervals in such a manner that the conductors or cables do not
suffer damage by their own weight.

522.8.5 Everycableor conductorshallbesupportedn suchaway thatit is notexposedo unduemechanical
strain and so that there is no appreciable mechanical strain on the terminations of the conductors, account being
taken/of mechanical strain imposed by the supported weight of the cable or conductor itself.

NOTE: Consumer uniinetertails areincludedin therequirement®f this Section. |

522.8.6 A wiring systenmintendedor thedrawingin or outof conductor®r cableshallhaveadequateneans

of access to allow this operation.

522.8.7 A wiring system buried in a floor shall be sufficiently protected to prevent damage caused by the
intended use of the floor.

522.8.8 Notused

522.8.9 Notused
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damage, a cable buried in the ground shall incorporate an earthed armour or metal sheath or both, suitable for use
as a protective conductdrhe location of buried cables shall be marked by cable covers or a suitable marker tape.
Buriedconduitsandductsshallbesuitablyidentified.Buriedcablesconduitsandductsshallbeata sufficientdepth

to avoid being damaged by any reasonably foreseeable disturbance of the ground.

NOTE: KS IEC 6138624 is thestandard foundergroundonduits.

522.8.10 Exceptwhereinstalledin a conduitor ductwhich providesequivalentprotectionagainstmechanical ‘{

522.8.11 Cablesupportsandenclosureshallnot havesharpedgediable to damagehewiring system.
522.8.12 A cableor conductorshallnot be damagedy the meansof fixing.

522.8.13 Cables, busbars and other electrical conductors which pass across expansion joints shall be so
selected or erected that anticipated movement does not cause damage to the electrical equipment.

522.8.14 No wiring system shall penetrate an element of building construction which is intended to be load
bearing unless the integrity of the leladaring element can be assured after such penetration.

522.9 Presence of flora and/or mould growth (AK)
522.9.1 Wheretheconditionsexperiencer expectectonstitutea hazard AK2), thewiring systenmshallbe
selected accordingly or special protective measures shall be adopted.

NOTE 1: An installationmethodwhich facilitatesthe removalof suchgrowthsmaybe necessaryseeSection529).

NOTE 2: Possiblegpreventivemeasureareclosedtypesof installation(conduitor channel) maintainingdistanceso plantsand
regular cleaning of the relevant wiring system.

522.10 Presence of fauna (AL)
522.10.1 Where conditions experienced or expected constitute a hazard (AL2), the wiring system shall be
selected accordingly or special protective measures shall be adopted, for example, by:
(i) themechanicatharacteristicef thewiring systemor
(i) the location selectedy
(i) the provision of additional local or general protection against mechanical dasnage,
(iv) any combination of thabove.

522.11 Solar radiation (AN) and\ultraviolet radiation

522.11.1 Wheresignificantsolarradiation(AN2) or ultravioletradiationis experiencear expecteda wiring
system suitable for the conditions shall be selected and erected or adequate shielding shall be provided. Special
precautions may need to be taken for equipment subject to ionising radiation.

NOTE: SeealsoSection522.2.1 dealing with temperaturise.
522.12 Seismic effects (AP)

522.12.1 Thewiring systenshallbeselectedainderectedvith dueregardto theseismichazardof thelocation
of the installation.

522.12.2 Wheretheseismichazardexperiencearelow severity(AP2) or higher,particularattentionshallbe
paid to'the following:

(i) “Thefixing of wiring systemgo the building structure

(i) \Theconnectionbetweerthefixed wiring andall itemsof essentiabquipmente.g.safetyservicesshallbe
selected for their flexible quality.

522.13 Movement of air (AR)
522.13.1 SeeSection 522.7,Vibration (AH), andSection 522.8,0thermechanicabtresse$AJ).
522.14 Nature of processed or stored materials (BE)

522.14.1 See Section527, Selectionand erectionof wiring systemsto minimize the spreadof fire and
Section 422, Precautions where particular risks of fire exist.

522.15 Building design (CB)

522.15.1 Where risks due to structural movement exist (CB3), the cable support and protection system
employed shall be capable of permitting relative movement so that conductors and cables are not subjected to
excessive mechanical stress.
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522.15.2 Foraflexible structureor astructureintendedo move(CB4), aflexible wiring systenmshallbeused.
523 CURRENT-CARRYING CAPACITIES OF CABLES

523.1 The current, including any harmonic current, to be carried by any conductor for sustained periods
duringnormaloperationshallbe suchthatthe appropriateéemperaturdimit specifiedin Table52.1is notexceeded.

The value of current shall be selected in accordanceSeittion 523.2, or determined in accordance vtbction

523.3.

TABLE 52.17 Maximum operating temperatures for types of cable insulation

Type of insulation Temperature limit @
Thermoplastic 70 °C at theconductor
Thermosetting 90 °C at theconducto?
Mineral (Thermoplastic covered or bare exposemuch) 70 °C at thesheath
Mineral (barenot exposedo touchandnotin contactwith combustible 105°C atthesheath¢
material)

aThemaximumpermissibleconductoitemperaturegivenin Table52.1onwhichthetabulateccurrentcarryingcapacities
given inAppendix 2are based, have been taken fi@@@ 605021 andIEC 607021 and are shown on these tables in
Appendix 2

bWherea conductoroperatest atemperaturexceeding’0 °C it shallbe ascertainethatthe equipmentonnectedo the
conductor is suitable for the resulting temperature at the connection.

¢ Formineralinsulatedcableshigheroperatingtemperaturemay be permissibledependentponthetemperatureating of
thecable,its terminationsthe environmentatonditionsandotherexternalinfluences.

NOTE: Forthetemperaturdimits for othertypesof insulation,referta cablespecificationor manufacturer.

523.2 Therequiremenbf Section 523.1is consideredo be satisfiedif the currentfor non-sheathednd
sheathed cables does not exceed the appropriate values selected from the tables-oaoyingntapacity given
in Appendix 2with reference to Table 4A2, subject to any necessary rating factors.

NOTE: The currentcarrying capacities given in thettables are provided for guidance. It is recognized that there will be some
tolerancen thecurrentcarryingcapacitiesiependingn theenvironmentatonditionsandthe preciseconstructiorof
the cables.

523.3 The appropriatevalueof currentcarryingcapacitymay alsobe determinedasdescribedn KS IEC
60287seriesor by test, or by calculation using a recognized method, provided that the method is stated. Where
appropriate, account shall be taken, of the characteristics of the load and, for buried cables, the effective thermal
resistance of the soil.

523.4 Theambienttemperaturshallbe consideredo bethetemperatur®f the surroundingnediumwhen
the nonsheathed or sheathed cable(s) under consideration are not loaded.

523.5 Groups containing more than one circuit

Thegroupratingfactors seeTablesAC1to 4C60of Appendix 2 areapplicableto groupsof non-sheathear sheathed
cables having the same maximum operating temperature.

For groups-containing nesheathed or sheathed cables having different maximum operating temperatures, the
currentcarrying capacity of all the nesheathed or sheathed cables in the group shall be based on the lowest
maximum operating temperature of any cable in the group together with the appropriate group rating factor.

If, due to known operating conditions, a relmeathed or sheathed cable is expected to carry a current not greater
than30 % of its groupedcurrentcarryingcapacity,it maybeignoredfor the purposeof obtainingtherating factor
for the rest of the group.

523.6 Number of loaded conductors

523.6.1 The number of conductors to be considered in a circuit are those carrying load current. Where
conductors in polyphase circuits carry balanced currents, the associated neutral conductor need not be taken into
consideration. Under these conditions a foore cable is given the same curreatrying capacity as a three

core cable having the sameconductorcrosssectionalareafor eachline conductor.The neutralconductorshall

be considered as a loaded conductor in the case of the presence of third harmonic current or multiples of the third
harmonic presenting a total harmonic distortion greater than 15 % of the fundamental line current.
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523.6.2 Where the neutral conductor in a multicore cable carries current as a result of an imbalance in the
line currentsthetemperatureisedueto theneutralcurrentis offsetby thereductionin theheatgeneratedby oneor
more of the line conductors. In this case the conductor size shall be chosen on the basis of the highest line current.

In all cases the neutral conductor shall have a es8onal area adequate to afford compliance ®htion
523.1.

523.6.3 Where the neutral conductor carries current without a corresponding reduction in load of the line
conductors, the neutral conductor shall be taken into account in ascertaining theaargéng capacity of the
circuit. Suchcurrentamaybe causedy a significantharmoniccurrentin threephasecircuits. If thetotal harmonic
distortion due to third harmonic current or multiples of the third harmonic is greater than 15 % of the fundamental
line currentthe neutralconductorshallnot be smallerthantheline conductorsThermaleffectsdueto the presence

of third harmonic or multiples of third harmonic currents and the corresponding rating factors for-higher harmonic
currents are given iAppendix 2 section 5.5.

523.6.4 Conductors which serve the purpose of protective conductors only are not to be taken into
consideration. PEN conductors shall be taken into consideration in the same way as neutral conductors.

523.6.201 The tabulated currerttarrying capacities il\ppendix 2are based on the fundamental frequency
only and do not take account of the effect of harmonics.

523.7 Conductors in parallel

Wheretwo or morelive conductorsor PEN conductorsareconnectedn parallelin asystemgither:
(i) measureshallbe takerto achieve equdbadcurrent sharindpetweerthem

This requirements consideredo be fulfilled if the conductorsare of the samematerial, havethe samecross
sectionalarea, ar@pproximately thesame lengttand have ntranch circuitalong theidength, anckither:

(a) theconductorsn parallelaremulticorecablesor twistedsingle-corecablesor nonsheatheaablesor

(b) the conductors in parallel are nbmisted singlecore cables or nesheathed cables in trefoil or flat
formationandwherethe crosssectionakreais greatethan50 mn? in copperor 70 mn? in aluminium,
the special configuration necessary for such formations is adopted. These configurations consist of
suitable groupings and spacings-of the different lines or poles
or

(i) specialconsideratiorshallbe givento the loadcurrentsharing taneetthe requirementsf Section 523.1.
This Section doesnot precludethe useof'ring final circuitswith or without spurconnections.

Where adequate current sharing‘is not possible or where four or more conductors have to be connected in parallel
consideration shall be givento the use of busbar trunking.

523.8 Variation “of installation conditions along a route

Wheretheheatdissipationdiffers from onepartof arouteto anotherthecurrentcarryingcapacityof cablesateach |
part of the route shallbe appropriate for that part of the route.

523.9 Cables in thermal insulation

A cableshouldpreferablynotbeinstalledin alocationwhereit is liable to be coveredby thermalinsulation.Where

a cable is'to be run in a space to which thermal insulation is likely to be applied it shall, wherever practicable, be
fixed in a position such that it will not be covered by the thermal insulation. Where fixing in such a position is
impracticablethe crosssectionalareaof the cableshallbe selectedo meettherequirement®f Chapterd3. Where
necessary, the nature of the load (e.g. cyclic) and diversity may be taken into account. |

Foracableinstalledin athermallyinsulatedwall or abovea thermallyinsulatedceiling, the cablebeingin contact
with a thermally conductive surface on one side, cutantying capacities are tabulatedAippendix 2

For a single cable likely to be totally surrounded by thermally insulating material over a length of 0.5 m or more,
the currenfcarrying capacity shall be taken, in the absence of more precise information, as 0.5 times the current
carrying capacity for that cable clipped direct to a surface and open (Reference Method C).

Where a cable is to be totally surrounded by thermal insulation for less than 0.5 m thecarrgendg) capacity of
the cableshallbereducedappropriatelydependingon the sizeof cable,lengthin insulationandthermalproperties
of the insulation. The derating factors in Table 52.2 are appropriate to conductor sizes up té ibCtmermal
insulation having a thermal'éonductivity (&) greater
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TABLE 52.21 Cable surrounded by thermal insulation

Length in insulation (mm) Derating factor
50 0.88
100 0.78
200 0.63
400 0.51

523.201 Armoured single -core cables

The metallic sheaths and/or roragnetic armour of singleore cables in the same circuit shall nermally be
bondedogetheratbothendsof their run (solid bonding).Alternatively,the sheath®r armourof suchcableshaving
conductorof crosssectionalareaexceedings0 mm? andanonconductingoutersheathmaybe bondedogetherat
onepointin theirrun (singlepointbonding)with suitableinsulationatthe unbondedends,in whichcasethelength
of the cables from the bonding point shall be limited so that voltages from sheaths and/or armour to Earth:
(i) do not cause corrosion when the cables are carrying their full load current,for example by limiting the
voltage to 25 V, and

(i) donot causelanger or damage property wheithe cablesrecarrying shorgcircuit current.
524 CROSS-SECTIONAL AREAS OF CONDUCTORS

524.1 Thecrosssectionalkreaof eachconductoiin acircuit shallbenotlessthanthevaluesgivenin Table
52.3, except as provided for exdmwv voltage lighting installations accerding $&ction 715.524.201.

524.2 Neutral conductors

524.2.1 Theneutralconductorjf any,shallhaveacrosssectionabreanotlessthanthatof theline conductor:
(i) in singlephase, twewire circuits, whatever the crosgctionalarea
(i) in polyphaseandsinglephasehreewire circuits,wherethe sizeof theline conductorss lessthanor equal
to 16 mnd for copper, or 25 m#éfor aluminium
(iif) in circuitswhereit is requiredaccordingio Section’523.6.3.

524.2.2 If the total harmonic content due to triplen harmonics is greater than 33 % of the fundamental line
current,anincreasdn the crosssectionalareaof the neutralconductommay be required(seeSection 523.6.3and
Appendix 2 section 5.5).

524.2.3 For a polyphase_ circuit'where each line conductor has a-sesfional area greater than 16 fnm
for copper or 25 m#ifor aluminium, the neutral conductor is permitted to have a smaller-segtional area than
that of the line conductors provided'that the following conditions are simultaneously fulfilled: |

(i) Theexpectednaximumcurrentincludingharmonicsjf any,in theneutralconductorduringnormalservice
is notgreateithanthecurrentcarryingcapacityof thereduceccrosssectionakreaof theneutralconductor,
and
NOTE:. " The load carried by the circuit under normal service conditions should be practically equally

distributed betweenthe lines.

(i) theneutralconductoiis protectedagainstovercurrent@ccordingto Section 431.2,and

(i) the size of the neutral conductor is at least equal to 1&formopper or 25 m#for aluminium, account
being taken oBection 523.6.3.

TABLE 52.37 Minimum cross -sectional area of conductors

- L Conductor
Type of wiring system Use of thecircuit - -
Material Cross-sectionalareamm?
Non-sheathe@ndsheathed Lighting circuits Copper 1.0 (see Notd) |
cables
Aluminium 16 (see Not&) |
Powercircuits Copper 15
Aluminium 16 (see Not&) |
Signalling and contratircuits | Copper 0.5 (see Noté)
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Conductor

Type of wiring system Use of thecircuit - -
Material Crosssectionalareamm?
Bareconductors Powercircuits Copper 10
Aluminium 16 (see Not&)

Signalling and contratircuits | Copper 4
Non-sheathed ansheathed Foraspecificappliance Copper As specifiedin theproductstandard
flexible cables For any othempplication 0.7%

Extralow voltagecircuitsfor 0.75

special applications

(see Note?)

NOTE 1: In information technology, signalling and control circuits intended for electronic equipment a minimum cross
sectional area of 0.1 nfiis permitted.

NOTE 2: Forspecialrequirement$or ELV lighting seeSection715.
NOTE 3: Connectors used to terminate aluminium conductors shall be tested and approvedfor this specific use.
NOTE 4: Forlighting circuitsandassociategmallitemsof currentusingequipmentsuchasa bathroomextractorfan.

aln multicore flexible cables containing seven or more cores, Note 1 applies.

525 VOLTAGE DROPINC ON S UME RISTALLATIONS

525.1 In theabsencef any otherconsiderationyndernormalserviceconditionsthevoltageat the terminals
of any fixed currentising equipment shall be greater than the lower limit corresponding to the product standard
relevant to the equipment.

525.201 Wherefixed currentusing equipmentis not the subjectof a productstandardthe voltage at the
terminalsshallbe such asiotto impairthe safe functioningf thatequipment.

525.202 The above requirements are deemed to be satisfied if the voltage drop between the origin of the
installation(usuallythe supplyterminals)anda socketoutletor theterminalsof fixed currentusingequipmentoes
not exceed that stated Appendix 2 section 6.4«

525.203 A greater voltage drop than statedAppendix 2 section 6.4 may be accepted for a motor during
starting periods and for other equipment with high inrush currents, provided that it is verified that the voltage
variations are within the limits specified in the relevant product standard for the equipment or, in the absence of a

product standardy. i n accordance with the manufacturer
526 ELECTRICAL .CONNECTIONS
526.1 Every connection between conductors or between a conductor and other equipment shall provide

durable electrical continuity:and adequate mechanical strength and protection.
NOTE: SeeSection522.8i Other mechanicaitresses.

526.2 The selection othe meansf connection shaliake accountf, asappropriate:
() thematerial of theconductor and itfsulation
(i), thenumber anghape othe wiresforming theconductor
(iii) “thererosssectional area of theonductor
(iv) \thenumberof conductorgo be connectedogether

(v)” thetemperaturattainedattheterminalsin normalservicesuchthattheeffectivenessf theinsulationof the
conductors connected to them is not impaired

(vi) theprovisionof adequatdéocking arrangementi situationssubjectto vibrationor thermalcycling.
Wherea solderecconnections usedthe designshalltakeaccountof creep,mechanicastressandtemperaturgise
under fault conditions.
NOTE 1: ApplicablestandardéncludeKS IEC 609477, theKS IEC 60998seriesandIEC 61535.
NOTE 2: Terminalswithoutthemarkingé (odly rigid conductor)p fodly flexible conductor)p @r® s @mly&olidconductor) |

aresuitable forthe connectiorf all typesof conductors.
526.3 Everyconnectiorshallbeaccessibléor inspectiontestingandmaintenanceexcepfor thefollowing:
(i) Ajoint designed to be buried in tigeound
(i) A compoundfilled or encapsulatefbint
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(i) A connectionbetweena cold tail and the heatingelementasin ceiling heating,floor heatingor a trace
heatingsystem

(iv) Ajoint made by welding, soldering, brazing or appropriate compregsibn

(v) Jointsor connectiongnadein equipmenby themanufactureof theproductandnotintendedo beinspected
or maintained

(vi) Equipment complying withEC 63172for a maintenancéee accessory and marked with the
symbol and installed in accordance with the manuf ¢

526.4 Where necessary, precautions shall be taken so that the temperature attained by a connection in
normalserviceshallnotimpair the effectivenes®f theinsulationof the conductorconnectedo it or anyinsulating

material used to support the connectidfhere a cable is to be connected to a bare conductor or busbar.its type of
insulation and/or sheath shall be suitable for the maximum operating temperature of the bare conductor or busbar.

526.5 Every termination and joint in a live conductor or a PEN conductor shall be made within one of the
following or a combination thereof:

(i) A suitable accessory complying with the appropriate prostacdard
(i)  An equipment enclosure complying with the appropriate prostactdard
(iii)  An enclosurgartially formedor completedvith buildingmaterialwhichis non-combustiblevhentestedo

ISO 1182
526.6 Thereshallbeno appreciablanechanicabtrainon the connection®f-conductors.
526.7 Where a connectionis madein an enclosurethe enclosureshall provide adequatemechanical

protection and protection against relevant exteinfllences.

526.8 Cores of sheathed cables from which the sheath has been removed-sheéatbed cables at the
termination of conduit, ducting or trunking shall be enclosed as requir8ddiion 526.5.

526.9 Connection of multiwire, fine wire and very fine wire conductors

526.9.1 In orderto avoidinappropriateseparatioror spreadingf individual wires of multiwire, fine wire or
very fine wire conductors, suitable terminals shallbe used or the conductor ends shall be suitably treated.

526.9.2 Soldering(tinning) of thewhole conductorendof multiwire, fine wire andvery fine wire conductors
is not permittedif screwterminalsareused.

526.9.3 Soldered (tinned) canductor ends on fine wire and very fine wire conductors are not permissible at
connection and junction points’which are subject in service to a relative movement between the soldered and the
non-soldered part of the conductor.

527 SELECTION AND:ERECTION OF WIRING SYSTEMS TO MINIMIZE THE SPREAD OF
FIRE

527.1 Precautions within a fire -segregated compartment

527.1.1 Therisk of spreadf fire shallbeminimizedby theselectionof appropriatenaterialsanderectionin

accordance with SectidR7.
NOTE: | A fire-segregated compartment (fire compartment) is considered to be an enclosed space, which may be subdivided,
separated from adjoining spaces within a building by elements of construction having a specified fire resistance.

527.1.2 A wiring systemshall beinstalledsothat thegenerabuilding structural performancandfire safety
are notreduced.

527.1.3 Cablecomplyingwith, atleasttherequirement&S IEC 603321-2 maybeinstalledwithout
specialprecautions.

Where the firesegregated compartmemibvides a meansf evacuation iran emergency thehe cable shalneet
therequirement®f theappropriatgartof KS IEC 603323 series.

527.1.4 Cables not complying with the cable requirementsSettion 527.1.3shall be limited to short
lengths for connection of appliances to the permanent wiring system and shall not pass fromsegeciated
compartment to another.
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527.15 Products having the necessary resistance to flame propagation as specified$IE@ 61386
series,the appropriatepart of IEC 61084 series,KS IEC 614396, IEC 61534 series,IEC 61537 or IEC 60570 |
may beinstalledwithout specialprecautionsOtherproductscomplyingwith standard$iavingsimilar requirements
for resistance to flame propagation may be installed without special precautions.

527.1.6 Parts of wiring systems other than cables which do not comply, as a minimum, with the flame
propagationrequirementsas specifiedin the KS IEC 61386series,the appropriatepart of IEC 61084 series, |

KS IEC 614396, IEC 61534seriesor IEC 61537butwhich complyin all otherrespectwith therequirements of

their respective product standard shall, if used, be completely enclosed in suitaldemimrstible building
materials.

527.2 Sealing of wiring system penetrations

527.2.1 Whereawiring systempasseshroughelement®f building constructiorsuchasfloors, walls, roofs,

ceilings, partitions or cavity barriers, the openings remaining after passage of the wiring:system shall be sealed
according to the degree of firesistance (if any) prescribed for the respective element of building construction
before penetration.

This requirements satisfiedif the sealingof the wiring systemconcernechaspassed relevanttype testmeeting
therequirement®sf Section 527.2.3.

527.2.1.1 During the erection of a wiring system temporary sealing arrangements shall be provided as
appropriate.

527.2.1.2 During alteration work, sealingzhich hasbeen disturbedhall be reinstatedssoon agpracticable.

527.2.2 A wiring system such as a conduit system, cable ducting-system, cable trunking system, busbar or
busbar trunking system which penetrates elements of building construction having speciiesistesce shall

be internally sealed to the degree offiesistance of the respective element before penetration as well as being
externally sealed as required $gction 527.2.1.

This requirements satisfiedif the sealingof thewiring systemconcernecaspassed relevanttype testmeeting
therequirement®sf Section 527.2.3.

527.2.3 A conduitsystemgcabletrunking systennorcableductingsystenclassifiedasnonflamepropagating
accordingo therelevantproductstandarcandhavinga maximuminternalcrosssectionahreaof 710mn¥ neednot
be internally sealed provided that:

(i) thesystemsatisfieghetestof KS IEC 6052%or IP33,and

(i) anyterminationof the systemin one of the compartmentsseparatedy the building constructionbeing
penetratedsatisfieghetestof KS IEC 6052%or IP33.

527.2.4 Any sealing\arrangement intended to satiSction 527.2.1 or 527.2.1.1 shall resist external
influences tathe same degree as the wiring system with which it is used and, in addition, it shall meet all of the
following requirements:

(i) It shallberesistanto theproductsof combustiorto the sameextentastheelement®f building construction
which have been penetrated
(i) It-shall provide the same degree of protection from water penetration as that required for the building
construction element in which it has been installed
(iii) . It shall be compatible with the material of the wiring system with whichirit i®ntact
(iv) It'shall permit thermal movement of the wiring system without reduction of the sealatity

(v)~ It shallbeof adequatenechanicastability to withstandthe stressesvhich mayarisethroughdamageo the
support of the wiring system duefice.

Thesealandthewiring systemshallbe protectedrom drippingwaterwhich maytravelalongthewiring systemor
which may otherwisecollectaroundthe sealunlessthe materialsusedin the sealareall resistanto moisturewhen
finally assembled for use.

NOTE: This Section maybesatisfiedif:

- eithercablecleats cabletiesor cablesupportsareinstalledwithin 750mm of theseal,andareableto withstand
themechanicaloadsexpectedollowing thecollapseof the supportnthefire sideof thesealto theextentthat
no strain is transferred to the seal, or

- thedesignof thesealing systeriiself providesadequateupport.
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528 PROXIMITY OF WIRING SYSTEMS TO OTHER SERVICES
528.1 Proximity to electrical services

Except where one of the following methods is adopted, neither a voltage Band | nor a voltage Band Il circuit shall
be containedn the samewiring systemasa circuit of nominalvoltageexceedinghatof low voltage,anda Bandl
circuit shall not be contained in the same wiring system as a Band Il circuit:

(i) Everycable or conductor ismisulated for the highest voltageesent
(i) Eachconductor of a multicore cableirssulated for the highest voltage present indhigle

(i) Thecablesareinsulatedfor their systenmvoltageandinstalledin a separateompartmenof acableducting
or cable trunking system

(iv) Thecablesareinstalled on aable tray systewhere physicaseparation iprovidedby apartition
(v) A separate conduit, trunking or ducting systeranployed

(vi) Foramulticorecable thecoresof theBandl circuit areseparatedtom thecoresof theBandll circuitby an
earthed metal screen of equivalent cureartying capacity to that of the largest core of a Band Il circuit.

ForSELV andPELYV systemgherequirementsf Section 414.4shallapply.
NOTE 1: In the cas®f proximity of wiring systemsand lightningprotection system&S IEC62305hould beconsidered.
NOTE 2: Recommendations for separation and segregation in relation to safety services arelgi@&08644-41

528.2 Proximity of communications cables

In the eventof crossingor proximity of undergroundelecommunicatiortablesandundergrouncgowercablesa
minimum clearanceof 100mm shall bemaintained, otherequirementsccordingto (i) or (ii) shall befulfilled:

(i) A fire-retardantpartition shall be provided betweenthe cables,e.g. bricks, cable protectingcaps(clay,
concrete), shaped blocks (concrete), protective cable .conduit or troughs madeeat&fotant materials
(i) Forcrossingsmechanicaprotectionbetweerthecablesshallbeprovided,e.g.cableconduit,concretecable
protecting caps or shaped blocks.
NOTE 1: Speciatonsiderationsf electricainterferencebothelectromagnetiandelectrostatiomayapplytotelecommunication
circuits, data transfer circuits and the like.

NOTE 2: Segregatiomequirement$or communicationservicesaregivenin IEC 619991 andIEC 603645-52 series.
528.3 Proximity to non-electrical services

528.3.1 A wiring systemshallnotbeinstalledin thevicinity of servicesvhich produceheat,smokeor fumes
likely to be detrimental to theawiring, unless it is protected from harmful effects by shielding arranged so as not to
affect the dissipation of heat from the wiring.

In areas not specifically designed for the installation of cables, e.g. service shafts and cavities, the cables shall be
laid sothattheyarenotexposedo anyharmfulinfluenceby the normaloperationof adjacentnstallationge.g.gas,
water or steam lines):

528.3.2 Where a wiring system is routed below services liable to cause condensation (such as water, steam
or gas services), precautions shall be taken to protect the wiring system from deleterious effects.

528.3.3 Where an electrical service is to be installed in proximity to one or moreleotrical services it
shall'be so-arranged that any foreseeable operation carried out on the other services will not cause damage to the
electrical.service or the converse.

NOTE: This maybe achievedby:
(i) suitable spacing between the serviaes,
(ii) the use of mechanical or thernslelding.

528.3.4 Whereanelectricalserviceis locatedin closeproximity to oneor morenonelectricalservicespoth
the following conditions shall be met:

(i) The wiring system shall be suitably protected against the hazards likely to arise from the presence of the
other services in normal use

(i) Faultprotectionshallbe affordedin accordancevith therequirement®f Section411.

528.3.5 No cableshallberunin alift or hoistwell unlessit forms partof thelift installationasdefinedin |
KS ISO 8100series.
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529 SELECTION AND ERECTION OF WIRING SYSTEMS IN RELATION TO
MAINTAINABILITY, INCLUDING CLEANING

529.1 With regardto maintainability,referenceshallbe madeto Section 132.12.

529.2 Whereit is necessaryo removeany protectivemeasureén orderto carryoutmaintenanceprovision

shallbemadesothattheprotectivemeasureanbereinstatedvithoutreductionof thedegreeof protectionoriginally
intended.

529.3 Provision shall be made for safe and adequate access to all parts of a wiring system which.-may
require maintenance.

NOTE: In some situationst may be necessarp provide permanemheansof accesdy ladders, walkwaysgtc.
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CHAPTER 53:PROTECTION, ISOLATION, SWITCHING, CONTROL AND
MONITORING

530 INTRODUCTION
530.1 Scope

This chapterdealswith generalrequirementgor protection,isolation,switching,controlandmonitoringandwith
therequirementsor selectionanderectionof thedevicesprovidedto fulfil suchfunctions.

NOTE: In Chaptei53,referenceo shortcircuit, whererelevantjncludesearthfault. Shortcircuit ProtectiveDevice(SCPD),
where relevant, also means earth fault current protective device.

530.2 Not used

530.3 General and common requirements

530.3.1 Everyitem of equipmenshallbe selectecanderectedsoasto allow compliancewith therequirements
stated in the followingections.

530.3.2 The moving contacts of multipole switching devices marked for:the.connection of the neutral or
midpoint may close before and open after the other contacts.

530.3.3 A switching device shall not be inserted in the neutral condatiog.

530.3.4 Devicesembodyingmorethanonefunction, asdefinedin the following Sections, shall comply

with therelevantrequirement®f this chapterappropriatdo eachseparatéunction.

530.3.5 Equipment intended for protection only shall not be provided for functional switchiciccoits.

NOTE: SeeTable537.41 Guidance ortheselectionof protective jsolationandswitchingdevices.
530.4 Fixing of equipment

530.4.1 Taking into aceount the manufacturero6s ianstr uc!
way thatconnectiondetweerwiring andequipmenshallnot be subjectto unduestressor strainresultingfrom the
normal use of the equipment.

530.4.2 Unencloseaquipmenshallbe mountedn asuitablemountingbox or enclosuren compliancewith

the relevant part adfeC 60670,IEC 62208 or other relevant standards suchE&361439 series. Sockebutlets,
connection units, plate switches»and similar accessories shall be fitted to a mounting box complying with the
relevant part of EC 60670.

530.4.3 Equipmensuchascircuit-breakersswitchessocketoutlets,controlequipmentetc.maybeinstalled
on or in a cable trunking system complying WiEC 61084 series.Wherever equipment is fixed on or in cable
trunking, skirtingtrunking or in mouldings it shall not be fixed on covers which can be removed inadvertently.

531 DEVICES FOR PROTECTION AGAINST ELECTRIC SHOCK BY AUTOMATIC
DISCONNECTION OF SUPPLY
531.1 General
531.1.1 Devices for protection against electric shock by automatic disconnection of supply shall be suitable

for.isolation in accordance with Chapter 46 and Section 537.

Automatic reclosing of devices for protection against electric shock by automatic disconnection of supply shall
only be installed in the associated part of the installation where access is restricted to instructed persons or skilled
persons only.

A warningnoticeshallbe clearly displayednearthe point of accesso theassociategartof theinstallationcontrolled
by the autereclosing device, indicating its automatic reclose function must be disengaged prior to entry.

NOTE: Automatic Reclosing Devices are intended to reclose citreiikers, RCBOs and RBEafter tripping, in order to
re-establish continuity of service.
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Requirementfor theselectiorof devicesor protectionagainselectricshockby automatiadisconnectiorof supply
are given in thé&ections listed below.
INTN, TT andIT systemghefollowing protectivedevicesmaybe used:
(i) overcurrent protective devices, in accordance ®ihtion 531.2

(ii) residualcurrentdeviceRCDs), inaccordancevith Section 531.3.
Devicesaccordingo IEC 609472 markedwith thevoltagevaluefollowed by thesymbol in @ shallnotbeused
IT systems for such voltage.
In addition,in IT systemghefollowing monitoringdevicesmaybeused tadetectinsulationfault conditions:

(iii) insulationmonitoringdeviceg(IMDs), in accordancevith Section 538.1

(iv) equipment for insulation fault location, in accordance \@i¢tction 538.2

(v) residualcurrentmonitors(RCMs),in accordancevith Section 538.4.

531.2 Overcurrent protective devices

531.2.1 General

Where overcurrent protective devices are used for protection against electric shock by automatic disconnection of
supply they shall be selected in accordance with Section 533.

531.2.2 TN systems

In TN systemspvercurrenprotectivedevicesvhenusedasdevicedor fault protectionshallbeselectecanderected
in orderto complywith therequirementspecifiedin Chapterd1 (seein particularSection 411.4.4).

If, for certain equipment or for certain parts of the installation, the maximum disconnection times in Table 41.1
cannot be fulfilled by the overcurrent protective devices, those parts shall be protected by an RCD in compliance
with Section531.3.5.2.

In TN-S systems, the neutral need not be disconnected if the supply conditions are such that the neutral conductor
can be considered to be reliably at earth potential.

In TN-C systems, the PEbbnductor shall not béisconnected.

531.2.2.201 Exceptin certainspecialinstallationsor locations(Part7), thereis norequirementinderovercurrent
conditions to disconnect/switch.the neutral in TT or TN systems.

531.2.3 TT systems

In TT systemspvercurrenprotectivedevicesmaybeusedfor fault protectionprovidedthata suitablylow valueof
Zsis permanenthyandreliably.assureqseeSection 411.5.4)sothatin caseof a fault, tripping of the overcurrent
protective device in.compliance with the required disconnection times is achieved.

531.2.4 IT systems

Overcurrenprotectivedeviceswhenusedasdevicedor fault protectionin theeventof asecondault, shallcomply
with:
(i) Section 531.2.2,taking into accountthe requirementsof Section 411.6.5(i), where exposed
conductiveparts are interconnected, or

(i) Section 531.2.3,taking into accountthe requirementsof Section 411.6.5(ii), where exposee
conductiveparts are earthed in groups or individually.

In IT systems, if disconnection required by Chapter 41 in the event of the second fault to earth cannot be achieved
by anovercurrenprotectivedevice,oneor moreRCDsshallbe usedto providetherequiredfault protectionwithin
the installation.

NOTE: Referencds alsomadeto Section 419.3wheresupplementarprotectiveequipotentiabondingis requiredin those
cases where automatic disconnection accordif@gtdion 411.3.2.1 cannot be achieved.

Overcurrenprotectivedevicesusedin IT systemshallhaveline polessuitablefor line-to-line voltageapplications
and a neutral pole, if applicable, suitable for the-tm@eutral voltage for operation in case of a second insulation
fault.
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In IT systems, in the event of a second fault, the operation of the overcurrent protective device shall result in the
disconnection of all corresponding live conductors, including the neutral conductor, if any (se&ecisn
431.2.2).

531.3 Residual current devices (RCDs)
531.3.1 General

ExceptwhereSection 531.3.1.201 appliesn RCD shall disconnecill live conductorof the circuit protected.

The protectiveconductorshallnot passhroughthe sensonf the RCD exceptwherethis is unavoidableg.g.in the

case of armoured cables. In such exceptional cases, the protective conductor alone has to be passed again through
thesensoibutin thereversadirection.The protectiveconductorshallbeinsulatedandshallnot be eartheckeitherat

the first or at the second passing through the sensor.

A protective conductor current shall not contribute to the measurement of the resitesa.

531.3.1.201 For protectionagainstelectric shock,thereis no requirementto disconnect/switctthe neutralin
TT or TN systems.

531.3.1.202 It is not permissible to introduce an external connection for the purpase of intentionally creating a
residual current to trip an RCD.

NOTE 1: Thisdoesnot precludghe useof anRCD with a functionalearthconnection.
NOTE 2: Thisdoesnot precludehe useof a testnstrument in accordanaeith Part6.

531.3.2 Unwanted tripping
Residuakurrentprotectivedevicesshallbe selectecanderectedsuchasto limit therisk of unwantedripping. The
following shall be considered:

(i) subdivision of circuits with individual associated RCDs. RCDs shall be selected and the circuits subdivided
in such a way that any earth leakage current likely.to-occur during normal operation of the connected load
will not cause unwanted tripping of the device. See also Section 314

(i) in order to avoid unwanted tripping by protective conductor currents and/or earth leakage currents, the
accumulation of such currents downstream of the RCD shall be not more than 30 % of the rated residual
operating current

NOTE 1: This will also allowa better selection ahe type ofRCDsaccordingto the naturef the circuitor theload.
NOTE 2: RCDs may operatat-any valuef residual currenin excesof 50 % ofthe rated residuaurrent.
(i) useof shorttime-delayedRCDs,providedthe applicableequirement®f Chapter41 aremet

NOTE 3: In thecaseof transienteffects,tripping of the RCD may occurby chargingof bypasscapacitorsor by other
electromagnetic.disturbances.

(iv) coordinationof.generaltype RCDs, selectivetype RCDs and time-delayedRCDs (CBRs accordingto
IEC 609472) as/covered in Section 536
NOTE 4:° CBRisa circuitbreaker incorporating residual currg@motection.

(v) coordinationof RCDswith surgeprotectivedevices(SPD)accordingto Section 534.4.7.

531.3.3 Types of RCD

Differenttypesof RCD exist,dependingntheirbehaviouiin thepresencef DC componentandfrequenciesThe
appropriate RCD shall be selected from the following:

() RCD Type AC: RCD tripping on alternatingsinusoidalresidual current, suddenlyapplied or smoothly
increasing

(i) RCDTypeA: RCDtrippingonalternatingsinusoidatesidualkurrentandonresiduapulsatingdirectcurrent,
suddenly applied or smoothly increasing.

NOTE 1: ForRCDTypeA, trippingis achievedor residualpulsatingdirectcurrentssuperimposednasmoothdirect
current up to 6 mA.

(i) RCDTypeF: RCD for whichtrippingis achievedasfor TypeA andin addition:

(a) for compositaesidualcurrentswhethersuddenlyappliedor slowly rising, intendedor circuit supplied
between line and neutral or line and earthed middle conductor

(b) for residualpulsatingdirectcurrentssuperimposedn smoothdirectcurrent.
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NOTE 2: ForRCDTypeF,trippingis achievedor residualpulsatingdirectcurrentssuperimposednasmoothdirect
current up to 10 mA.

(iv) RCD TypeB: RCD for whichtripping is achievedasfor TypeF andin addition:
(a) for residualsinusoidaklternatingcurrentsup to 1 kHz
(b) for residualalternatingcurrentssuperimposedn a smoothdirectcurrent
(c) for residualpulsatingdirectcurrentssuperimposedn a smoothdirectcurrent
(d) for residualpulsatingrectifieddirectcurrentwhich resultsfrom two or morephases
(e) for residualsmoothdirect currents,whethersuddenlyapplied or slowly increasedjndependenof
polarity.
NOTE 3: For RCDType B, trippingis achievedor residual pulsatingirectcurrents superimposed on a smooth dicectent
up to 0.4 times the rated residual curregt)(®r 10 mA, whichever is the highest value.
ForgenerapurposesTypeAC RCDsmaybeused.
NOTE 4: For guidance othe correct use dRCDsfor household and similarse, se¢EC TR 62350
NOTE 5: Sometypical fault currentsin circuitscomprisingsemiconductoraregivenin AnnexA53, FigureA53.1.

531.3.4 Selection according to the accessibility to the installation

531.3.4.1 In AC installations having RCDs that are intended to be operated by ordinary persons, the RCDs
shall comply with:

- |EC 61008seriesfor RCCBs,or
- |IEC 61009seriesfor RCBOs,or
- |EC 62423for TypeF andTypeB RCCBs andRCBOs:
NOTE: RCCB is a Residual Current operated Cird@riéaker without integral overcurrent protection. RCBO is a Residual
Current operated CircuBreaker with integral overcurrent protection.

531.3.4.201 Where an RCD may be operated.by an ordinary person, it shall be designed or installed so that it is
notpossibleto modify or adjustthe settingor thecalibrationof its ratedresidualoperatingcurrent(l ) or time delay
mechanisnwithoutadeliberateactinvolving the useof eitherakey or atool andresultingin avisible indicationof

its setting or calibration.

531.3.4.2 In AC installations having RCDs that are intended to be operated by instructed persons or skilled
persons, the RCDs shall comply. with;

- IEC 61008seriesfor RCCBS;or

- |IEC 61009seriesfor RCBOs,or

- |EC 62423for TypeF andTypeB RCCBsandRCBOs,or
- |IEC 609472for CBRsandMRCDs.

531.35 RCDs for-fault protection
531.3.5.1.. General

Theuseof RCDsshallprovide protectioragainst fault$n compliance withSection 411.3.

The selectionof RCDsdependsn the type of earthingsystem(seeSections 531.3.5.2531.3.5.3and531.3.5.4),
the presence of DC components and frequen8iestion 531.3.3).

531.3.5.2 TN system

RCDs shall be installed at the origin of that part of the installation to be protéb&dequirements for unwanted
tripping in accordance witBection 531.3.2 shall also be taken into account.

NOTE: Exceptwhereparticular restrictiorfor selectivity appliesseveral circuitsnaybe protefted bythe samalevice.

The division of the PEN conductor into neutral conductor and protective conductor shall take place at the supply
side of the RCDs.

Ontheloadsideof the RCD, connectiorbetweerthe protectiveandneutralconductorss not permitted.

An RCD shall not be used in a T@l system.
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531.3.5.3 TT system
531.3.5.3.1 Locationof RCDs

RCDs shall be erected at the origin of that part of the installation to be protected. The requirements for unwanted
tripping, in accordance witBection 531.3.2, shall also be taken into account.

NOTE: Wherethere ismorethan oneorigin, thisrequiremengppliesto eachorigin.

531.3.5.3.2 Selection ofthe rated residual operating current of the RCD

The rated residual operating current valyg) (bf an RCD shall not exceed thg.torresponding to the maximum
valueof theearthresistanc®a to theexposeeconductiveparts takinginto accounthepossibleseasonalariations,
including soil freezing and drying, of the part of the installation protected by this device, as shown in"Table 53.1.

RA is the sum of the resistances in ohms of the earth electrode and the protective conductor connecting it to the
exposeeconductiveparts.

Table 53.171 Correlation between the maximum value of earth resistance. Raand
the maximum rated residual operating current|  pn0f the RCD

Maximum value of Ra ( q ) Maximum | ,,0f the RCD
25 20A
5 10A
10 5A
17 3A
50 1A
100 500mA
167 300mA
500 100mA
1667 30mA

531.3.5.3.2.201 For Class | enclosures TT systems where RCD protection is used on outgoing circuits, double
or reinforcedinsulationof all live conductorgincomingcablesextensiorterminals,etc.)on the supplysideof the
incomingdevice,e.g.mainswitch,shallbeusedlnsulatedandnon-metallicsheathed¢ablesaredeemedo meetthe
requirements of double or reinforced insulation.

NOTE 1: Whenselectingequipmentconsideratiorshouldbegivento theassemblynanufacturer'mternalline interconnecting
cable links on the supply side of an RCD being insulated andrmedallic sheathed, or having reinforced insulation
or equivalent mechanical protection.

NOTE 2: Only theassemblyna nwu f a approvednteda interconnectingablelinks shouldbeused.
531.3.5.4 IT system

531.3.54.1 General

In IT systems,protection of the neutral conductorby RCD is permitted provided that the requirementsof
Section431.2.2 ardulfilled.

531.3.5.4.2 Case of second fault on another live conductor when exposeeconductiveparts are
interconnected

Where RCDs are used accordingStection 411.6.3(v), one RCD per circuit shall be usétie
operatingcharacteristicsf this RCD shallbe selectecaccordingto Table41.1of Chapte# 1.

531.3.5.4.3 Case of second fault on another live conductor when exposeeconductiveparts are not
interconnected

Where,in aninstallation,all exposeeconductivepartsarenotinterconnectedpneRCD shallprotecteachgroupof
interconnected exposambnductiveparts.

The conditions fodetermining theharacteristics othe RCDshall bethose forTT systemalefined inSection
411.5:

- Theratedresidualoperatingcurrentlpnhasto be selectedaccordingto Table53.1.
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- Thedisconnectioriime haso complywith the valuegjiven inSection 411.3.
In addition,fault protectionfor everycircuit locateddownstreanof this RCD shallbe providedin accordancevith
therequirementsf Section411.6.3v). In thiscaseeveryfinal circuit shallbeindividually protectecoy anRCD.
531.3.6 RCDs for additional protection

Theuseof RCDswith aratedresidualoperatingcurrentnotexceedind0 mA is recognizechsadditionalprotection
in compliancewith Section 415.1. TheseRCDs shall be providedto comply with the requirementsf Section
411.3.3.
RCDsfor additionalprotectionin AC installationsshallcomply with:

- |EC 61008seriesor

- |EC 61009seriesor

- IEC62423.
Whereinstalledat the origin of afinal circuit or agroupof final circuits,an RCD with aratedresidualcurrentnot
exceeding80 mAmay provide fault protection and additional protecsomultaneously.
NOTE: Consideration shabegiven tothe divisionof theinstallation (se&ections 531.3.2and314.2).
532 DEVICES FOR PROTECTION AGAINST THE RISK OF FIRE

532.1 General

In locations where, in accordance with Chapter 42, a particular risk.of-fire ‘exists, preventive protection measures
against the risk of fire are requirethis may also apply to other locations of the electrical installation, depending
on a risk analysis.

NOTE: A suitableevaluation otherisk should becarriedout byoneornmorepersonsompetent irfire risk assessments.

The selectionof protectiveand monitoringdevicesshalltakeinto accountthe natureof theloadand thelikelihood
of the device to operate, e.g. fault currents of higher frequencies, DC fault currents or increased leakage currents.
(See alssection 331.1.)

532.2 Residual current devices (RCDs) for protection against the risk of fire
RCDsshallcomplywith Sections531.3.1t0 531.3.4andwith theapplicablerequirementsf Section 531.3.5.

RCDs with a rated residual operating current not exceeding 308halAbe used. RCDs shall be installed at the
origin of the circuit to be protected.

532.3 Residual current monitoring devices (RCMs) for protection against the risk of fire in
IT systems

In IT systemsRCMs may beusedasan alternativeto RCDsin accordancevith Section 532.2,providedthatthe
location is supervised by one or more skilled or instructed person(s).

RCMsshall be.inaccordance withEC 62020 and operaia conjunction withswitchgear suitable fdsolation.

RCMsshallbeinstalledatthe origin of final circuits. Theratedresidualoperatingcurrentshallnotexceed300 mA.
Audible andvisual signalshallbe providedoy the RCMs.

532.4 Insulation monitoring devices (IMDs) for protection against the risk of fire in IT
systems

Insulationmonitoring devicesappliedin IT systemsfor protectionagainstthe risk of fire shall comply with the
requirement®f Section538.

A fault locationsystemin accordancevith the requiremenbf Section 538.2ableto locatethe faulty circuit, may
also be used.

532.5 Internal arc fault protection in a switchgear and controlgear assembly

Whererequiredfor specialapplicationsjnternalarcfault protection(e.g.optical detectionsystem)detectinga fault
arc together with a protection system can be selected in order to extinguish the arc.

Alternatively,anassemblywith arcignition protectedzone(s)canbeselectedo minimisetherisk of anarcingfault.
(Arcing class | in accordance witBC /TR 61641.)

NOTE: Internalarcfault protectionis typically associatedvith a switchboardusedin specialapplicationsAn assemblythat
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hasbeen subject to an internal arcifagilt can require maintenancereplacement.
532.6 Arc fault detection devices (AFDDs)

Wherespecified arcfault detectiondevicesshallbeinstalled:
(i) attheorigin of thefinal circuitsto beprotectedand
(i) in AC singlephasecircuitsnotexceedindg?30V.

AFDDs shallcomply with IEC 62606.Coordinationof AFDDs with overcurrentprotectivedevices,if necessary,
shall take account of the manufacturer's instructions.

533 DEVICES FOR PROTECTION AGAINST OVERCURRENT

533.1 General requirements
533.1.1 Compliance with standards

A device for protection against overcurrent shall comply with one or more @dlkheing:
- |EC 60269series
- |IEC 60898series
- IEC 60947series
- IEC 61009series
- IEC62423.

Theuseof anotheeviceis not precludedprovidedthatits time/currentcharacteristicprovidealevel of protection
not less than that given by the devices listed above.

Thefollowing protectivedevicesshallbe usednly for protection-againsthortcircuit current:
- instantaneousip circuit-breakergICB) in accordance&vith AnnexO of IEC 609472
- aMandaR typefusesin accordancevith IEC IEC 602692 or IEC IEC 602693.

For every fuse and circuitreaker there shall be provided on or adjacent to it an indication of its intended rated
current as appropriate to the circuit it protects. For a-eewwlpsed fuse, the intended rated current to be indicated
is the value to be selected in accordance @éhbtion 533.1.2.3.

533.1.2 Fuses

533.1.2.1 A fuse baseshallbe arrangedso asto excludethe possibility of the fuse carrier making contact
between conductive parts belonging to two adjacent fuse bases.

A fusebaseusingscrewin fusesshallbe connectedothatthe centrecontactis connectedo the conductorfrom the
supply and the shell contact is connected to the conductor to the load.

533.1.2.2 Fuses having fuse links likely to be removed or replaced by an ordinary person shall be of a type
which complies witHEC602693. Such a fuse link shall either:

() have marked on or adjacent to it an indication of the type of fuse link intended to berused,
(i) be of a type such that there is no possibility of inadvertent replacement by a fuse link having the intended
rated current but a higher fusing factor than that intended.
NOTE: .In polyphaseystemsadditionalmeasuremaybeneedede.g.anall-poleswitchonthesupplyside,in orderto prevent
the risk of unintentional contact with live parts on the load side.

Fuses or combination units having fuse links likely to be removed and replaced only by skilled or instructed
person(s) shall be installed in such a manner that the fuse links can be removed or replaced without unintentional
contact with live parts.

533.1.2.3 A fuseshall preferablybe of the cartridgetype. Wherea semiencloseduseis selectedijt shallbe
fitted with anelemenin accordancaiththema n u f a dnstuatiensjf@rsy.In theabsencef suchinstructions,
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it shallbefitted with a singleelementof tinnedcopperwire of theappropriatadiameterspecifiedin Table533.1. |

TABLE 533.171 Sizes of tinned copper wire for use in semi-enclosed fuses |

Rated current of fuse elemgw) Nominal diameter of wirémm)
3 0.15
5 0.2
10 0.35
15 0.5
20 0.6
25 0.75
30 0.85
45 1.25
60 1.53
80 1.8

100 2.0

533.1.3 Circuit -breakers |

Where a circuibbreaker may be operated by an ordinary person, it shall 'be designed or installed so that it is not
possibleto modify the settingor the calibrationof its overcurrentreleasewnithout adeliberateactinvolving the use
of either a key or a tool and resulting in a visible indication of its*setting, or calibration.

Where a screvin type circuitbreaker is used in a fuse base, the.requiremer®@ation 533.1.2.1 also apply. |

According totherequirement®f AnnexH of IEC 609472, devicesmarkedwith the voltagevaluefollowed by
thesymbol@ shallnotbeusedin IT systemdor suchvaltage.

533.2 Selection of devices for overload. protection of wiring systems

533.2.1 The rated current (or current.setting) of the protective device shall be chosen in accordance with
Section433.1.

In certain cases, to avoid unintentional operation, the peak current values of the loads may have to be taken into
consideration.

In thecaseof acyclic load,thevaluesof I, andl; shallbechoseronthebasisof valuesof I, andl for thethermally
equivalent constant load
where:

Ip isthe current for whichhe circuit isdesigned

I, currentcarryingcapacityof a cablefor continuousserviceunderthe particularinstallation conditions
concerned

In istthe rated current or current setting of the proteamnce |

I, < isthecurrentcausingeffectiveoperationof theoverloadprotectivedevicewithin theconventionatime as |
stated in the product standard.

NOTE: The current causing effective operation in the conventional time of protective devices may also bet iffomed |
circuit-breakers) orfl(for fuses) according to the product standards. Bodéind f are multiples ofd and attention
should be given to the correct representation of values and indexes.

533.2.2 Additional requirements for protection against overload when harmonic currents are
present

Whenselectinganoverloadprotectivedeviceto complywith Section 433.1,accountshallbetakenof harmonic
currents in accordance wigection 431.2.3.

NOTE: See alsé\ppendix 2for furtherdetailson harmonics.
533.3 Selection of devices for protection of wiring systems against fault current

The applicationof the Sections of Chapter43 shall take into accountboth the minimum and maximumfault |
current conditions, so that the highest energyheiugh is taken into account. |
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Where the standard covering a protective device specifies both a rated servicérshiotireaking capacity and

a rated ultimate shodircuit breaking capacity, it is acceptable to select the protective device on the basis of the
ultimateshortcircuit breakingcapacityfor the maximumfault currentconditions.Operationatircumstancemay,
however makeit desirableto selectthe protectivedeviceon the serviceshortcircuit breakingcapacity e.g.where

a protective device is placed at the origin of the installation.

Where the shoitircuit breaking capacity of the protective device is lower than the maximum prospective short
circuitor earthfault currentthatis expectedtits pointof installation,it is necessarjo complywith therequirements
of the last paragraph &ection 536.1 andSection 536.5.

NOTE: To calculate the maximum and minimum fault currents, Seefqdpendix 2 paragraph 2.5.
534 DEVICES FOR PROTECTION AGAINST OVERVOLTAGE

For further information se&ppendix 6

534.1 General

This section contains provisions for the application of voltage limitation in order to obtain insulation coordination
in the casesdescribedin Section443, IEC 606641, KS IEC 62305seriesand IEC 61643 series. This section
focuses mainly on the requirements for the selection and erection of SPDs for protection against transient
overvoltages where required by Section 443 KBAEC 62305series, or as otherwise stated.

KS IEC 623054 andIEC 6164312 series deal with the protection against the effects of direct lightning strokes or
strokesnearto the supply system.Both documentslescribethe selectionandthe applicationof surgeprotective

devices (SPDs) according to the Lightning Protection Zones (LPZ).concept. The LPZ concept describes the
installation of Type 1, Type 2 and Type 3 SPDs. See Figure 534.1.

Fig 534.171 Lightning Protection ~Zones (LPZ) concept

Cable for .
data transmission

system

LPZ 0

Low voltage
electrical Mast or
supply cable railing

Boundary
of LPZ 2**

E -..Boundary

Critical of LPZ 1*
equipment

Telecommunications

Metallic water pipe cable

Metallic gas pipe

. SPD at LPZ 0/1 for lightning current protection
. SPD at LPZ 1/2 for overvoltage protection

Extraneous-conductive-part connected
to main earthing terminal

* Boundary of LPZ 1 is an external Lightning
Protection System (LPS)

** Boundary of LPZ 2 is a screened room to reduce the
effects of electromagnetic interference (EMI)
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NOTE 1: SPDswith morethanoneTypeof classificatiorareavailablee.g.combinedType 1+2 or combinedType 2+3.

Section534 doesot takeinto account:

surgeprotectivecomponentincorporatedn appliancesonnectedo theinstallation
portablesurgeprotectivedevicegSPD).

NOTE 2: Further informatiorcanbe foundin DD CLC/TS6164312.

Sectionb34appliesto AC powercircuits.As far asit is applicabletherequirementsf Section534maybefollowed
for DC power circuits.

NOTE 3: Overvoltage®f atmospheriorigin andelectricalswitchingeventscanaffectmetallicdata,signalandtelecommunication

534.2
534.3

534.4

lines. Protection measures for these systems are detailed \g&€6164322.

Not used

Not used

Selection and erection of SPDs

534.4.1 SPD types and location

534.4.1.1 WhereSPDsarerequired:
(i) SPDsinstalledattheorigin of theelectricalinstallationshallbe Type 1 or Type?2
(i) SPDsinstalledcloseto sensitiveequipmento furtherprotectagainsswitchingtransientoriginatingwithin

NOTE:

the building shall be Type 2 or Type 3.

Typel SPDsareoftenreferredto asequipotentiabondingSPDsandarefitted-attheorigin of theelectricalinstallation

to specifically preventdangeroussparkingwhich could leadto fire or electric shockhazardsIn accordancevith

KS IEC 623054, a lightning protection systemwhich-only. employs equipotentialbonding SPDs provides no

effective protection against failure of sensitive electrical'‘and electronic systems. Further SPDs (Type 2 and Type 3)
are requiredo protectsensitiveand critical equipment(for example,hospital equipmentand fire/security alarm
systems) downstream of the origin of the electrical installation.

534.4.1.2 In accordancevith the LPZ conceptwherea cablecrosseshe zonalinterface further SPDsshallbe
installed to preserve the zone integrity.

534.4.1.3  Where the installation of \SPDs is required by Section 443 and the structure is equipped with an
external lightning protection system or._protection against the effects of direct lightning, Type 1 SPDs shall be
installed as close as possible to-the origin of the electrical installation.

534.4.1.4  Where the installation of SPDs is required by Section 443 and the structure is not equipped with an
external lightning protection system or does not require protection against the effects of direct lightning, Type 2
SPDs shall be installed as'close as possible to the origin of the electrical installation.

534.4.1.5 Type 2 or Type 3 SPDs shall be located in the fixed electrical installation, for example; in sub
distribution boards or close to the equipment to be protected, to achieve the required voltage protection level; see
Figure534.2:TheseSPDsshallbe coordinatedvith Type 1 and/orType 2 SPDsbeinginstalledatthe origin of the
electrical.installation (seBection 534.4.4.5).
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Fig 534.21 Example of installation of Type 1, Type 2 and Type 3 SPDs

At or near the origin Distribution circuits Close to sensitive equipment
of the electrical installation e.g. sub-distribution board
e.g. main distribution board

y/774

V///4
Type 1 SPD Type 2 SPD Type 2 SPD
and/or or or
Type 2 SPD Type 3 SPD Type 3SPD

534.4.1.6 Consideratiorshall be given to thprovision of SPDs$o protectfrom other sources, sucs:
(i) switchingovervoltagegproducedoy currentusingequipmentocatedwithin theinstallation
(i) overvoltage®n otherincomingservicesuchasmetallictelecommunicatiomndsignallingservices
(i) overvoltageson other services feeding other structuressuch as secondarybuildings, external
installations/lighting, power lines feeding external sensors.
TheseSPDsshall beinstalled and locatedsclose agpossibleto therigin of suchevents.
NOTE: Forfurther informatiorseelEC 6164312 serieandKS IEC 623054.

534.4.1.7 The presence of SPDs installed downstream of a distribution board (e.g. in acdteshall be
permanently indicated (e.g. by a label) at'or.near the distribution board.

534.4.2 Connection modes of<SPDs
Protectionagainstransientoveryoltageshallbe provided:
- betweerive conductorandPE(commonmodeprotection),and/or

- betweenive conductorgdifferentialmodeprotection).
NOTE: Forfurther informatiorsee DDCLC/TS6164312.

534.4.3 Connection) types

534.4.3.1.  Connection Type CT1

ConnectionType CT1 (e.g.4+0 configuration):

- SPDassemblyprovidinga modeof protectionbetweereachlive conductor(line andneutralconductorsif
available) and PE.

An exampleof connectionType CT1 for applicationin athreephasesystemis givenin Figure534.3.
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Fig 534.31 Connection Type CT1 (4+0-configuration) for a three-phase system with neutral

L1 L2 L3 N
@) @)

PE

534.4.3.2 Connection Type CT2

ConnectionType CT2 (e.g.3+1-configuration):
- SPD assembly providing a mode of protection between each line conductor and the neutral conductor, and
between the neutral conductor and PE.

An exampleof connectionType CT2 for applicationin athreephasesystemis givenin Figure534.4.

Fig 534.41 Connection Type CT2 (e.g. 3+1-configuration)” for a three -phase system with neutral

L1 L2 L3 N
© Q

534.4.4 Selection’of SPDs
534.4.4.1 General

Thefollowing parametershallbe consideredor SPDprotection:

- voltage protection level (§) of the SPD and rated impulse withstand voltage)(ef the equipment to be
protected (se8ection 534.4.4.2)

- continuousoperatingvoltage(Uc) of the SPD,i.e. supplysystem(TT, TN, IT) (seeSection 534.4.4.3)

- nominaldischargeurrent(lnspgd and/orimpulsedischargeurrent(limp) of the SPD(seeSection 534.4.4.4)
- SPDcoordination (se&ection 534.4.4.5)

- expectedshortcircuit current(lsccr. (seeSection 534.4.4.6)

- follow currentinterruptrating (Ifi) (SPDsshallcomplywith therequirement®f IEC 6164311).

NOTE: Additionalinformationregardingselectionandapplicationis givenin DD CLC/TS6164312.AnnexD of DD CLC/
TS 6164312 provides application examples of selecting SPDs.

51



534.4.4.2  Selection with regard to voltage protection level (Up)

Thevoltageprotectionlevel (Up) of SPDsshallbe selectedn accordancevith impulsewithstandvoltageCategorl
of Table 443.2 and in no case exceed the required rated impulse voltage of the equipment.

NOTE 1: In some cases, for example where the continuous operation of the equipment is critical, the voltage protection level
(Up) of SPDs can be selected to be lower than the impulse immunity of equipment. The impulse imoitaysy
of equipment is lower than the impulse withstand of equipment and requires SPDs with lower voltage protection
level Up betweerlive conductorge.g.line to neutral)to avoid equipmenmalfunction,particularlyagainstswitching
transients. For further information see DD CLC/TS 61623

In installationsoperatingat 230/400V, thevoltageprotectionlevel of theinstalledSPDassemblyshallnotexceed
2.5kV, asthe SPD'sconnectingeadshaveadditionalinductivevoltagedropacrosshem(seeSection 534.4.8). It
may, therefore, be necessary to select an SPD with a lower voltage protection level.

If thedistancebetweerthe SPDandequipmento beprotectedprotectivedistance)s greatethan10m, oscillations

could lead to a voltagat the equipmerterminalsof up to twicet h e  Sdhtaydpsotectionlevel.Consideration

shall be given to the provision of additional coordinated SPDs, closer to the equipment, or. the selection of SPDs
with a lower voltage protection level.

NOTE 2: It isrecommendethatthevoltageprotectionlevel providedby SPDsdoesnot exceeda safetymarginof 80 % of the
requiredratedimpulsevoltagefor equipmenaccordingo Table443.2andcorrespondingo overvoltagecategonl.

This safetymarginis not necessaryhereoneof thefollowing casespplies:
- wherethe equipment isonnected directly tthe SPDterminals
- wherea protection scheme according to Figure 534&@readyapplied
- wherethevoltagedropacrosgheovercurrenprotectionin the SPDbranchcircuit is alreadytakeninto account
for the voltage protection levelgJ
- where protectionaccordingto overvoltagecategoryll is provided but only overvoltagecategorylll or IV
equipments installedat this location.

NOTE 3: DD CLC/TS 6164312 gives additional information about the rated impulse voltage of equipment and the given U
for the SPD.

Table534.1Notused
534.4.4.3 Selection of SPDs with regard.to continuous operating voltage (Uc)

In AC installationsthe maximumcontinuousoperatingvoltageUc of SPDsshallbeequalto or higherthanrequired
by Table 534.2.

Table 534.2' 1 Minimum _required /Uc of the SPD dependent on the supply system configuration

SPDconnectedbetween Systemconfigurationof distributionnetwork
(as applicable) TN system TT system IT system
Line conductor and neutral 1.1U 1.1U 1.1U
conductor
as a3 as
or (0.64 xU) or (0.64 xU) or (0.64 xU)
Line conductor and PE conductor 1.1U 1.1U
a3 a3
1.1U
or (0.64 xU) or (0.64 xU)
Neutral and PE conductor U U 1.1U
a3 a3 as
or (0.64 xU)
Line conductors 1.1U 1.1U 1.1U
NOTE: U isthe lineto-line voltageof the lowvoltagesystem.
aThesevaluesare related to worst-casefault conditions, therefore, the tolerance of 10 % is not taken
into account.
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534.4.4.4  Selection of SPDs with regard to discharge current (lnspa) and impulse discharge
current (I imp)
At or neartheorigin of theelectricalinstallation,SPDsshallcomplywith oneof thefollowing casesasapplicable:

- wherethebuildingis protectedagainsdirectlightning strike, SPDsattheorigin of theelectricalinstallation
shall be selected according$ection 534.4.4.4.2 and Table 534.4

- in other cases, SPBhall be selectedccording tdSection 534.4.4.4.1.
SPDsinstalleddownstreanof the SPDsat or nearthe origin of the electricalinstallationshallalsocomplywith the
coordination requirements Bection 534.4.4.5.

NOTE: Overvoltagesiueto switchingcanbelongerin durationandcancontainmoreenergythanthetransientoveryoltages
of atmospheric origin. This has to be considered for the selection of SPDs with regard to nominal discharge current
and impulse discharge current. For further information see DD CLC/TS @l1643

534.4.44.1  Type2SPDs

WhereType 2 SPDs are required at or near the origin of the electrical installation, their nominal discharge current
(Inspd shall be not less than that given in Table 534.3.

Table 534.37 Nominal discharge current (lnspa) depending on supply=system
and connection Type

Connection Inspa N KA
Supplysystem
Singlephase Threephase
CT1 CT2 CT1 CT2
L-N 5 5
L - PE 5 5
N - PE 5 10 5 20

534.4.4.42  TypelSPDs

WhereTypel SPDsarerequiredator neartheorigin of theelectricalinstallation,oneof thefollowing casespplies:

(i) Where no risk analysis accordingk® IEC 623052 has been carried out, the impulse discharge current
(limp) shall be not less than as given in Table 534.4.

Table 534.41 Selection” of impulse discharge current (limp) where the building is protected
against direct lightning strike

Connection limp IN KA
Supplysystem
Singlephase Threephase

CT1 CT2 CT1 CT2
L=N 125 125
L -PE 125 125
N - PE 125 25 125 50

NOTE: - Thistablerefersto lightning protectionlevels(LPL) Il andIV.

(i) Where the risk analysis accordingi8 IEC 623052 has been carried out, the impulse discharge
current (lmp) shall be determined according to #® IEC 62305series.

534.4.45 Coordination of two or more SPDs

SPDs shall be selected and erected such as to provide coordination in operation by reference to the manufacturer's
data.

534.4.4.6  Selection of SPDs with regard to the short -circuit current rating (Isccr)

In generaltheshortcircuit currentratinglsccrof an SPD,asstatedby themanufacturershallnotbelowerthanthe
maximum prospective shecircuit current at the connection points of the SPD assembly; see Figure 534.5.
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NOTE 1: TheSPDalone,or asanassemblyin conjunctionwith its disconnectoand/orovercurrenprotectivedevice(OCPD),
is requiredto withstandthe shortcircuit currentrating | SCCRasstatedby themanufacturerThis valueis definedand
testedaccordingo IEC 6164311,in conjunctionwith thedisconnectoand/orOCPDasstatedby themanufacturer.

NOTE 2: This requirement does not apply to SPDs connected between the neutral conductor and BETIm systems, for
which this is already covered by the product stantE@6164311.

For SPDsconnectedetweertheneutralconductorandPEin IT systemstheshortcircuit currentratinglsccrof the
SPD shall not be lower than the maximum prospective gliranit current at the connection points of this SPD . in
case of a second fault.

534.4.4.7  Selection of SPDs with regard to the follow current interrupt rating (ls)

In generalthefollow currentinterruptratinglsi of the SPD.,if declaredby themanufacturershallnotbelowerthan
the maximum prospective sharircuit current at the connection points of the SPD assembly. See Figure 534.5.

For SPDsconnectedetweertheneutralconductorandPEin IT systemsthefollow currentinterruptratingls of the
SPD,if declaredby the manufacturershallnot be lower thanthe maximumprospectiveshortcircuit currentat the
connection points of this SPD in case of a second fault.

Fig 534.51 Connection points of an SPD assembly

A
—— OCPD1 E/l
A |ocep2 | %
i | ;
SPD
1T SPDA
B
Key
OCPD1 overcurrent protective device in thestallation
OCPD2 overcurrenprotectivedevicespecifiedby the
SPDmanufacturer
SPD surgeprotectivedevice
SPDA SPDassembly
A&B connectiorpointsof SPDassembly
E/I equipment or installation to @otected.

534.4.5 Protection of the SPD against overcurrent

534.45.1 General
SPDinstallationsshallbe protectedagainsiovercurrentvith respecto shortcircuit currents.
This protectionmaybeinternaland/orexternalto the SPDaccordingio the manufacturer'smstructions.

Theratingsandcharacteristicef externalOCPDsfor protectingthe SPDassemblyshallbe selectedn accordance

with Section 434 and be the highest permissible rating to provide a high surge current capability for the complete
assembly whilst not exceeding the ratings and characteristics as required in the SPD manufacturer's installation

instructions for the maximum overcurrent protection.
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534.4.5.2 Arrangement of SPDs with relation to overcurrent protection

In case of OCPD operation arising from SPD failure, the continuity of the supply to the equipment is unaffected.
However, neither the installation nor the equipment is protected against possible further overvoltages (see Figure
534.6). In such an arrangement, the effective voltage protection level within the installation is increased due to the

additional voltage drop at the external OCPD connected in series with the SPD.

Fig 534.6 i Example of overcurrent protection in the SPD branch by using a
dedicated external overcurrent protective device

A
E/l
OCPD
:‘ | ;
SPD
e SPDA
B
Key
OCPD overcurrenprotectivedevicespecifiedby the
SPDmanufacturer
SPD surgeprotectivedevice
SPDA SPDassembly
A&B connectiorpointsof SPDassembly
E/l equipment or.installation to @otected.

534.4.5.3 Selectivity between OCPDs

WhereselectivitybetweenOCPDsis necessaryo preventdangerandwhererequiredfor properfunctioningof the
installation, the manufacturer's instructions shall be taken into accouigesiéen 536.4.

534.4.6 Fault protection
Faultprotection,asdefinedin Chapter41, shallremaineffectivein the protectednstallationevenin the eventof

SPDfailure.

In the case of automatic disconnectiorsopply:
in TN systems,this may generally be fulfiled by the OCPD on the supply side of the SPD (See
Figure 16A1 ofAppendix 6;
- inTT systemsthis maybefulfilled by:
(a) theinstallation ofSPDsdownstream (loadide) ofanRCD (SeeFigure 16A2 ofAppendix 6, or
(b) theinstallationof SPDsupstrean{supplyside)of themainRCD. Owingto the possibility of afailure of

an SPD connectedetweemeutralconductorand PE, the conditionsof Section 411.4.1shallbe met
andthe SPDsshallbeinstalledin accordancevith connectiormypeCT2 (SeeFigure16A3of Appendix 6.

in IT systems, no additional measureéeded (See Figure 16A4Appendix 9.
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Table 534.57 Connection of the SPD dependent on supply system

Supplysystemattheconnection ConnectionType

point of the SPD assembly CT1 CT?2
TN system Y Y
TT system SPDonly downstreanof RCD Y
IT systemwith neutral Y Y
IT system withoutneutral Y N/A
NOTE 1:Y = applicable

NOTE 2: N/A = notapplicable

NOTE: Additional requirementanight apply for SPDsinstalledin the areaof influence of applicationssuch as railway
systemsHV power systems, mobile unitstc.

534.4.7 SPD installation in conjunction with  RCDs

Where SPDs are installed in accordance Biglation 534.4.1and are on the load side ‘of an RCD, an RCD having
an immunity to surge currents of at least 3820 shall be used.

NOTE 1: Type S RCDsin accordancevith IEC 610081 andIEC 610091 satisfythisrequirement.

Installationof Type 1 SPDsdownstreanof anRCD is notrecommended.
NOTE 2: In the case of aurge current highehan 3 kA8/20, the RCDOmay trip causingnterruption of thesupply.

534.4.8 Connection of SPDs

All conductors and interconnections to the relevant line to be protected, together with the connections between the
SPDandanyexternalOCPD,shallbekeptasshortandasstraightaspossibleandanyunnecessargableloopsshall
be avoided.

Thelengthof the connectingconductorss definedasthe sumof the pathlengthof conductoraisedfrom the live
conductorto the PEn between connection poimsand B ashown in Figuré34.8 (for example, & b +c¢).

Fig 534.7 Notused
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Fig 534.8 1 Connection of the SPD

A Live conductor

Length a T
OCPD
Length b
SPD
Lengthc
L 4
B | PE conductor
Key
OCPD overcurrent protectivdevice
SPD surgeprotectivedevice
PE conductor protective earthingonductor
A andB connectiorpointsof SPDassembly:

NOTE: WhentheOCPDis notpresent, length Is equal to0.

Consideration shall be given todimit the total wiring length of conductors between connection points of the SPD
assembly, which should preferably not exceed 0.5 m and in no case exceed 1.0 m.

To meet these requirements, the main protective conductor shall be connected to the earthing terminal located as
near as possible to the.SPD by adding, if necessary, an intermediate earthing terminal (see Figure 534.9).

To determinethe total length of the connectingconductorsaccordingto Figure 534.9,the following conductor
lengths shall net.be taken into account:

- betweenthe-main earthing terminal and the intermediate eaténmgnal

- between the intermediate earthing terminal and thedPEuctor.

The'length (and therefore inductance) of the conductors between the SPDs and the main earthing terminal shall be
keptto aminimum.SPDsmaybe connectedo themainearthingterminalor to the protectiveconductowia metallic
parts,e.g.the metallicenclosure®f the assembly(seeSection 534.4.2),providedit is connectedo PEandmeets
therequirements$or a protectiveconductorin accordancevith Chaptes4. Connectiorof therelevantSPD(s)to the
mainearthingterminal,andin additionto the mainprotectiveconductormayimprovethevoltageprotectionlevel.

If thetotal wiring length(a +b +c) asdefinedin Figure534.8exceed®.5 m, atleastoneof thefollowing options
shall bechosen:

- select an SPD with a lower voltage protection leyg(adUl m length of rectilinear conductor carrying a
discharge current of 10 k{8/20) adds a voltage drop of about 1 000 V)

- installaseconccoordinatedsPDcloseto theequipmento be protectedsoasto adapthevoltageprotection
level U, to the rated impulse voltage of the equipment to be protected

- usethe installation method a&hown in Figuré34.9.
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Fig 534.91 Example of installation of an SPD in order to decrease lead length
of SPD supply conductors

_@ E/l

——7
PE
o A
S
P
D 5
3 B
\%@ 2
10 oA~
4
Key
OCPD overcurrent protectivdevice
SPD surgeprotectivedevice
PE conductor protective earthing
E/l equipment/installation to bgrotected
1 main earthingerminal
2 intermediate earthingerminal
3 length c (to beconsidered)
4 cable length need not lbensidered
5 cable length need not lvensidered
A andB connectiorpointsof SPDassembly.

NOTE: Forfurther informationsee DDCLC/TS6164312.

534.4.9 Notused

534.4.10 Connecting conductors of SPDs

Conductors between SPDs and the main earthing terminal or the protective conductor shall hayvseaticnosk
area notless than:

- 6.mn7 copperor equivalentfor Type2 SPDsinstalledat or neartheorigin of theinstallation
- /16 mn? copperor equivalenfor Type 1 SPDsinstalledat or neartheorigin of the installation.

Referring toSection 433.3.1(ii), conductors connecting SPDs and the OCPDs to live conductors shall be rated to
withstand the prospective shaitcuit currentto be expected and shall haverosssectional area not legisan:

- 2.5mn? copperor equivalenfor Type2 SPDsinstalledat or neartheorigin of theinstallation
- 6 mn? copperor equivalentfor Typel SPDsinstalledat or neartheorigin of theinstallation.
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535 DEVICES FOR PROTECTION AGAINST UNDERVOLTAGE
Devicesfor protectionagainstundervoltageshallcomplywith therelevantrequirement®f Section445.
For protection of persons and property, devices for protection against undervoltage may be required.
Protectivedevicesagainstundervoltageareselectedasfollows:
(i) direct operating undervoltagelease:
- lower value of the relay operativgltage
- higher value of the relay operatingltage
- timedelay (ifrequired)
(i) indirect operating undervoltagelease:
- lower value of the operatingltage
- higher value of the operatingltage
- timedelay (ifrequired)
(i) automaticreclosing when the voltageriestored:
- with reclosingprevention

- without reclosingprevention.

Thecharacteristicef the protectivedevicesagainstundervoltageshallbe coordinatedvith therequirementén the
relevant standards for switching on (inrush current) operation and switching off of the electrical equipment.

536 CO-ORDINATION OF ELECTRICAL EQUIPMENT.FOR PROTECTION, ISOLATION,
SWITCHING AND CONTROL

536.1 General
This section covers eordination in the case of a fault and overload conditions and also takes into consideration
aspects in Section 133 relevant to theoedination of electrical devices as follows:
- overcurrent protective devig® CPD)
- control and protective switching devif@PS)
- residual current devicRCD)
- contactor andtarter
- switch anddisconnector.
NOTE 1: Co-ordinationof monitoringdevicess underconsideration.
NOTE 2: Referenceo themeaningof someof theabbreviationsisedin this sectionmaybefoundin TableA53.1in AnnexA53

located at the end of this chapter.

Sections36doesnotproviderequirements$or theselectionof anelectricaldevicealone butprovidesrequirements
for the selection of electrical devices to achieve electricalrdoation between them.

Therequirementalsocoveraspect®f continuity of supplyof theinstallation.

536:2 Electrical devices considered and function provided
NOTE: . TableA53.1in AnnexA53 showsthefunctionsprovidedby differentelectricaldevices.

536.3 Co-ordination requirements

For selectingelectrical devicesas coveredby the following Sections, the mutual interactionbetweenthose
devices shall be considered so that they do not adversely affect the safety of the installation.

Theco-ordinationof electricaldevicesconsidersequirementin caseof:
- shortcircuit

- overload
- residualcurrents.

Aspectdor co-ordinationof electricaldevicesare:
- selectivity
- shortcircuit protection
- overloadprotection.
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Electricaldevicesshallbeselectedakinginto accountheco-ordinationcharacteristicasgivenby themanufacturers.

536.4 Requirements for selectivity
536.4.1 General

SelectivitybetweenOCPDsis definedin Section 536.4.1.2for overloadconditionsandin Section 536.4.1.3for
shortcircuit conditions. Selectivity between RCDs is define@éttion 536.4.1.4 and selectivity between OCPD

and RCD is defined iSection 536.4.1.5.
In this Section, theOCPDcouldbereplaced byan SCPD.

536.4.1.2  Selectivity under overload conditions between OCPDs

536.4.1.2.1 General requirements

Whereselectivityis required,asshownin Figure536.1,thedesignshallbe verified eitherby:
- deskstudy,takinginto accountherelevantproductstandardandthe manufacturer'sterature,or
- appropriatesoftwaretoolswhereinformationis providedby the manufacturefor this specificuse,or
- tests in accordance with the applicable product standard (in ordehitve the correcttest performances
and reproducibility), or
- manuf a deéclaratient 6 s

In the case of a desk study, when time/current characteristics are used to verify selectivity, account shall be taken
of the reference ambient temperature for which the tripping curves are given and to load conditions before the

overcurrent.

Fig 536.11 Selectivity between OCPDs
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536.4.1.3 Selectivity under short -circuit conditions between OCPDs

536.4.1.3.1 General requirements

Whereselectivityis required(seeFigure536.1),verificationshallbe madeeitherby:
- deskstudy,takinginto accountherelevantproductstandarcandthema n u f a diteraturesor 6 s
- appropriatesoftwaretoolswhereinformationis providedby the manufacturefor this specificuse,or
- tests in accordance with the applicable product standard (in order to achieve the correct test performances
and reproducibility), or
- manuf a déclaratient 6 s
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In thecaseof adeskstudy,whenenergylimitation curvesareusedto verify selectivity,accounshallbetakenof the
voltage for which the curves are given.

In cases given in A53.7 and A53.10 in Annex A53, selectivity will be obtained for-sihcuit currents up to a
specificvalue,the selectivitylimit current.Thevalueof thislimit will begivenby the manufacturerln a particular
installation selectivity may be total or partial.

NOTE: Generallymanufacturerprovidetablesgiving informationon selectivityin caseof shortcircuit.
536.4.1.4  Selectivity between RCDs
(i) Generalrequirements

Whereselectivityis required(seeFigure536.2),verification shallbe madeeitherby:
- deskstudy,takinginto accountherelevantproductstandarcandthema n u f a diteraturesor 4 s
- appropriatesoftwaretoolswhereinformationis providedby the manufacturefor this specificuse,or

- tests in accordance with the applicable product standard (in order to achieve the correct test performances
and reproducibility), or

- manuf a deéclaratient 6 s
NOTE 1: Generally manufacturerprovideinformationspecifyingselectivitybetweerRCDs.

(i) Selectivityin caseof residual currents

Selectivityin case of residual currents, sfeown inFigure 536.2, igiven under.the-followingonditions:
- theupstreanRCDis of selectivetype (type S or time-delayedypewith-appropriatdime delaysetting),and

- the ratio of the rated residual operating current of the upstream RCD to that of the downstream RCD is at
least 3:1.

In the caseof RCDswith adjustableratedresidualoperatingcurrentandtime delay, referenceshall be madeto
manufacturer's instructions for selectivity.
NOTE 2: RCDtype Sisin accordance withEC 61008seriesor IEC 61009series.

NOTE 3: Atime-delaytypeRCDin accordancevith IEC 609472, AnnexB or AnnexM will be markedwith thesymbolpt
followed by the limiting noractuating time in mer marked with arfS]

Fig 536.2 1 Selectivity between RCDs in case of residual current

RCD
1
RCD RCD
21 22
NOTE 4: RCD1is type Sor timedelayedtype.

536.4.1.5 Selectivity between OCPDs and RCDs

536.4.1.5.1 Selectivity between RCD(s) and upstream OCPD

In the eventof an earthfault, currentmay reacha high valuethat could exceedthe instantaneoutripping current
of theupstreamOCPD.Therefore whenselectivitybetweerRCD(s)andupstreanmOCPDis required anRCBOor
CBR shall be used and the requirements of selectivity accord®ection 536.4.1.2 shall be applied.
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Fig 536.3 1 Selectivity between OCPD and RCD using RCBOs
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In Figure 536.3, IRCCBSare used instead of RCBOSs, selectivity cannot be guaranteed..In this case, if there
areOCPDsdownstreanof the RCCB,asshownin Figure536.4,selectivitymaybeachievedorovidedthatthe
requirement®f Section 536.4.1.2andSection 536.4.1.3arefulfilled. In addition;the connectiorbetween
theRCCB and the downstrea®CPDshall be selected aratected so a® minimizethe risk of earthaults.

NOTE: Inorderto minimizetherisk of faultsbetweerRCCBanddownstrean© CPD ;specificwiring accessoriesiaybeused
(e.g. specific busbars).

Fig 536.4 1 Selectivity between OCPD.and RCD using RCCBs
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536.4.1.6 Selectivity between RCDs and downstream OCPDs

In the event of an earth fault, the earth fault current may be lower than the instantaneous tripping current of the
downstreanOCPD.In this case theupstreamRCD will trip andselectivitymay not beachievedThereforewhen
selectivity between RCDs and downstream OCPD is required, RCBOs shall be used and selectivity requirements

according tdSection 536.4.1.4 shall be applied.
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Fig 536.51 Selectivity between upstream RCCB and RCBOs
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NOTE: RCCBL1 istype Sor time-delaytype.
536.4.2 Requirements for protection in case of short -circuit

536.4.2.1  Combined short -circuit protection of OCPDs

In this Section, theOCPDcouldbereplaced byan SCPD.

This breakingtechnigueallows the use of shortcircuit protectivedeviceswith a lower breakingcapacitythan
required in Chapter 43. It is only applicable to stonrtuit protective devices.

Fig 536.6 1 Typical configuration: for combined short -circuit protection of OCPDs
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Section 434.5.1permits adevicewith alower ratedbreakingcapacity tharthe prospectivehortcircuit current
atits point of installationto be usedin specificconditions.

Whenselectingwo OCPDsfor combinedshortcircuit protection referenceshallbe madeto theinstructionsof the
manufactureof the downstreanODCPD. Theseinstructionsarederivedfrom testsperformedaccordingto relevant

productstandardsasapplicable(e.g.IEC 609472 andIEC 608981). Whereno informationis availablefrom the
manufacturer, combined shaircuit protection of OCPDs shall not be used, and each OCPD shall have the

required shortircuit capability at the point of installation.
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If declaredby the manufactureof bothdevicesthe combinedshortcircuit capabilityof OCPD1andOCPD2may

be higher than the breaking capacity of either OCPD. In this case, the connection between the two devices has to
minimize the risk of shottircuits and there shall not be any shartuit contributions by other active equipment

in parallel to OCPDL1.

NOTE 1: Co-ordinationof anOCPDwith a separateurrentlimiter to increasehe shortcircuit breakingcapacityof an OCPD
may be used according to the manufacturerds instructio

NOTE 2: Combinedshortcircuit protectionmaybeusedfor manualmotorstartethavinga shortcircuit capabilityin combination
with OCPD, when declared in the manufacturer documentation.

536.4.2.2 Back-up protection of contactors or overload relays
In this Section, theOCPDcouldbereplaced byan SCPD.

Contactorssomplyingwith IEC 609474-1 or IEC 61095do not provideprotectionagainstshortcircuit, thusithey
shall be protected by an upstream overcurrent protective device (OCPD).

NOTE 1: Control and Protective Switching Devices (CPS) provide protection againstcsicait, .and. therefore provide
intrinsic coordination.

Figure536.7 gives typical schematifor co-ordination ofa contactowith a shorcircuit protective device (OCPD).

Fig 536.7 i Co-ordination between OCPD and contactor in case.of short -circuit
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Section 512.1.2requires.equipment to be selected for the design current which it has to carry in normal service
and the current likely to flow in abnormal conditions. In the event of shiait, the letthrough energy and the

peak current may cause the contactor to open its contacts at a level of current beyond its making and breaking
capacity. Ceordination of the contactor and the OCRMeeded to achieve safe operation in case of sirauit.

Co-ordinationbetweena contactorandan OCPDis verified by mandatoryshortcircuit testsaccordingto IEC
609474-1 or tolEC 61095, aspplicable.

Contactors shall be selected and erected in conjunction with thecsieait protective device declared by the
manufacturersuchthattheratedconditionalshortcircuit currentis higherthanthe prospectiveshortcircuit current
at the“point of installation.

The rated conditional shecircuit current can only be obtained by tyf@sting and thus the data for the selection
of the OCPD shall be obtained from the manufacturer of the contactor, taking into account the rated operational
current, rated operational voltage and the corresponding utilization category.

NOTE 2: This information is generally provided in-codination tables which summarize the combination of devices (OCPD,
contactor or motor starter) able to maintain a safe behaviour for a given rated conditiorairshiort

In amotorcircuit theoverloadcurrentprotectionmay be providedby separat@verloadrelayelectricallyconnected

with the contactor. In such a case protection of the overload relay shall also be achieved, since the overload relay
may be damaged by the Herough energy #) of the OCPD. This information is generally provided in the

ma n u f a c t-oundina&iondablesc o
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536.4.2.3  Back-up protection of switches, Transfer Switching Equipment (TSE) or impulse
relays

Switches complying withEC 609473 or IEC 606692-4, Transfer Switching Equipment (TSE) complying with
IEC 609476-1 and impulse relays complying witlleC 606692-2 are used to switch loads or circuits (e.g.
distribution switchboard lighting circuit, specific load). Thesedevicesdo not provide protectionagainstshort
circuit, thus they shall be protected by an overcurrent protective device (OCPD).

NOTE: Fuse combination units tiEC 609473 consist of a switch and integral fuse(s) and have a-shiouit capability
declared by the manufacturer which does not require the use an upstream OCPD.

Should a shottircuit occur on the load side of a switch, the current will flow through both devices (OCPD and
switch); thereforethe let-throughenergyandthe peakcurrentlimited by the OCPDneedto be compatiblewith the
shortcircuit withstand of the switch, the TSE or the impulse relay.

Figure536.9 givesa typicalschematic for cerdination ofa switch with ashortcircuit protective-devic€OCPD).

Figure 536.8Notused

Fig 536.91 Co-ordination between OCPD and switch
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The OCPD may also be situated. downstream of the switch, TSE or impulse relay provided that the connection
betweerthe switchandthe downstreanOCPDis selectecanderectedsoasto minimizetherisk of earthfaultsand
shortcircuits.

Switches, Transfer Switching Equipment and impulse relays shall be selected and erected in conjunction with the
shortcircuit protectivedevicedeclarecby themanufacturein orderthattheir ratedconditionalshortcircuit current
is equal to or higher than the prospective skoduit current at the point of installation.

The rated conditional shecircuit current of the switch can only be obtained by tigsting and thus the data for
the selection of the OCPD shall be obtained from the manufacturer of the switch, taking into account the rated
operational current and the rated operational voltage.

For switchesaccordingto IEC 609473, wherethe OCPD is not specifiedby the switch manufactureran
alternativemethod forco-ordination betweethe OCPDandthe switchis asfollows:

- the rated shottircuit making capacity of the switch is higher than the peak value of the prospective short
circuit current at the point of installation, and

- the OCPDtime-currentcharacteristiés within thelimits of Icw of the switch,asstatedoy the manufacturer,
or

- theratedshortcircuit makingcapacityis higherthanthe peakvalueof the prospectiveshortcircuit current
at the point of installation, and

- the rated short time withstand currentis higher than the prospectiveshortcircuit currentat the point
of installation and the corresponding withstand time is longer than the operating time of the SCPD, if
applicable, or

- if at the prospective shedircuit current, the protective device has an energyhleiugh (Pt) and cutoff
current not exceeding the values for the switch provided by the manufacturer.
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536.4.2.4  Back-up protection of RCCBs
In this Section, theOCPDcouldbereplaced byan SCPD.

RCCBScomplying withIEC 61008 series are intended to protect persons against electric shocks. Thaismay
be used to provide protection against fire hazards due to a persistent earth fault. These devices have a limited
shortcircuit currentwithstandcapability thustheyshallbe protectedby anupstreanovercurrenprotectivedevice.

Should a shottircuit occur on the load side of a RCCB, the current will flow through both devices (OCPD and
RCCB);thereforethelet-throughenergyandthe peakcurrentlimited by the OCPDneedto be compatiblewith the
shortcircuit withstand capability of the RCCB.

Figure536.10 givesatypical schematic for cordinationof a RCCB witha shoricircuit protectivedevice.

Fig 536.10 1 Co-ordination between OCPD and RCCB
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RCCBSshallbeselectecanderectedn conjunctionwith the OCPDdeclaredy themanufacturein orderthattheir
ratedconditionalshortcircuit currentis higherthanthe prospectiveshortcircuit currentat the point of installation.

The rated conditional shecircuit current of the RCCB with the OCPD, related to the relevant rated operational
currentandratedoperationaloltage,is given by the manufacturebasedon testsresultsaccordingto IEC 61008
series.

The OCPD may also beusituated downstream of the RCCB provided that the connection between RCCB and
downstream OCPD is'selected and erected so as to minimize the risk of earth faults acictahtert

536.4.3 Requirements for protection in case of overload

536.4.3.1 Overload protection of contactor or SCPDs

Contactors'complying withlEC 609474-1 orIEC 61095 and SCPDs without integral overload protection, such as
ICBs complying withIEC 609472, shall be protected by an overload protective device.

Devices for overload protection are selected for the protection of cables. For overload protection of contactors or

SCPDs, the rated current of the OCHKDmMatbnal | be selecte
NOTE: In cases wher8ection 433.3 permits omission of overload protectionocdination in case of overload does not
apply.

536.4.3.2 Overload protection of RCCB, switch, Transfer Switching Equipment (TSE) or
impulse relay

Residual current circuitreakers (RCCB) complying withEC 61008 series are intended to protect persons
against electric shock. Switches complying WHEC 609473 or IEC 606692-4, impulse relays complying with

IEC 606692-2 and TSEs complying withfEC 609476-1 are used to switch loads or circuits. None of these
devices provide protection against overload, therefore they shall be protected by an overcurrent protective device
(OCPD).
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Section 433.1requiresthat devicesfor overloadprotectionbe selectedor the protectionof cables.For overload
protection ofRCCBSand switches, the rated current of the OCP
information; in general, the OCPD is installed upstream of the RCCB or the switch.

Theratedcurrentof a switchor RCCB may alsobe basedon the applicationof diversity factorsto the downstream
circuits according tdSection 311.1, and the rated current of the OCPD shall be selected according to the

manufacturer 6s Secton53614c202i ons. See al so
NOTE: When using an RCBO instead of an RCCB, no further consideration regarding overload protection of the RCBO is
necessary.

Section 433.3 specifiesconditionsfor omissionof overloadprotection.In suchcasesoverloadco-ordination
doesnotrequireverification.

536.4.4 Requirements for selectivity between OCPDs equipped with under voltage relay.

In caseof fault (shortcircuit or earthfault) a high fault currentmay generate voltagedropthroughtheinstallation.
Voltage drop may also occur in the installation for other reasons (for example, switching and reclosing of HV

switching device).

Whereoneundervoltageaelayis installedin the OCPDon the supplysideor elsewheren theinstallation,possible
undervoltage relay operation shall not impair selectivity achieved between OCPDs and/or RCDs in series.

Fig 536.1171 Selectivity with OCPD and undervoltage ' relays

NOTOOo

For selectivity,undervoltageelay operationshallbetime-delayedaccordingto the maximumshortcircuit or earth
fault clearance.time..In all cases, instructions provided by the manufacturer shall be fulfilled in order not to impair
the safety-of the electrical installation.

536:4.5 Low voltage assemblies according to IEC 61439 series

Theinterfacecharacteristicef anassemblyconformingto IEC 61439seriesshallbe compatiblewith theratings of
the circuits to which it is connected and with the installation conditions. The characteristics of the assembly shall
bedeclaredy themanufacturertakinginto accountheinterfacecharacteristicef therelevaniEC 61439 product

standard.

536.4.201 Fault current (short -circuit) ratings

Therelevantfault current(shortcircuit) rating of theassemblyshouldbe equalto or exceedhe maximumprospective
fault current at the point of connection to the system.

Theterminologyusedo definetheshortcircuit ratingof anassemblys givenin thelEC 61439seriesasfollows:
- rated shortime withstand currentg,
- rated peakvithstand currentis.
- rated conditional shostircuit current,cc.

Theassemblyna n u f a catingsamdingirsctionsshallbetakeninto account.
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Foraninstallationwith a230V single-phasesupplyratedup to 100A thatis underthe controlof ordinarypersons,
switchgear and controlgear assemblies shall either complyE@614393 having a suitable fault current (short
circuit) rating for the maximum prospective fault current at the point of connection to the system or be a consumer
unit incorporating components and protective devices specified by the manufacturer complying@ii439

3, including the 16kAconditional shortircuit test described iAnnex ZB of the standard.

NOTE: Whenthesinglephasd?SCCvalueof 19.6KA is citedfrom EngineeringRecommendatioR25,the 16 kKA conditional
rating described iAnnex ZB of IEC 614393, for incoming service equipment, will satisfy design requirements
where the service cable is at least 2 metres in length.

536.4.202 Current ratings

The relevant design current shall not exceed the rated current of an asseglolyréited current of a circuitqyf)
of the associated assembly, having taken any applicable diversity/loading factors into account.

The terminologyusedto definetherating of anassemblyin relationto load/desigrcurrentusedin IEC 61439
canbe summarized dsllows:

- The rated current of an assembha)I(A)o is the maximum load current that it is’designed to manage and
distribute.

- Theratedcurrentof acircuit (Inc) (A) is statedby theassemblymanufacturertakinginto consideratiorthe
ratings of the devices within the circuits, their disposition and application.

The current rating(s) of an assembly circuit may be lower than the rated current(s) of the device(s) according to
theirrespectivalevicestandardwheninstalledin theassemblythereforetheassemblyma n u f a catingsardr 6 s
instructions shall be taken into account.

Rateddiversity (loadingfactor) canbe statedby theassemblymanufacturere.g.for groupsof circuits.

The rated current of a switch or RCCBa(&nd | shall be based upon:
- thesumof final circuit currentdemand afteany applicabldloaddiversityfactors,or

- thesumof final circuit currentdemandafteranyapplicableoaddiversity factorstogethemwith allowances
for diversity between final circuits, or

- thesum of the downstream OCPDs/circuit rated current multiplied by a divéastty.

However, overload protection shall not solely. be based on the use of diversity factors of the downstream circuits.
To achieveoverloadprotectionof RCCBSar switchestheratedcurrentof the OCPDshallbeselectedaccordingto
the manufacturerods. instructions.

536.4.203 Integration of devices and components

The relevantpart of the IEC 61439seriesshall be appliedto the integrationof mechanicabnd electricaldevices
and components, e.g. circinteakers, control devices, busbars into an empty enclosure or existing low voltage
assembly.

In low voltageassemblieso the IEC 61439series,e.g.consumelunits, distributionboards,incorporatecdevices
and components shal/l only be those declared suitable
literature:

NOTE 1: The juse of individual components complying with their respective product standard(s) does not indicate their
compatibility when installed with other components in a low voltage switchgear and controlgear assembly.

NOTE 2: Incorporateccomponentinsidetheassemblycanbefrom differentmanufacturerdt is essentiathatall incorporated
componentshouldhavehadtheircompatibilityfor thefinal enclosedirrangementeerified by theoriginalmanufacturer
of the assembly and be assembled in accordance with their instructions e.g. the consumer unit, distribution board
manufacturer. The original manufacturer is the organization that carried out the original design and the associated
verification of the low voltage switchgear and controlgear assembly to the relevant partE® 612439 serieslf

an assembly deviates from its original manufacturerés
original verification, the person introducing the deviation becomes the original manufacturer with the corresponding
obligations.

536.5 Documentation

The information mentioned in the previoSections for coordination of electrical devices may be found in
manufacturersd documentation (e.g. catalogue, instruc

Whentheinitial verificationis made the documentatiorconcerninghe selectionof devicesfor co-ordinationshall
be addedo thedesigndocumentatiorin accordancevith therequirementsf Section 132.13.
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537 ISOLATION AND SWITCHING
537.1 General

Thissectionprovidesrequirementsor:

() nonautomatidocal andremoteisolationandswitchingmeasures$or the preventionor removalof dangers
associated with electrical installations or electricplbwered equipment and machines, and

(i) functional switching andontrol.
537.1.1 Any device for isolation and switching accordingto Sections462 to 465 shall comply with the
relevant requirements included in this section.

In certaininstancesadditionalrequirementsnay be necessaryor combinedfunctions.

NOTE 1: Table537.4summarizeshefunctionsprovidedby thedevicedor isolationandswitching,togethemwith indicationof
the relevant product standards.

NOTE 2: For someapplicationssuchasmotorcontrol,the switchingdeviceneedso withstandtheinrushcurrent.
NOTE 3: Table537.4providesinformationon selection.

TABLE 537.471 Guidance on the selection of protective, isolation
and switching devices

Device Standard Isolation® Emergency Functional
switching® switching®

Switchingdevice IEC 606692-1 No No Yes
IEC 606691 No Yes Yes

IEC 606692-1 No No Yes

IEC 606692-2 No Yes Yes

IEC 606692-3 No Yes Yes

IEC 606692-4 Yes? Yes Yes

IEC 609473 Yegtd) Yes Yes

IEC609475-1 No Yes Yes

Contactor IEC 6094 #4-1 Yestd) Yes Yes
IEC 61095 No No Yes

Circuit-breaker IEC 60898 Yesd Yes Yes
IEC 609472 Yegtd) Yes Yes

IEC 610091 Yes? Yes Yes

RCD IEC 609472 Yegtd) Yes Yes
IEC 61008seriesEC Yes® Yes Yes

61009series Yesd Yes Yes

Isolatingswitch IEC 606692-4 Yesd Yes Yes
IEC 609473 Yegtd) Yes Yes

R et IEC 60309 Yes No Yes
Z“??Zag‘)jsoc"e“’““et IEC 60309 Yes? No No
Gonnection kiminaire IEC 610951 Yes? No No
Controlandprotectiveswitching IEC 609476-1 Yestd) Yes Yes
device for equipment (CPS) IEC 609476-2 Yegld Yes Yes
Fuse IEC 60269series Yes No No
Device with IEC 606692-1 No No Yes
semiconductors IEC 606692-1 No No Yes
Luminaire Supportin@oupler IEC 61995 Yesd No No
Plug and unswitched socketitlet KS EAS 4951 Yesd No Yes

KS EAS 4952 Yes® No Yes




Device Standard Isolation® Emergency Functional
switching® switching®

Plugandswitched KS EAS 4951 Yesd No Yes
socketoutlet KS EAS 4952 Yes? No Yes
Plug and sockedutlet IEC 608841 Yesd No Yes
Switchedused KS EAS 4954 Yes? Yes Yes
connectiorunit
Unswitchedused KS EAS 4954 Yes® (Removal No No
connection unit of fuse link)
Fuse IEC 60269 Yes No No
Cooker Control Uniswitch IEC 60669 Yesd Yes Yes

Yes= Functionprovided,No = Functionnot provided

(1) Functionprovidedif thedeviceis suitableandmarkedwith the symbolfor isolation(seelEC 60617identity number
S00288) —r" p—

(2 SeeSection 537.3.3.6. |

©) Deviceis suitablefor on-loadisolation,i.e. disconnectiomwhilst carryingload current.

@ In aninstallationforming partof aTT or IT systemjsolationrequiresdisconnectiorof all thelive conductorsSeeSection

462.2. |

®) Circuit-breakers and RCDs are primarily circuit protective devices and, as such, they are not intended for freq

switching. Infrequent switching of circtiitreakers ofload is admissible for the purposes of isolation or emergency switq

Foramorefrequentduty, the numberof operationsandload characteristicaccordingto thema n u f a dnstweatiensshiosid

be taken into account or an alternative device from those listed as/Suitable for functional switching in Table 537.4| |

employed

NOTE 1: An entryof (1,3)meanghatthedeviceis suitablefor on-loadisolationonly if it is markedwith thesymbolfor on-load
isolation —/o—

NOTE 2: In theabovetable,thefunctionsprovidedby thedevicedorisolationandswitchingaresummarizedtogethemwvith an
indication of the relevant product standards.

537.1.2 Whereaninstallationor anitem of equipmentr enclosureontaindive partsconnectedo morethan
onesupply,adurablewarningnoticeshallbeplacedin suchapositionthatanypersonpeforegainingaccesso live
parts,will bewarnedof theneedto isolatethosepartsfrom the varioussuppliesunlessaninterlockingarrangement
is provided to isolate all the circuits-concerned.

537.1.3 Plugs and socketutlets, connectors and devices for connection of luminaires may be used for
providing the isolation and switching functions in accordance with Table 537.4.

The isolation and switching functions are provided by the disconnection of the plug from the outlet or connector
from the inlet, as applicable.

537.1.4 Notused

537.1.5 Where an installation is supplied from more than one source of energy, one of which requires a
meanf earthingindependenof the meansf earthingof othersourcesndit is necessaryo providethatnotmore
thanonemeansof earthingis appliedatanytime, aswitchingdevicemaybeinsertedn theconnectiorbetweerthe

neutral point and the means of earthing, provided that the device is:

(i) a multipole, linked switching device arranged to disconnect and connect the earthing conductor for the
appropriate source at substantially the same time as the related live conductors, or

(i) a switching device interlocked with a multipole, linked switching device inserted in the related live
conductors such that the earthing conductor for the appropriate source shall not be interrupted before the
relatedlive conductorsandshallbere-establishedhot laterthanwhenthelive conductorsarereconnected.

Switching devices provided in accordance with (i) and (i) shall meet the requirements of Chapter 46 for a device
for isolation.

537.2 Devices for isolation

537.2.1 Devicedfor isolationshallbeof atypefor whichtheisolationfunctionis explicitly recognizedy the
relevantproductstandardr asidentifiedin Table537.4.

537.2.2 Semiconductodevicesshallnot be usedasisolatingdevices.
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537.2.3 Devicessuitablefor isolationshallbe selectedaccordingto therequirementsvhich arebasedon the
overvoltage categories applicable at their point of installation.

Devicesfor isolationshallbedesignedor overvoltagecategoryll or IV exceptheplugof aplugandsocketoutlet

combinationidentifiedin Table537.4assuitablefor isolation.

NOTE: Whereelectricallypoweredequipments within the scopeof IEC 60204,the requirementdor isolation of that
standard apply.

537.2.4 Devices for isolation shall be selected and/or installed so as to prevent unwanted or unintentional
closure (se&ection 462.3).

Thismaybeachieveddy locatingthedevicein alockablespaceor lockableenclosureor by padlockingor by other
suitable means.

537.2.5 Provision shall be made for securing-téd isolating devices against unwanted or unintentional
opening.

Thismaybeachievedfor examplepylocatingthedevicein alockablespaceorlockableenclosurerby padlocking.
Alternatively, the offload device may be interlocked with a lelaictaking one.

537.2.6 Means of isolation shall preferably be provided by a multipole switching device which disconnects
all applicable poles of the relevant supply but sifgpée devices situated adjacent to'each other are not excluded,
subject to the provisions &ection 461.2.

537.2.7 Eachdeviceusedfor isolationshall be clearly identified by positionor durablemarkingto indicate
the installation or circuit iisolates.

537.2.8 Wherealink isinsertedn theneutralconductorfor isolatingpurposesthelink shallcomplywith the
following requirements

- it cannot be removed without the use of a taat]

- itisaccessibléo one ormoreskilled personsonly.

537.3 Devices for switching
537.3.1 Functional switching and control  devices

537.3.1.1 Thedevicesfor functionalswitchingandcontrolshallbe selectedn accordancevith Table537.4.

537.3.1.2 Functionakwitchingdevicesshallbesuitablefor themostonerouslutytheyareintendedo perform.
The characteristic of the load.to be switched shall be considered (e.g. utilization category).

537.3.1.3 Functionalswitchingdevicesmaycontrolthecurrentwithout necessarilyppeningthecorresponding
poles.

NOTE: Semicondugctor switching devices and some control auxiliaries are examples of devices capable of interrupting the
current in theCircuit but not opening the corresponding poles.

537.3.2 Devices for switching off for mechanical maintenance

537.3.2.1 Selectioranderectionof devicedor switchingoff for mechanicamaintenancshallbein accordance
with.the followingSections and shall comply witSection group 537.2.

NOTE: Where electrically powered equipment is within the scod&6f60204, the requirements for switching off for
mechanical maintenance of that standard apply.
537:3.2.2 Devicesfor switchingoff for mechanicamaintenance shatleinsertedn themainsupplycircuit.

Where a switch is provided for this purpose, it shall be capable of cutting off the full load current of the relevant
part of the installation.

Interruption of a circuit for the control of mechanical movement is permitted only where a condition equivalent to
the direct interruption of the main supply is provided by one of the following:
(i) Supplementargafeguards, such asechanicafetainers

(i) Compliancewith therequirement®f aKenyan Standardpecificatiorfor thecontroldevices
used.
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NOTE: Switchingoff for mechanical maintenanceay be achieved, for exampl®; one of thdollowing:
- multipole switch
- circuit-breaker
- control and protective switching devi@ePS)
- control switch operating eontactor
- plug and sockesutlet.

537.3.2.3 Devices for switching off for mechanical maintenance or control switches for such devices shall
require manual operation.

Theopen positiorof thecontactof thedevice shalbe visible obe clearlyand reliablyindicated.

Theindicationrequiredby this Section maybeachievedy theuseof thesymbolsO'and'l' to indicatethe open
and closed positions respectively.

537.3.2.4 Devices for switching off for mechanical maintenance shall be clearly identified by position or
durable marking so as to be identifiable for their intended use.

537.3.3 Devices for emergency switching off

NOTE: Emergencyswitchingoff isanemergencyperationintendedo switchoff thesupplyof electricalenergyto all or part
of an installation where a risk of electric shock or another risk of electricalorigin is;involved.

537.3.3.1 Selection and erection of devices for emergency switching off shall be in accordance with the
following Sections and shall comply witBection 537.2.

NOTE: Whereelectricallypoweredequipmentswithin thescopeof IEC 60204 therequirementgor emergencygwitching off
of that standard apply.

537.3.3.2  The devices for emergency switching off shall.be capable of breaking the full load current of the
relevant parts of the installation taking into account stalled motor currents where appropriate.

537.3.3.3 Meansfor emergencywitchingoff may consistof:
- oneswitchingdevicecapableof directly cuttingoff theappropriatesupply,or
- acombinationof devicesactivatedby asingleaction forthe purpose otutting off the appropriatesupply.

Plugsandsocketoutletsshallnot be providedfor useasmeandor emergencygwitchingoff.
537.3.34 Devicesfor emergencyswitchingoff shallprovidethe switchingof the main circuit.
Handoperatedswitching devicesor directinterruption of themain circuitshall beselected wherpracticable.

Remote control switching: of circdiireakers, control and protective switching devices or residual current devices
(RCD) shall be opened by @mergization of coils, or other equivalent faikicesafety techniques/actuators.

537.3.3.5  The.means of operating (handles, pusittons, etc.) devices for emergency switching off shall be
clearly identified, preferably by colour. If a colour is used for identification, this shall be RED with a contrasting
background.(e.g. yellow).

NOTE: Thecontrasting background may or may not inclteh.

537.3.3.6  Themeanf operatingshallbereadilyaccessiblat placesvherea dangemight occurand,where
appropriate; at any additional remote position from which that danger can be removed.

Devicesfor emergencygwitchingoff shallbesoplacedasto bereadilyidentifiableandconvenientor theirintendeduse.

537.3.3.7  The means of operation of a device for emergency switching off shall be capable of latching in the
'‘OFF'position,unlesshoththe meansf operationfor emergencyswitchingoff andfor re-energizingareunderthe
control of the same person.

The releaseof an emergencyswitching device operatedremotely shall not re-energizethe relevantpart of the
installation.

The operation of the emergency switching device shall have priority over any other function relative to safety and
shall not be inhibited by any other operation of the installation.

537.4 Firefighter's switches
537.4.1 Firefighter'sswitches shaltomplywith IEC 606692-6 or IEC 609473.
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537.4.2 A firefighter'sswitch shalbe providedin thelow voltagecircuit supplying:
(i) outdoorlighting installationsoperatingat a voltageexceedindgow voltage,and
(i) indoordischargdighting installationsoperatingata voltageexceedingow voltage.
Thisrequirementioesnotapplyto aportabledischargdighting luminaireor to asignof ratingnotexceedind.OOW and
fed from an accessible sockaitlet.
NOTE: Installationsin certainpremisessubjectto licensingconditions,suchas petrol stationforecourts,may requirethe
installationofaf i r e f bwitdn.t er 6 s

537.4.2.1 Every outdoor installation on each single premises should wherever practicable be controlled.by a
single firefighter's switch. Similarly, every internal installation in each single premises should be controlled by a
single firefighter's switch independent of the switch for any outdoor installation.

537.4.2.2 Everyfirefighter'sswitchshouldcomplywith thefollowing requirementsyhereapplicable:

(i) for an outdoor installation, the switch should be outside the building and adjacent to the equipment, or
alternativelya noticeindicatingthe positionof the switchshouldbe placedadjacentoitheequipmentinda
notice should be fixed near the switch so as to render it clearly distinguishable

(i) for anindoorinstallation the switch shouldbein the mainentranceo the building orin.anothemositionto
beagreedwith thelocalfire authority

(ii) theswitchshouldbeplacedn aconspicuougosition,reasonablaccessibléo firefighters,atnotmorethan
2.75 m from the ground or the standing beneatfswith.

537.4.3 A firefighter'sswitch shallbe easilyvisible, accessiblandmarkedto indicatetheinstallationor part
of the installation which it controls.

537.4.4 The following information shall be distinctly and durably marked on the firefighter's switch in a
position where it can be seen clearly by a person standing on the ground at the intended site, without opening the
enclosure and when the switch is installed:

'ON'and'OFF'positions,in lettersnotlessthan10 mmhigh;
- lettersreadingFIREFIGHTER'SSWITCH or 'FIRESWITCH'in lettersnotlessthan10mm high.

Onceinstalled, thenandle offposition shalbeup.

NOTE: The'ON'positionmeangoweredandthe'OFF positionmeansunpowered.
538 MONITORING DEVICES

538.1 Insulation monitoring devices (IMDs) for IT systems
538.1.1 General

IMDs shallbe inaccordancevith IEC 615578.

An IMD is intendedto permanentlymonitortheinsulationresistancef anlT systemandprovidesanalarmwhere
the insulation resistance R below the response value. R

Rais theresponse valuef theIMD asdescribedn IEC 615578.

Rt is theinsulationresistancéetweerthesystemto whichit is connecte@&ndeithertheearth the PEconnectioror
another reference point for protective equipotential bonding.

Examplesof thesesystemsvould beanelectrical installationa mobile generatoor a safetyservice.
An IMD shallbeinstalledin anlIT system wherselectedo meetwith therequiremenbf Section 411.6.4.
IMDs shall be installed as close as practicable to the origin of the part of the installation to be monitored.

Instructions shall be provided indicating that when the IMD detects an insulation fault to earth, the insulation|fault
shall be located and eliminated in order to restore normal operating conditions with the shortest practicable {lelay.

WherethelT systemis usedfor continuity of supply,theoccurrencef afirst insulationfault shallbeindicatedata
suitablelocation so it isaudible and/or visible by instructed or skillperson(s).

NOTE: Thisalarm may be relayed throughbuildingmanagement syste(8MS).

It is recommendedo usean IMD that signalsan interruption of the measurementonnectiongo the system
conductors and earth.
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538.1.2 Installation of insulation monitoring devices

Where a neutral conductor is distributed, an insulation monitoring device (IMD) may be connected to the neutral
conductor. In this case, no overcurrent protective device shall be inserted in the conductor connecting the IMD to
the neutral.

An IMD shallbeconnectegymmetricallyor unipolarlybetweerthelive conductor@andearthorthePEconnection
or another reference point for protective equipotential bonding.
Wherethe neutral conductorisot di st r i lbemminal dithe IMDwneay biedonnectedd
(i) eitherto anartificial neutralpointwith thethreeimpedancesonnectedo line conductorsor
(i) to a lineconductor.
Where, in a polyphase system, the IMD is connected between one line conductor and earth, it shall be suitable to
withstand at leastthe lie-l i ne vol tagetlkemveah iadminaldlt isné&@artho
NOTE: Thisvoltageappearscrosshesetwo terminalsin the caseof a singleinsulationfault on anotherine conductor.

For DC i nst altérminai(spofthe IMCt shadl be @dnmeoted &ither directly to the midpoint, if any, or
to one or all of the supply conductors.

Thesupplycircuit of IMD shallbeconnectectitherto theinstallationon the samecircuit of the connectingooint of
t h e terminahandas close as possible to the origin of the system, or to an-auxiliary source.

Theconnectingoointto theinstallationshallbeselectedn suchaway thatthe IMD. is ableto monitortheinsulation
of the installation in all operating conditions.

Wheretheinstallationis suppliedfrom morethanonepowersupply,connectedn parallel,onelMD persupplyshall
beused providedtheyareinterlockedin suchaway thatonly onelMD remainsconnectedo the systemAll other
IMDs monitor the disconnected power supply, enabling the reconnection of this supply without-axising
insulation fault.

IMDs shall be able to measurethe insulationresistanceof the systemif DC componentxausedby electronic
equipmente.g.rectifiersor convertorsarecontainedn thefault current.

538.1.3 Setting of the insulation monitoring  device

ThelMD shallhave aselection ofettingwaluesindbe adjustedo suitthe respectivanstallation.
Whenoperatinghormally with the maximumof loadsconnectedthe IMD shallbesetto alower valuecorresponding

to the normal insulation of the system.

NOTE: Av al ue o0 f(300ig0 @Gdr prefwerning) of therated system voltage @ example of typical settingalues.

Where IMDs are installed«in locations where ordinary persons have access to their use they shall be selected

and/orinstalledin-suchaway thatit shallbeimpossibleto modify the settingsexceptby the useof akey, atool or
a password.

538.2 Equipment for insulation fault location in IT systems

Equipment for insulation fault location shall be in accordance @ 615579. Where an ITsystem has been
selected for continuity of service, it is recommended to combine the IMD with devices enabling the fault location
on load. Their function is to indicate the faulty circuit when the IMD has detected an insulation fault.

538.3 Monitoring of off-line circuits

The insulation monitoring of circuits switched off may be carried out in TN, TT and IT systems with insulation
monitoring devices (IMDs) provided that the IMD is automatically deactivated whenever the safety equipment is
activated A prerequisite for it is that the monitored electrical circuits are isolated from all poles of the system.

NOTE: As an example, this can be applicable to a circuit comprising safety equipment which is norrealéygieed such
that the safety equipment is allowed to work without intervention of supply during the emergency.

Thereductionof theinsulationlevel shallbeindicatedocally by eitheravisualor anaudiblesignalwith theoption
of remote indication.

If the equipment is disconnect&édm the installation during theff-load insulation measuring process, ith&ulation
levelsto be measuredre generally verhpigh. The alarnthreshold should babove 30k q .
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538.4 Residual current monitors (RCMs)
538.4.1 General
RCMsshallcomplywith IEC 62020.

An RCM permanently monitors leakage and fault currents to earth of the downstream installation or part there of
and is intended to inform the user about the level of these currents of that part of the installation being monitored.

RCMsare not intendetb provide protectiomgainst electrishock.

Where an RCD is installed upstream of the RCM, it is recommended that the RCM be set to a residual actuating
current no higher than half of the rated residual operating curggno{ithe RCD.

It isrecommended th&®CMsare installedat the originof the outgoingircuits.

RCMsshall initiate araudible and/or visuaignal, which shaltontinue asong asthe faultpersists.

538.4.2 RCMs installed in IT systems

In IT systems where interruption of the supply in case of a first insulation fault to earth is not required or not
permitted, RCMs may be installed to indicate the occurrence of a first insulation:fault-from a live part to-exposed
conductiveparts or to earth in accordance wahction 411.6.4.

Whereusedin IT systemsit is recommendetb usedirectionallydiscriminatingRCMs, in orderto avoidunwanted
signalling of leakage current when high leakage capacitances are-liable to exist downstream from the point of
installation of the RCM.
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Annex A53

(Informative)

Device functions and coordination

Table A53.1 7 Devices and associated functions

Devices Functions
Product OCPD®@ | SCPD? | RCD® | Standard Overload | Short-circuit | Residual | Switching
protection | protection current only
protection

Circuit-breaker X IEC 609472 Yes Yes No No
IEC 608981
IEC 608982

RCCB X IEC 61008series No No Yes No
IEC 62423

RCBO X X IEC 61009series Yes Yes Yes No
IEC 62423

CBR X X IEC 609472, Yes Yes Yes No
AnnexB

MRCD?3 X X IEC 609472, Yes Yes Yes No
AnnexM

ICB X IEC 609472, No Yes No No
AnnexO

Fuse with full X IEC 60269series Yes Yes No No

rangebreaking

capacity

(e.9.9G,gM)®)

Fuse with X IEC 60269series No Yes No No

partialrange

breaking

capacity

(e.g. aMyv

CPS X IEC 609476-2 Yes Yes No No

Contactor IEC 609474-1 No No No Yes
IEC 61095

Overloadrelay IEC 609474-1 Yes No No No

Switchor IEC 609473 No No No Yes

switch

-disconnector IEC 606692-2
IEC 606692-4

TSE IEC 609476-1 No No No Yes

@ fusecombinationunitsaccordingto IEC 609473 areconsideredn this row

@ genericabbreviationsisedin this documenfor devices
) whenassociatedavith a circuit-breaker.

76



Ab3.1 Basis of correct co-ordination

Thebasisof theco-ordinationbetweerelectricalequipments to takeadvantag®f the correctcombinatiornof their
electrical characteristics in order not to impair:

- thesafetyof aninstallation(i.e. to avoidequipmentombustiordueto anelectricalfault). Combinedshort
circuit protection of OCPDs and baalp protection by an OCPD relate to the safety of an installation

- thesafetydueto continuity of service,if neededi.e. to restrictdisconnectiorio thefaulty circuit in caseof
overcurrent or fault to earth).

Selectivitybetweenrelectricaldevicesprovidescontinuity of serviceandthusavoidsdangerdinked to the lossof
supplyof specificcircuits.

AB53.2 Parameters

Theparameter$or the correctco-ordinationbetweerelectricaldevicesmay be:
- designcurrent
- prospective shostircuit or faultcurrent
- operating time oflevices
- systemvoltage
- energy(let-throughl? values)
- peak letthroughcurrent.

In addition,for fuses thefollowing parametershouldbe considered:
- pre-arcingl? andpre-arcingtime
- operatingl? andoperatingtime.
Device co-ordination table

TableA53.2 shows the types of combination of devices\and cells to show how various modesdihaton can
affect safety.
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Table A53.2 1 Device co-ordination in a LV electrical installation

Section Modesof co-ordination Devicesinvolved Impact on Impact on safety
safety of dueto continuityof
installation service

536.4.1.2 BetweenOCPDs Yes

536.4.1.3
Selectivity
536.4.1.4 BetweenRCDs Yes
536.4.1.5 BetweerOCPDand Yes
RCD
536.4.2.1 Combinedshortcircuit OCPDs Yes
protection
536.4.2.2 BetweenOCPDand Yes
contactorspverload
Current or time relays
basectonditions 536423 | Backupprotectionin case | BetweerOCPDand Yes
of shortcircuit switched TSE or
impulse relays
536.4.2.4 BetweenrOCPDand Yes
RCCB
536.4.3.1 BetweernOCPDand Yes
contactor-or SCPD
536.4.3.2 Protectiorin caseof BetweerOCPDand Yes
switched TSE or
overload ;
impulse relays
536.4.3.2 BetweerOCPDand Yes
RCCB
Voltagebased 536.4.4 Selectivity Between OCPDs Yes
conditions equipped with
undervoltagerelay
A53.3 Between circuit -breakers or circuit -breaker and CPS or circuit -breaker and overload

relay or circuit -breaker and motor starter

Selectivityin caseof overloadis verified by the comparisorof time/currentcharacteristicef the devicesinvolved.
The maximum operating.time of the device on the load side must be lower than ttrgppiog time of the
circuit-breakeifor anyoverloadcurrent.Separatiorof thecharacteristicin boththetime andcurrentaxesprovides
selective operation in this.zone.

A53.4 Between” fuses

Selectivity in case.of overload is verified by the comparison of time/current characteristics of the fuses involved.
Thetotaloperatingime of thefuseon theloadsidemustbelower thanthepre-arcingtime of thefuseonthesupply

side. Fuses ttEC 602692 of the same utilization category (e.g. type gG) with rated current afdd above
will-provide total selectivity if the ratio of the rated currents is 1.6:1 or greater. Separation of the characteristics in
both the time and current axes provides selective operation in this zone.

A53.5 Between circuit -breaker (upstream) and fuse (downstream)

Selectivity in case of overload is verified by comparison of the time/current characteristics, taking into account
the trip setting of the circultreaker where applicable. When using published -oreent characteristics, the
maximum operating time curve must be taken for the downstream device and the minimum operating time curve
must be taken for the upstream device. Separation of the characteristics in both the time and current axes provides
selective operation in this zone.

A53.6 Between fuse (upstream) and circuit -breaker (downstream)

Selectivityin caseof overloadis verified by comparisorof thetime/currentcharacteristicsakinginto accounthe

trip settingof thecircuit-breakemwhereapplicable The maximumoperatingtime of the circuit-breakerasgiven by

the manufacturer must be lower than the minimumaooing time of the fuse as given by the product standard.
Separation of the characteristics in both the time and current axes provides selective operation in this zone.
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A53.7 Between circuit -breakers
Generally referenceshouldbemadetothema n u f a ddacumerdatios.d

In principle,selectivityis assuredip to thefault currentlevel atwhich the peakcurrentlet-throughof the downstream
circuit-breakeris lessthanthe peakvaluecorrespondingo theinstantaneousipping level of the upstreantircuit-
breakerWheretheupstreantircuit-breakehasdedicatedelectivebehaviourtheselectivitylimit mightbehigher.

A53.8 Between fuses

Selectivity in case of shedircuit is verified by comparison of thé alues The maximum operatingtlvalue-of
thefuseontheloadsideshouldbelowerthantheminimumpre-arcingl?t valueof thefuseon thesupplyside.Fuses
to IEC 602691 of the sameutilization category(e.g.type gG) with ratedcurrentof 16 A andabovewill provide
total selectivity if the ratio of the rated currents is 1.6:1 or greater.

A53.9 Between circuit -breaker (upstream) and fuse (downstream)

The peak lethrough current of the fuse should be lower than the minimum instantaneous tripping current of the
circuit-breaker.

Data for peak values of fuses shoulid b edoduraektation.If r om t
data is taken from the manufacturer, this should be stated in the documentation of the installation.

A53.10 Between fuse (upstream) and circuit -breaker (downstream)

Theminimumpre-arcingl? valueof thefuseshouldbehigherthanthe maximumlet-throughl?t valueof thecircuit-
breakeifor anyshortcircuit currentup to the maximumprospectiveshortcircuit currentto be consideredDatafor
I’t valuesof fusesshouldbetakenfrom therelevantstandard/othema n u f a decumertatianld datais taken
from the manufacturerthis shouldbe statedin the documentatiomf the installation.The maximumlet-throughl?t
value of thecircubbr eaker should be obtdataned from the manufactu

Possible fault currents in systems with semiconductors

In the diagrams of the following Figure A53:, circuits with most likely fault currents in connection with
semiconductor devices are shown.
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Figure A53.1 71 Possible fault currents in systems with semiconductors
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CHAPTER 54:EARTHING ARRANGEMENTS AND PROTECTIVE CONDUCTORS

541 GENERAL

541.1 Everymeansf earthingandeveryprotectiveconductorshallbe selectedanderectedsoasto satisfy
the requirements of th&ections.

541.2 Theearthingsystemof aninstallationmay be subdivided jn which caseeachpartthusdivided shall
comply with the requirements of this chapter.

541.3 Wherethere isalso a lightningorotection system, reference shallrbade toKS IEC 62305

542 EARTHING ARRANGEMENTS

542.1 General requirements

542.1.1 The earthingarrangementmay be usedjointly or separatelyor protectiveandfunctionalpurposes,

according to the requirements of the installation.

542.1.201 The main earthing terminal shall be connected with Earth by one of the'methods descgibetibim
s 542.1.2.1 to 542.1.2.3, as appropriate to the type of system of which the installation is to form a part and in
compliance withSections 542.1.3.1 and 542.1.3.2.

NOTE: Refer toPart2 andAppendix 5for definitionsof systems.
542.1.2 Supply arrangements

542.1.2.1 For aTN-S system, means shall be provided for the main earthing terminal of the installation to be
connected to the earthed point of the source of ener
lines and equipment.

542.1.2.2 ForaTN-C-Ssystemwhereprotectivemultiple earthingis provided,meanshallbeprovidedfor the
main earthing terminal of the installation to be connected by the distributor to the neutral of the source of energy.

542.1.2.3 ForaTT or IT systemthemainearthingterminalshallbe connectedriia anearthingconductorto an
earth electrode complying witBection 542.2.

542.1.2.4 Where the supply to an installation is at high voltage, protection against faults between the high
voltage supply and earth shall be provided in accordance with Section 442.

542.1.3 Installation earthing .« arrangements

542.1.3.1  Theearthingarrangementshallbe suchthat:

(i) thevalueofimpedancdromthec o n s u megneabtlingterminalto theearthedointof thesupplyfor TN
systemsor to Earthfor TT andIT systemsis in accordancevith the protectiveandfunctionalrequirements
of the installation;.and considered to be continuously effective, and

(i) earth fault.currents and protective conductor currents which may occur are carried without danger,
particularly from.thermal, thermomechanical and electromechanical stresses, and

(i) theyareadequatelyobustor haveadditionalmechanicaprotectionappropriateo the assessedonditions
of externalinfluence.
542:1.3.2 Precautionshallbetakenagainstherisk of damageo othermetallic partsthroughelectrolysis.

542.1.3.3 Where a number ahstallations have separate earthing arrangements, any protective conductors
common to any of these installations shall either be capable of carrying the maximum fault current likely to flow
through them or be earthed within one installation only and insulated from the earthing arrangements of any other
installation. In the latter circumstances, if the protective conductor forms part of a cable, the protective conductor
shall be earthed only in the installation containing the associated protective device.

542.2 Earth electrodes

542.2.1 Thedesignusedfor, andthe constructiorof, anearthelectrodeshallbe suchasto withstanddamage
and to take account of possible increase in resistance due to corrosion. |
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542.2.2 Suitableearthelectrodeshallbeused.Thefollowing typesof earthelectrodearerecognizedor the |
purposes of th&ections:

(i) Earthrodsor pipes
(i) Earthtapesor wires

(i) Earthplates

(iv) Undergroundstructuraimetalworkembeddedh foundationsor othermetalworkinstalledin thefoundations |
(v) Weldedmetalreinforcemenbf concretgexceptpre-stressed¢oncreteembeddedn theground

(vi) Leadsheathsndothermetalcoveringsof cableswherenot precludedoy Section 542.2.5

(vii) othersuitableundergroundanetalwork.

NOTE: Furtherinformationon earth electrodesanbe foundin IEC 603645-54.

542.2.3 Wherefoundationearthelectrodegreinstalled the materialsanddimension®f the earthelectrodes
shall be selected to withstand corrosion and to have adequate mechanical strength.

NOTE: If a lightning protection system (LPB)presentKS IEC 623051 applies.

542.2.4 The type and embedded depth of an earth electrode shall be such.that soil drying and freezing will
not increase its resistance above the required value.

542.2.5 The use, as an earth electrode, of the lead sheath or other metal.covering of a cable shall be subject
to all of the following conditions:

() Adequateprecautionshallbetakento preventexcessivaleterioratiory corrosion
(i) Thesheath ocovering shall bén effectivecontact withEarth
(iii) The consent of the owner of the cable shalbb&ined

(iv) Arrangementshallexistfor theownerof theelectricalinstallationto bewarnedof any proposedhangeo
the cable which might affect its suitability as an earth electrode.

542.2.6 A metallic pipe for gases or flammable liquids'shall not be used as an earth electrode. The metallic
pipe of awaterutility supplyshallnotbeusedasanearthelectrode Othermetallicwatersupplypipeworkshallnot
beusedasanearthelectrodeunlessprecautiongretakenagainsits removalandit hasbeenconsideredor suchause.

542.2.7 An earth electrode shall not consist of a metal object immersgdter.

542.2.8 Whereanearthelectrodeconsistof partsthatmustbeconnectedogetherconnectionshallbemade
by welding, pressure connectors;‘clamps or other suitable mechanical connectors.

542.3 Earthing conductors

542.3.1 Every earthing conductor shall comply with Section 543 and, where PME conditions apply, shall
meet the requirements:8ection 544.1.1 for the crossectional area of a main protective bonding conductor. In
addition, where buried in the ground, the earthing conductor shall have sseobismal area not less than that

stated in Table 54.1. For a tape or strip conductor, the thickness shall be such as to withstand mechanical damage
and corrosion.

NOTE: For further information sed=C 603645-54.

TABLE 54.17
Minimum cross -sectional area of a buried earthing conductor

Protected against mechanicaimage Not protectechgainsmechanical
damage

Protectedgainstorrosionby a 2.5mn? copper 16 mm? copper
sheath

10 mn¥ steel 16 mn¥ coatedsteel
Not protected againsbrrosion 25 mn? copper

50 mn¥ steel
542.3.2 The connectionof an earthingconductorto an earth electrodeor other meansof earthingshall

be soundly made and be electrically and mechanically satisfactory, and labelled in accordar8ectiath
514.13.1(i). It shall be suitably protected against corrosion. |
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542.4 Main earthing terminals or bars

542.4.1 In every installationa main earthingterminal shall be providedto connectthe following to the
earthing conductor:

(i) The circuit protectiveonductors
(i) The protective bondingonductors
(i) Functionalearthingconductorgif required)
(iv) Lightning protectionsystembondingconductorjf any(seeSection 411.3.1.2).
542.4.2 To facilitate measuremertf theresistancef the earthingarrangementsneansshallbe providedin

an accessible position for disconnecting the earthing conductor. Such means may conveniently be combined with
the main earthing terminal or ba&my joint shall be capable of disconnection only by means of a tool.

543 PROTECTIVE CONDUCTORS

543.1 Cross -sectional areas

543.1.1 The crosssectional area of every protective conductor, other than a protective bonding conductor,
shall be:

(i) calculated in accordance wiBection 543.1.3or
(i) selected in accordance wiiection 543.1.4.

Calculationin accordanceavith Section 543.1.3is necessaryf the choiceof crosssectionalareaof line conductors
has been determined by considerations of stimctiit current and if the earth fault current is expected to be less
than the shottircuit current.

If the protectiveconductor:
(i) isnot an integral part of a cablar,
(iv) isnot formed by conduit, ducting or trunkingy,
(v) isnot contained in an enclosure formed by a wisggtem,

the crosssectional area shall be not less than2.5mwpper equivalent if protection against mechanical damage
is provided, and 4 matopper equivalent if mechanical protection is not provided (seeSalstion 543.3.1).

For a protectiveconductorburiedin the groundSection 542.3.1for earthingconductorsalsoapplies.The cross
sectional area of a protective bonding conductor shall comply with Section 544.

543.1.2 Wherea protective conductor sommonto two or more circuitsts crosssectional area shdbke:

(i) calculated in accordance wiBection 543.1.3 for the most onerous of the values of fault current and
operating time encountered in each of the various circuits, or

(i) selectedn accordancevith Section 543.1.4soasto correspondo thecrosssectionabreaof thelargest
line conductorof the circuits.

543.1.3 The crosssectional area, where calculated, shall be not less than the value determined by the
following formula or shall be obtained by referencéE€ 60949

JPt

S=T

NOTE: Thisequations anadiabatic equatioand isapplicable fordisconnection timesot exceedings.

where:
S isthe nominal crossectional area of the conductomm?

I is the value in amperes (rms f&€) of fault current for a fault of negligible impedance, which can |
flow through the associated protective device, due account being taken of the current limiting effect
of the circuit impedances and the limiting capabilify) (bf that protective device

t  istheoperatingtime of the protectivedevicein secondsorrespondindo the fault currentl amperes

k isafactortakingaccounof theresistivity,temperatureoefficientandheatcapacityof the conductor
material,andtheappropriaténitial andfinal temperatures.
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Valuesof k for protectiveconductorsn varioususeor serviceareasgivenin Tables54.2to 6. Thevaluesarebased
ontheinitial andfinal temperaturegdicatedin eachtable.

Wherethe application ofthe formula producesa non-standardsize,a conductorhavinga larger standardcross

sectional area shall be used.

Values of k for insulated protective conductor not incorporated

TABLE 54.21

in a cable and not bunched with cables,

or for seperate bare protective conductor in contact with cable covering but not bunched with cables,
where the assumed initial temperature is 30 °C

Insulation of protective conductor or calsl@vering

Material ofconductor 70°C 90°C 902°C
thermoplastic thermoplastic thermosetting
Copper 143/133* 143/133* 176
Aluminium 95/88* 95/88* 116
Steel 52 52 64
Assumed initiatemperature 30°C 30°C 30°C
Final temperature 160 °C/140°C* 160 °C/140°C* 250°C

* Above 300mnY

TABLE 54.31

Values of k for protective conductor incorporated in a.cable or bunched with cables,

where the assumed initial temperature is. 70 °C

or greater

Insulationmaterial

Material ofconductor 70°C 90°C 90°C
thermoplastic thermoplastic thermosetting
Copper 115/103* 100/86* 143
Aluminium 76/68* 66/57* 94
Assumed initiatemperature 70°C 90°C 90°C
Finaltemperature 160 °C/140°C* 160 °C/140°C* 250°C
* Above 300mn¥
TABLE 54.47
Values of k-for.for the’sheath or armour of a cable as the protective conductor
Insulationmaterial
Material ofconductor 70°C 90°C 90°C
thermoplastic thermoplastic thermosetting
Aluminium 93 85 85
Steel 51 46 46
Lead 26 23 23
Assumed initiatemperature 60°C 80°C 80°C
Final temperature 200°C 200°C 200°C
TABLE 54.57
Values of k for steel conduit, ducting and trunking as the protective conductor
Insulationmaterial
Material of protectiveeonductor 70°C 90°C 90°C
thermoplastic thermoplastic thermosetting
Steel conduit, ducting artdunking 47 44 58
Assumed initiatemperature 50°C 60°C 60°C
Final temperature 160°C 160°C 250°C
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TABLE 54.61

Values of k for bare conductor where there is

no risk of damage to any neighbouring material by the temperature indicated

NOTE: Thetemperaturesdicatedare validonly wherethey donotimpairthe qualityof the connections.

Conditions
Material ofconductor Visible andin Normalconditions Fire risk
restrictedareas

Copper 228 159 138
Aluminium 125 105 91
Steel 82 58 50
Assumed initiatemperature 30°C 30°C 30°C
Finaltemperature

Copperconductor 500°C 200°C 150°C

Aluminium conductor 300°C 200°C 150°C

Steelconductor 500°C 200°C 150°C

543.1.4 Where it is desired not to calculate the minimum cseEssgional area ofa protective conductor in

accordance witlsection 543.1.3, the crossectional area may be determined in-accordance with Table 54.7.

Wherethe applicationof Table 54.7 producesa nhon-standardsize, a conducterhaving a larger standardcross

sectional area shall be used.

TABLE 54.71

Minimum cross -sectional area of protective- conductor
in relation to the cross -sectional area of.associated line conductor

. . Minimum crosssectional.area of the corresponding proteatimeductor
Crosssectionahreaof line - - - -
conductor If theprotectiveconductoiis If theprotectiveconductoiis
S of the same material not of the same material
astheineconductor asthe lineconductor
(mn?) (mn?) (mn?)
R k)
SO16 S xS
R k,
16 < SO35 16 5 x 16
S LI
S>35 5 k, "2
where:
k1 is thevalueof k for theline conductor selectedrom Table43.1in Chapte3accordingto the
materials of both conductor and insulation.
k> is thevalueof k for the protectiveconductor selectedrom Tables54.2to 54.6,asapplicable.
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543.2 Types of protective conductor

543.2.1 A protective conductor may consist of one or more ofdliewing:
(i) Asinglecorecable
(i) A conductor in able
(i)  Aninsulated or bare conductor in a common enclosure with insulatecbingictors
(iv) A fixed bareor insulatedconductor
(v) A metal covering, for example, the sheath, screen or armouringadie

(vi) A metal conduit, metallic cable management system or other enclosure or electrically continuous support
system for conductors

(vii) an extraneousonductivepart complying withSection 543.2.6.
543.2.2 Where a metal enclosure or frame of a low voltage switchgear or controlgearassembly or busbar
trunking system is used as a protective conductor, it shall satisfy the following three requirements:

(i) Its electrical continuity shall be assured, either by construction or by suitable eonnection, in such a way as
to be protected against mechanical, chemical or electrochemical deterioration

(ii) Its crosssectionalareashallbe at leastequalto thatresultingfrom the applicationof Section 543.1,or
verified by testin accordancevith the appropriatgartof IEC 61439series

(i) It shallpermitthe connectiorof otherprotectiveconductorsat everypredeterminedap-off point.

543.2.3 A gaspipe,anoil pipe,flexible or pliable conduit,supportwiresor otherflexible metallic parts,or
constructionapartssubject tamechanicabktressn normal serviceshallnot beselectedasa protectiveconductor.

543.2.4 A protectiveconductorof thetypesdescribedn items(i) to (iv) of Section 543.2.1andof cross
sectional area 10 nor less, shall be of copper.

543.2.5 The metal covering including the sheath (bare.or insulated) of a cable, in particular the sheath of a
mineralinsulatedcable trunkingandductingfor electricalpurposesandmetalconduit,maybeusedasa protective
conductor for the associated circuit, if it satisfies.both requirements of items (i) andS@gtasn 543.2.2.

543.2.6 Except as prohibited by Section=543.2.3,an extraneousonductivepart may be usedas a |
protectiveconductoiif it satisfiesall thefollowing requirements:

(i) Electrical continuity shall be assured, either by construction or by suitable connection, in such a way as to
be protected against mechanical, chemical or electrochemical deterioration

(i) The crosssectional area shallbe at least equal to that resulting from the applicaBentimin 543.1.1
(i)  Unlesscompensatoryneasuregreprovided,precautionshallbetakenagainstits removal
(iv) It hasbeenconsideredor suchauseand,if necessarysuitablyadapted.

543.2.7 Where the protective conductor is formed by metal conduit, trunking or ducting or the metal sheath
and/or armour of a cable, the earthing terminal of each accessory shall be connected by a separate protective
conductor to an earthing'terminal incorporated in the associated box or other enclosure.

543.2.8 Notused |

543.2.9 Exceptwherethecircuit protectiveconductoiis formedby ametalcoveringor enclosurecontaining
all of the conductors of the ring, the circuit protective conductor of every ring final circuit shall also be run in the
form of.a ring having both ends connected to the earthing terminal at the origin of the circuit.

543.2.10 A separate metal enclosure f@ble shall not based as PENconductor.
543.3 Preservation of electrical continuity of protective conductors

543.3.1 A protectiveconductoishallbesuitablyprotectecagainsimechanicaandchemicaldeterioratiorand
electrodynamic effects.

543.3.2 Every connection and joint shall be accessible for inspection, testing and maintenance except as
provided bySection 526.3.
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543.3.201 A protective conductor having a cressctional area up to and including 6 fshall be protected
throughout by a covering at least equivalent to that provided by the insulation of acsirglgorsheathed cable
of appropriate size having a voltage rating of at least 450/750 V, except for the following:

(i) A protective conductor forming part of a multicaable

(i) A metal conduit, metallic cable management system or other enclosure or electrically continuous support
system for conductors, where used as a protective conductor.

Where the sheath of a cable incorporating an uninsulated protective conductor «fectassal area up to and
including 6 mni is removed adjacent to joints and terminations, the protective conductor shall be protected:.by
insulating sleeving complying witdS IEC 60684series.

543.3.3.101 No switchingdeviceshallbeinsertedn a protectiveconductor except:

(i) aspermitted bySection537.1.5

(i) a multipole, linked switching in which the protective conductor circuit is not interrupted before the live
conductors and is restablished not later than when the live conductors are reconnected

(i) a switching device interlocked with a multipole, linked switching device inserted in.the live conductors
such that the protective conductor circuit shall not be interrupted before the live conductors and shall be
re-established not later than when the live conductors are reconnected,or

(iv) a multipole plugin device in which the protective conductor circuit shall not.be interrupted before the live
conductors and shall be-established not later than when the live conductors are reconnected.

Switchingdevicesprovidedin accordancavith (i), (i), (iii) and(iv) shallmeettherequirement®f Chapter46 and
Section 537 for a device for isolation.

Jointsfor testpurposeshatcanbedisconnectednly by theuseof atool maybeinsertedn aprotectiveconductor.

543.3.4 Where electrical earth monitoring is used,.no dedicated devices (e.g. operating sensors, coils) shall
be connected in series with the protective conductorlEZeé1557.

543.3.5 An exposeeconductivepartof equipmenshallnot be usedto form a protectiveconductorfor other
equipment except as provided $gctions 543.2.1;.543.2.2-and 543.2.5.

543.3.6 Every joint in metallic conduit shall be mechanically and electricahtinuous.

543.4 Combined protective and neutral” (PEN) conductors

543.4.1 PEN conductorsshallnot beusedwithin aninstallationexceptaspermittedby Section 543.4.2.

543.4.2 Theprovisionsof 'Sections 543.4.3to 543.4.8maybe appliedonly:

(i) whereanynecessarguthorizatiorfor useof a PENconductohasbeenobtainedandwheretheinstallation
complies with the conditions for that authorization, or

(i) where the installation is supplied by a privately owned transformer or convertor in such a way that there is
no metallic connection (except for the earthing coc

(i) wherethe supply’iobtained from a private generatiptant.

543.4.3 If, from any point of the installation, the neutral and protective functions are provided by separate
conductors, those conductors shall not then be reconnected together beyond that thanpoint of separation,
separategerminalsor barsshall be providedfor the protectiveand neutralconductors. Thé?EN conductorshall

be connected to the terminals or bar intended for the protective earthing conductor and the neutral conductor. The
conductance of the terminal link or bar shall be not less than that speciBedtion 543.4.5.

543:4.4 The outer conductor of a concentric cable shall not be common to more than one circuit. This
requirementoesnot precludethe useof atwin or multicorecableto serveanumberof pointscontainedwithin one
final circuit.

543.4.5 The conductance of the outer conductor of a concentric cable (measured at a temperature of 20 °C) shall:
(i) for a singlecore cable, baot lesghan thabf the internatonductor

(i) for a multicore cableservinga numberof pointscontainedwithin onefinal circuit or havingthe internal
conductorzonnectedn parallel,benotlessthanthatof theinternalconductorconnectedn parallel.
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543.4.6 At every joint in the outer conductor of a concentric cable and at a termination, the continuity of
that joint shall be supplemented by a conductor additional to any means used for sealing and clamping the outer
conductor. The conductance of the additional conductor shall be not less than that spesdmthm543.4.5 for

the outer conductor.

543.4.7 No meansof isolation orswitching shall be insertad the outer conductaf a concentricable.

543.4.8 Excepting a cable ttEC 607021 installed in accordance with the manufacturer's instructions, the
PEN conductor of every cable shall be insulated or have an insulating covering suitable for the highest voltage to
which it may be subjected.

543.4.201 Forafixed installation,aconductorof acablenotsubjectto flexing andhavinga crosssectionahrea
not less than 10 mhfor copper or 16 mAfor aluminium may serve as a PEN conductor provided that the part of
the installation concerned is not supplied through an RCD.

543.5 Earthing arrangements for combined protective and functional purposes

543.5.1 Where earthing for combined protective and functional purposes is required, the requirements for
protective measures shall take precedence.

543.6 Earthing arrangements for protective purposes

543.6.1 Whereovercurrenprotectivedevicesareusedfor fault protection theprotectiveconductorshallbe

incorporated in the same wiring system as the live conductors or in their.immediate proximity.

543.7 Earthing requirements for the installation of equipment. having high protective
conductor currents

543.7.1 General

543.7.1.201 Equipmenthavinga protectiveconductorcurrentexceedindg.5 mA but not exceedinglO mA, shall
beeitherpermanentlyconnectedo thefixed wiring of theinstallationwithouttheuseof a plug andsocketoutletor
connected by means of a plug and sockgtet complying withEC 603092.

543.7.1.202 Equipmenthavinga protectiveconductorcurrentexceedinglO mA shallbe connectedo the supply
by one of the following methods:

(i) Permanentlyonnectedo thewiring of theinstallationwith theprotectiveconductoiselectedn accordance
with Section 543.7.1.203The permanentonnectiorto thewiring may be by meanwf aflexible cable

(i) A flexible cablewith aplugandsocketoutletcomplyingwith IEC 603092, providedthateither:

(a) theprotectiveconductorf theassociatedlexible cableis of acrosssectionahreanotlessthan2.5mn?
for plugsratedat 16A and notessthan4 mnv for plugsrated abovd 6 A, or

(b) the protective conductor of the associated flexible cable is of asectisnal area not less than tbat
the lineconductor

(i) A protective ‘conductor complying with Section 543 with an earth monitoring systeiBQd1557
installed which,in the eventof a continuity fault occurringin the protective conductor,automatically
disconnectshe supply to the equipment.

543.7.1.203 The wiring of every final circuit and distribution circuit intended to supply one or more items of
equipment;-such that the total protective conductor current is likely to exceed 10 mA, shall have a high integrity
protective connection complying with one or more of the following:

(i)~ A single protective conductor having a creextional area of not less than 10 fnaomplying with the
requirements oSections 543.2 and 543.3

(i) A single copper protective conductor having a crsesstional area of not less than 4 fmomplying
with the requirements dbections 543.2 and 543.3, the protective conductor being enclosed to provide
additional protection against mechanical damage, for example, within a flexible conduit

(i)  Two individual protective conductors, each complying with the requirements of Section 543. The two
protectiveconductoranay be of differenttypes,e.g.a metalconduittogethemwith anadditionalconductor
of a cable enclosed in the same conduit.

Wherethetwo individual protectiveconductorsarebothincorporatedn amulticorecable thetotal crosssectional

area of all the conductors including the live conductors shall be not less than 2.00menof the protective
conductors may be formed by the metallic sheath, armour or wire braid screen incorporated in the construction of
the cable and complying witBection 543.2.5
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(iv) An earth monitoring systemto IEC 61557 may be installed which, in the eventof a continuity fault
occurring in the protective conductor, automatically disconnects the supply to the equipment

(v) Connectiorof theequipmento thesupplyby meanof adoublewoundtransformeior equivalenunit, such
asamotoralternatorset,the protectiveconductorof theincomingsupplybeingconnectedo the exposed
conductivepartsof theequipmentndto a point of the secondaryvinding of thetransformeior equivalent
device. The protective conductor(s) between the equipment and the transformer or equivalent device shall
comply with one of the arrangements described in (i) to (iv) above.

543.7.1.204 Where two protective conductors are used in accordanceSaition 543.7.1.203(iii), the ends of
the protectiveconductorsshall be terminatedindependentlyf eachotherat all connectionpointsthroughoutthe
circuit, e.g.thedistributionboard junctionboxesandsocketoutlets.This requiresanaccessoryo beprovidedwith
two separate earth terminals.

543.7.1.205 At the distribution board information shall be provided indicating those circuits having a high
protective conductor currenthis information shall be positioned so ad®visible to a person who is modifying
or extending the circuit.

543.7.2 Socket -outlet final circuits

543.7.2.201 For a final circuit with a number of socketitlets or connection units intended to supply two or
moreitemsof equipmentwhereit is knownor reasonablyo be expectedhatthetotal protectiveconductorcurrent

in normal service will exceed 10 mA, the circuit shall be provided with ‘a:high integrity protective conductor
connectioncomplyingwith the requirement®f Section 543.7.1.The following arrangementsf the final circuit

are acceptable:

() A ring final circuit with a ring protectiveconductor.Spurs,if provided,requirehigh integrity protective
conductorconnectiongomplyingwith therequirement®f Section 543.7.1

(i)  Aradialfinal circuit with asingleprotectiveconductor:
(a) theprotective conductor being connectechaing,or

(b) a separateprotectiveconductorbeing provided at.the final socketoutlet by connectionto the metal
conduit or ductingor

(c) where two or more similar radial circuits supply soetetiets in adjacent areas and are fed from the
same distribution board, have.identical means of stimtiit and overcurrent protection and circuit
protective conductors of the same cresstional area, then a second protective conductor may be
providedatthefinal socketoutleton onecircuit by connectiorto the protectiveconductornf theadjacent
circuit

(iii)  Othercircuitscomplyingwith therequirement®f Section 543.7.1.

544 PROTECTIVE BONDING CONDUCTORS
544.1 Main protective bonding conductors
544.1.1 Except where PME conditions apply, a main protective bonding conductor shall have -a cross

sectional area-not less than half the crmmstional area required for the earthing conductor of the installation and
not less than 6 mmThe crosssectional area need not exceed 257ifrthe bonding conductor is of copper or a
crosssectional area affording equivalent conductance in other metals.

Except for highway power supplies and street furniture, where PME conditions apply the main protective bonding
conductor shall be selected in accordance with the PEN conductor of the supply and Table 54.8. |

Whereaninstallationhasmorethanonesourceof supplyto which PME conditionsapply,amainprotectivebonding
conductor shall be selected according to the largest PEN conductor of the supply. |
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TABLE 54.81
Minimum cross -sectional area of the main protective bonding conductor
in relation to the PEN conductor of the supply

NOTE: Localdi st r indiworkaordiiossmayrequirealargerconductor.

Copperequivalentrosssectionabreaof the PEN Minimum copperequivalent*crosssectionabrea |
conductor of the main protective bonding conductor
35mn? or less 10 mn?
over35mn? up to50 mn? 16 mn?
over50 mn? up to95 mn? 25 mn?
over95mnv up to150mn? 35mn?
over 150mn¥ 50 mn?

*  Theminimumcopperequivalentrosssectionahreais givenby acoppetbondingconductoof thetabulated
crosssectional area or a bonding conductor of another metal affording equivalent conductance.

The main protective bonding connection to any extraneousuctivepart such as gas, water or other metallic
pipework or service shall be made as near as practicable to the point of entry.of that part into the jvesrses.
thereis ameter,isolationpoint or union,the connectiorshallbe madeto thec o n s unasimeias pipework and
before any branch pipeworkVhere practicable the connection shall be made within 600 mm of the meter outlet
union or at the point of entry to the building if the meter is external.

544.2 Supplementary bonding conductors

544.2.1 A supplementarybonding conductor connecting.two exposeeconductiveparts shall have

a conductance, if sheathed or otherwise provided with mechanical protection, not less than that of the smaller
protectiveconductorconnectedo the exposeeconductiveparts.lf' mechanicaprotectionis notprovided,its cross

sectional area shall be not less than 4mm

544.2.2 A supplementary bonding conductor connecting an exposeductivepart to an extraneous
conductivepart shall have a conductance, if sheathed or otherwise provided with mechanical protection, not less
thanhalf thatof the protectiveconductorconnectedo the exposeeconductivepart.If mechanicaprotectionis not
provided, its crossectional area shall be not.less than 42mm

544.2.3 A supplementarpondingconductorconnectingwo extraneousonductivepartsshallhavea cross
sectional area not less than 2.5 frifisheathed or otherwise provided with mechanical protection or 4 ifnm
mechanicaprotectionis not provided,exceptthatwhereoneof the extraneousonductivepartsis connectedo an
exposeeconductivepart in compliance wittSection 544.2.2, thatSection shall apply also to the conductor
connecting the two extranecusnductiveparts.

544.2.4 Except “where Section 544.2.5 applies, supplementary bonding shall be provided by a
supplementary conductor, a conductive part of a permanent and reliable nature, or by a combination of these.

544.2.5 Where supplementary bonding is to be applied to a fixed appliance which is supplied via a short
length of flexible cable from an adjacent connection unit or other accessory, incorporating a flex outlet, the circuit
protectiveconductomwithin theflexible cableshallbe deemedo providethe supplementarypondingconnectiorto
theexposedconductivepartsof theappliancefrom theearthingterminalin the connectiorunit or otheraccessory.
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CHAPTER 55 OTHER EQUIPMENT

550.1 Scope |

Chapter5s5 specifiesrequirementsand recommendationor the selectionand erectionof low voltageelectrical
equipmennotcoveredby otherpartsof KS 662exceptPart7, intendedo be partof thefixed installation.

551 LOW VOLTAGE GENERATING SETS
551.1 Scope

Thissectionappliesto low voltageandextralow voltageinstallationswvhichincorporategeneratingetsintendedo
supply,eithercontinuouslyor occasionallyall or partof theinstallation Requirementareincludedfor installations
with the following supply arrangements:

(i) Supplyto an installation which isot connected to a system for distribution of electricity. topihaic
(i) Supplyto an installation aan alternative to a system for distribution of electricity. topthlelic
(i) Supply to an installation in parallel with a system for distribution of electricity.tpubéc
(iv) Appropriatecombination®f theabove.

This section does not apply to setintained items of extdmw voltage electrical equipment which incorporate
both the source of energy and the enangiyng load and for which a specific product standard exists that includes
the requirements for electrical safety.
551.1.1 Generatingsetswith thefollowing powersourcesreconsidered:

(i) Combustiorengines

(i) Turbines

(iii)  Electricmotors

(iv) Photovoltaiccells

(v) Electrochemicahccumulators

(vi) Other suitablesources.

551.1.2 Generatingsetswith thefollowing electricalcharacteristicareconsidered:
() Mainsexcitedandseparatelgxcitedsynchronougenerators
(i) Mains-excitedandselfexcitedasynchronougenerators
(ii)  Mainscommutate@ndselcommutatedstaticconvertorawith or without bypasdacilities.

551.1.3 Theuseofgeneratingetsfor the following purposess considered:
(i) Supply topermanemistallations
(i) Supplytotemporarinstallations
(i) Supplyto'mobileequipmentvhich is not connectedo a permanentixed installation
(iv) Supplyto mobile units(Section 71@&lsoapplies).

551.2 General requirements

551.2.1 Themeansf excitationandcommutatiorshallbeappropriatdor theintendeduseof thegenerating
set and the safety and proper functioning of other sources of supply shall not be impaired by the generating set.

551.2.2 The prospective shoedircuit current and prospective earth fault current shall be assessed for each
sourceof supplyor combinationof sourceswhich canoperatandependentlypf othersourceor combinationsThe
shortcircuit rating of protective devices within the installation and, where appropriate, connected to a system for
distribution of electricity to the public, shall not be exceeded for any of the intended methods of operation of the
sources.
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551.2.3 Wherethe generatingsetis intendedto providea supplyto aninstallationwhich is not connectedo

asystenfor distributionof electricityto thepublic or to providea supplyasa switchedalternativeto sucha system,

the capacity and operating characteristics of the generating set shall be such that danger or damage to equipment
does not arise after the connection or disconnection of any intended load as a result of the deviation of the voltage
or frequencyfrom theintendedoperatingrange Meansshallbe providedto automaticallydisconnecsuchpartsof

the installation as may be necessary if the capacity of the generating set is exceeded.

NOTE 1: Consideratiorshouldbegivento theintendedduty cycleandsizeof individual connectedoadsasa proportionof the
capacity of the generating set and to the starting characteristics of any connected electric motors.

NOTE 2: Consideratiorshouldbegivento the powerfactor specifiedfor protectivedevicesn theinstallation.

NOTE 3: The installation of a generating set within an existing building or installation may change the conditions of external

influence for the installation (see Part 3), for example by the introduction of moving parts, parts at high temperature
or by the presence of flammable fluids and noxious gases, etc.

551.2.4 Provisionfor isolationshallmeettherequirement®f Chapterd6 andSection537for eachsourceor |
combination of sources of supply.

551.3 Protective measure: Extra-low voltage provided by SELV or PELV

551.3.1 Additional requirements for SELV and PELV where the installation
is supplied from more than one source

Where a SELV or PELV system may be supplied by more than one source, the requirensautsoof414.3
shall apply to each source. Where one or more of the sources is_earthed, the requirements for PELV systems in
Section 414.4 shall apply.

If one or more of the sources does not meet the requiremeBisctibn 414.3, the system shall be treated as a
FELV system and the requirementsSction 411.7 shall apply.

551.3.2 Where it is necessary to maintain the supply to an 4ovavoltage system following the loss of

one or more sources of supply, each source of supply or-combination of sources of supply which can operate
independently of other sources or combinations shall be capable of supplying the intended load of-kine extra
voltagesystem Provisionsshallbe madesothatlossof thelow voltagesupplyto anextralow voltagesourcedoes

not lead to danger or damage to other eldvavoltage equipment.

NOTE: Suchprovisionsmaybenecessanin.suppliesfor safetyserviceseeChapter56).
551.4 Fault protection

551.4.1 Fault protection“shall be provided for the installation in respect of each source of supply or
combination of sources of supply that can operate independently of other sources or combinations of sources.

Thefault protectiveprovisionsshallbe selectedr precautionshallbe takensothatwherefault protectiveprovisions |

are achieveth differentwayswithin the same installatioor part of an installatioaccordingto theactivesources

of supply, no influence shall occur or conditions arise that could impair the effectiveness of the fault protective
provisions.

NOTE: Thismight,for.examplerequiretheuseof atransformeprovidingelectricalseparatiorbetweerpartsof theinstallation

using different earthing systems.
551.4.2 The generating set shall be connected so that any provision within the installation for protection by
RCDs'in accordance with Chapter 41 remains effective for every intended combination of sources of supply.
NOTE: ) ‘Connection of livgpartsof the generatowith Earthmay affectthe protectiveneasure.

551.4.3 Protection by automatic disconnection of supply

551.4.3.1 Protectionby automaticdisconnectiorof supplyshallbe providedin accordancevith Section411,
exceptasmodifiedfor particularcasedy Section 551.4.3.2551.4.3.30r 551.4.4.

551.4.3.2  Additional requirements for installations where the generating set provides a
switched alternative to system for distribution of electricity to the public (standby systems)

551.4.3.2.1 Protection by automatic disconnection of supply shall not rely upon the connection to the earthed
pointof thesystentor distributionof electricityto the public whenthegenerators operatingasa switchedalternative
to a TN systemA suitable means of earthing shall be provided.
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551.4.3.3 Additional requirements for installations incorporating static convertors

551.4.3.3.1 Where fault protection for parts of the installation supplied by the static convertor relies upon the
automatic closure of the bypass switch and the operation of protective devices on the supply side of the bypass
switch is not within the time required by Section 411, supplementary equipotential bonding shall be provided
between simultaneously accessible expasmtiuctiveparts and extraneow®nductiveparts on the load side of

the static convertor in accordance wahction 415.2.

TheresistancgR) of the supplementaryprotectivebondingconductorequiredbetweersimultaneouslaccessible
exposeeconductivepartsandextraneousonductivepartsshallfulfil thefollowing condition:

R O .50/ I

where:

la is the maximumearthfault currentwhich canbe suppliedby the staticconvertorwhenthe
bypass switch is closed.

NOTE: Wheresuchequipments intendedto operaten parallelwith asystemfor distributionof electricityto the public, the
requirements oBection 551.7 also apply.

551.4.3.3.2 Precautionshallbetakenor equipmentshallbe selectedsothatthe correctoperationof protective
deviceds notimpairedby DC currentgyeneratedby a staticconvertor oy the presencef filters. |

551.4.3.3.3 A meansof isolationshallbeinstalledon both sidesof a staticconvertor.This requirementioesnot
applyonthe powersourcesideof a staticconvertorwhich is integratedn'the sameenclosureasthe powersource.

551.4.4 Additional requirements for protection by automatic disconnection where
the installation and generating set are not permanently fixed

This Section applies to portable generating sets and to generating sets which are intended to be moved to
unspecified locations for temporary or shtmtm use. Such-generating sets may be part of an installation which is
subject to similar use. Thisection does not apply-to permanent fixed installations.

NOTE: ForsuitableconnectiorarrangementseelEC.60309series.

551.4.4.1 Between separate items of equipment, protective conductors shall be provided which are part of a
suitable cable and which comply with Table 54.7.

All protectiveconductorshallcomplywith Chapters4.

551.4.4.2 Ina TN, TT or 1T system, every final circuit shall be provided with additional protection by mefns
of an RCD having the characteristics specifie®éttion 415.1.

NOTE: InanlT systemanRCD maynotoperatainlessoneof theearthfaultsis on apartof thesystenonthesupplysideof

the device.
551.5 Protection against overcurrent
551.5.1 Whereovercurrenprotectionof thegeneratingsetis required it shallbelocatedasnearaspracticable

to the generator terminals.

NOTE: " Thecontributionto the prospectiveshortcircuit currentby ageneratingsetmaybetime-dependenandmaybemuch
less than the contribution made by a system for distribution of electricity to the public.

551.5.2 Where a generating set is intended to operate in parallel with a system for distribution of electricity
to. the public, or where two or more generating sets may operate in parallel, circulating harmonic currents shall be
limited so that the thermal rating of conductors is not exceeded.
The effectsof circulatingharmoniccurrentsmaybelimited by oneor moreof thefollowing:

(i) Theselection ofgenerating setwith compensatedindings

(i) The provision of a suitable impedance in the connection to the generafooistar

(i) Theprovisionof switcheswvhichinterruptthecirculatorycircuit butwhichareinterlockedsothatatall times
fault protection is not impaired

(iv) Theprovisionof filtering equipment
(v) Other suitableneans.

NOTE: Consideration should be given to the maximum voltage which may be produced across an impedance connected to
limit circulating harmonic currents.
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551.6 Additional requirements for installations where the generating set provides a supply
as a switched alternative to the system for distribution of electricity to the public
(standby systems)

551.6.1 Precautions complying with the relevant requirements of Chapter 46 and Section 537 for isolgtion
shall be taken so that the generator cannot operate in parallel with the system for distribution of electricity to the
public. Suitable precautions may include one or more of the following:

(i) An electrical,mechanicalor electromechanicahterlock betweenthe operatingmechanismsr control
circuits of the changeover switching devices

(i) A system ofockswith a singletransferabléey

(i) A threeposition breakbeforemake changeovewitch

(iv) An automatic changeover switching device with a suitathézlock

(v) Othermeangroviding equivalensecurityof operation.
551.6.2 ForaTN-S systemwherethe neutralis notisolated,any RCD shallbe positionetto avoidincorrect
operation due to the existence of any parallel neeteh path.

NOTE: It maybedesirablan aTN systenmto disconnectheneutralof theinstallationfrom the neutralor PEN of the system
for distribution of electricity to the public to avoid disturbances such as induced voltage surges caused by lightning.

551.7 Additional requirements for installations where the generating set may operate in
parallel with other sources including systems for distribution of electricity to the
public

551.7.1 Whenageneratingetis usedasanadditionalsourceof supplyin parallelwith anothersource both

of thefollowing conditionsshallbefulfilled:

() Protection against thermal effects in accordance-with Chapteandi2protection against overcurrent in
accordance with Chapter 4hall remain effective in all situations

(i) Where an RCD is providing additional protection in accordance ®#htion 415.1 for a circuit
connecting the generator set to the installation, the RCD shall disconnect all live conductors, including the
neutral conductor.

551.7.2 A generatingetusedasanadditionalsourceof supplyin parallelwith anothesourceshallbeinstalled:
T onthesupplysideof all the overcurrenprotectivedevicesor thefinal circuitsof theinstallation,or

I ontheloadsideof all theovercurrenprotectivedevicedor afinal circuit of theinstallation butin thiscaseall the
following additionalrequirementshallbefulfilled:

() Theconductorof thefinal circuit shallmeetthe following requirement:
I;O0ln+1g
where:
I, is the currentcarryingcapacityof thefinal circuit conductors
Inds theratedcurrentof the protectivedeviceof thefinal circuit
Iy is the rated output current of the generating set
(ii) A generatingsetshallnotbe connectedo afinal circuit by meanf a plug and sockebutlet

(iif)~Theline andneutralconductorf thefinal circuit andof the generatingsetshallnot be connectedo
Earth

(iv) Unlessthedeviceprovidingautomatiadisconnectiorof thefinal circuitin accordanceavith Section
411.3.2 disconnects the line and neutral conductors, it shall be verified that the combination of the
disconnectiorime of theprotectivedevicefor thefinal circuitandthetime takenfor theoutputvoltage
of the generating set to reduce to 50 V or less is not greater than the disconnection time required by
Section 411.3.2 for the final circuit.

This Section doesnot applyto anuninterruptiblepowersupplyprovidedto supplyspecificitemsof currentusing
equipment within the final circuit to which it is connected.

551.7.3 In selectingandusinga generatingsetto runin parallelwith the systentor distributionof electricity

to the public, care shall be taken to avoid adverse effects to that system and to other installations in respect of
powerfactor,voltagechangesharmoniadistortion,unbalancestarting,synchronizingr voltagefluctuationeffects.

Where synchronization is necessary, the use of an automatic synchronizing system which considers frequency,
phase and voltage is to be preferred.
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551.7.4 Meansof automaticswitchingshallbe providedto disconnecthe generatingsetfrom the systemfor
distributionof electricity to the public in the eventof lossof thatsupplyor deviationof the voltageor frequencyat
the supply terminals from declared values.

For a generating set with an output exceedind\1the type of protection and the sensitivity and operating times
depend upon the protection of the system for distribution of electricity to the public and the number of generating
sets connected and shall be agreed by the distributor. For a generating set with an output not excietting 16
settings shall comply witfEC 61727

In the case of the presence of a static convertor, the means of switching shall be provided on the load side of the
static convertor.

551.7.5 Means shall be provided to prevent the connection of a generating set to the system for distribution
of electricity to the public in the event of loss of that supply or deviation of the voltage or frequency at-the supply
terminals from values required Bection 551.7.4.

NOTE: Forageneratingsetwith anoutputnotexceedindl6 A intendedo operaten parallelwith a systemfor distributionof
electricity to the public the requirements are givelE@ 61727

551.7.6 Means shall be provided to enable the generating set to be isolated from the system for distribution
of electricity to the public. For a generating set with an output exceedifg th@-accessibility of this means of
isolation shall comply with national rules and distribution system operator requirements. For a generating set with
an output not exceeding 26 the accessibility of this means of isolation shall comply W6 61727

551.7.7 Where a generating set may operate as a switched alternative to the system for distribution of
electricity to the public, the installation shall also comply vd#&ttion 551..6:

551.8 Requirements for installations incorporating /stationary batteries

551.8.1 Stationarybatterieshallbeinstalledsothattheyareaccessibl@nly to skilled or instructedpersons.

NOTE: Thisgenerallyrequireshebattery tobeinstalledin a securdocation orfor smallerbatteriesa secureenclosure.
The location or enclosure shall be adequatelytilated.

551.8.2 Batteryconnectionshallhavebasicprotectionby insulationor enclosure®r shallbearrangedsothat
two bare conductive parts having between them a potential difference exceeding 120 volts cannot be inadvertently
touched simultaneously.

552 ROTATING MACHINES

NOTE: SeealsoSection463.3 Motorcontrol.

552.1 Rotating machines

552.1.1 All equipment, including cable, of every circuit carrying the starting, accelerating and load currents

of a motor shall be suitable for a current at least equal to théadlcurrent rating of the motor when rated in
accordancewith the.appropriateKenyan StandardWherethe motor is intendedfor intermittentduty and for
frequent starting and stopping, account shall be taken of any cumulative effects of the starting or braking currents
upon the temperature rise of the equipment of the circuit.

552.1.2 Every electric motor having a rating exceeding 0.37 kW shall be provided with control equipment
incorporating’ means of protection against overload of the motor. This requirement does not apply to a motor
incorporatedn anitem of currentusingequipmentomplyingasawholewith anappropriat&Kenyan Standard.

552.1:3 Exceptwherefailure to startafterabrief interruptionwould belikely to causegreaterdangerevery

motor shall be provided with means to prevent automatic restarting after a stoppage due to a drop in voltage or
failure of supply,whereunexpectedestartingof the motormight causedangerThisrequirementoesnot preclude
arrangementfor startingamotoratintervalsby anautomaticcontroldevice whereotheradequatgrecautionsare

taken against danger from unexpected restarting.
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553 ACCESSORIES
553.1 Plugs and socket -outlets
553.1.1 Every plug and socketutlet shall comply with all the requirements of items (i) and (ii) below and,

in addition, with the appropriate requirementsSettions 553.1.2 to 553.2.2:

(i) Exceptfor SELV circuits,it shallnotbe possiblefor anypin of a plugto makecontactwith anylive contact
of its associated socketitlet while any other pin of the plug is completely exposed

(ii) It shallnotbepossiblgor anypin of aplugto makecontactwith anylive contaciof anysocketoutletwithin
the same installation other than the type of seokeiet for which the plug is designed.

553.1.2 Exceptfor SELV or aspecialcircuit from Section 553.1.5 everyplug andsocketoutletshall be of
the nonreversible type, with provision for the connection of a protective conductor.

553.1.3 ExceptwhereSection 553.1.5applies,in alow voltagecircuit everyplug andsocketoutletshall
conform with the applicablgenya Standard listed in Table 55.1.

TABLE 55.17
Plugs and socket -outlets for low voltage circuits
Typeof plugandsocketoutlet Rating(amperes) ApplicableStandard
Fusedblugsandshutteredsocketoutlets, | 13 KS EAS 495
2-pole and earth, for AC
Plugsandsocketoutlets(industrialtype) | 16, 32, 63125 KS IEC 603092

553.1.201  Every socketoutlet for householdand similar use shall be of the shutteredtype and, for an AC
installation, shall preferably be of a type complying viKitB495

553.1.5 A plug and sockebutlet not complying wittKS 495 or IEC 603092, may be used in singjghase
AC or twowire DC circuits operating at a nominalwoltage not exceeding 250 volts for:

() theconnectiorof anelectricclock, providedthatthe plugandsocketoutletaredesignedpecificallyfor that
purpose, and that each plug incorporates a fuse of rating not exceeding 3 amperes complyEg@ with
60269as appropriate

(i) theconnectiorof anelectricshaverprovidedthatthe socketoutletis eitherincorporatedn a shaversupply
unit complying withlEC'615582-5 |

(iii) acircuithavingspeciakcharacteristicsuchthatdangemould otherwiseariseor it is necessaryo distinguish
the function of the circuit.

553.1.6 A socketoutlet on a wall or similar structure shall be mounted at a height above the floor or any
working surface to.minimize the risk of mechanical damage to the soulet or to an associated plug and its
flexible cable which might be caused during insertion, use or withdrawal of the plug.

553.1.7 Wheremobile equipmentis likely to be used,provision shall be madeso that the equipmentcan
be fed from an adjacent and conveniently accessible sooklet, taking account of the length of flexible cable
normally.fitted to portable appliances and luminaires.

553.2 Cable couplers

553.2.1 Exceptfor a SELV or a Classll circuit, a cable coupler shall comply where appropriatewith
IEC 61535,IEC 603092 or IEC 603201, shallbe nonreversibleandshallhaveprovisionfor the connection of a
protective conductor.

553.2.2 A cablecouplershallbearrangedsothatthe connectoriof the coupleris fitted at the endof the cable
remote from thesupply.

554 CURRENT-USING EQUIPMENT

554.1 Electrode water heaters and boilers

554.1.1 Everyelectrodewaterheaterandelectrodeboiler shallbe connectedo anAC systenonly, andshall |

be selected and erected in accordance with the appropriate requirements of this section.
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554.1.2 The supply to the electrode water heater or electrode boiler shall be controlled by a linked circuit
breaker arranged to disconnect the supply from all electrodes simultaneously and provided with an overcurrent
protective device in each conductor feeding an electrode.

554.1.3 The earthing of the electrode water heater or electrode boiler shall comply with the requirements of
Chapterb4 and,in addition,theshellof theelectrodenaterheateror electrodeboiler shallbe bondedo themetallic
sheathandarmour,if any,of theincomingsupplycable.The protectiveconductorshallbe connectedo the shell of

the electrode water heater or electrode boiler and shall comphBedion 543.1.1.

554.1.4 Where an electrode water heater or electrode boiler is directly connected to a supply at a voltage
exceedindow voltage,theinstallationshallincludean RCD arrangedo disconnecthe supplyfrom the electrodes

on the occurrence of a sustained earth leakage current in excess of 10 % of the rated current of the electrode water
heater or electrode boiler under normal conditions of operation, except that if in any instance-a higher value is
essential for stability of operation of the electrode water heater or electrode boiler, the value may be,increaged to a
maximumof 15%. A time delaymaybeincorporatedn thedeviceto preventunnecessargperationn the eventof

imbalance of short duration.

554.1.5 Whereanelectrodevaterheateror electrodeboileris connectedo athreephasdow voltagesupply,

the shell of the electrode water heater or electrode boiler shall be connected to.the neutral of the supply as well as
to the earthing conductor. The curr@atrrying capacity of the neutral conductor‘shall be not less than that of the
largest line conductor connected to the equipment.

554.1.6 Exceptasprovidedby Section 554.1.7 wherethe supplyto anelectrodewaterheateror electrode

boiler is singlephase and one electrode is connected to a neutral conductor earthed by the distributor, the shell of
theelectrodevaterheateror electrodeboiler shallbeconnectedo the neutralofthe supplyaswell asto theearthing
conductor.

554.1.7 Where the electrode water heater or electrode boiler is not piped to a water supply or in physical
contactwith anyearthednetal,andwherethe electrodesndthewaterin contactwith the electrodesresoshielded

in insulating material that they cannot be touched while.the electrodes are live, a fuse in the line conductor may be
substituted for the circulbreaker required undéection 554.1.2 and the shell of the electrode water heater or
electrode boiler need not be connected to the neutral of the supply.

554.2 Heaters for liquids or other.substances having immersed heating elements

554.2.1 Everyheaterfor liquid or othersubstanceshallincorporateor be providedwith anautomaticdevice

to prevent a dangerous rise in temperature.

554.3 Water heaters having immersed and uninsulated heating elements

554.3.1 Every singlephase water heater or boiler having an uninsulated heating element immersed in the

water shall comply with therequirement®f Sections 554.3.2and554.3.3.This type of waterheateror boiler is
deemed not to be an‘electrode water heater or electrode boiler.

554.3.2 All ‘metalpartsof theheateror boilerwhich arein contactwith thewater(otherthancurrentcarrying
parts)shallbesolidly andmetallicallyconnectedo a metalwaterpipethroughwhich thewatersupplyto the heater
or boileris provided;andthatwaterpipe shallbe connectedo the mainearthingterminalby meandndependentf

the circuit protective conductor.

554:3.3 The heater or boiler shall be permanently connected to the electricity supply through apadeible
linked switch which is either separate from and within easy reach of the heater or boiler or is incorporated therein,
and the ‘wiring from the heater or boiler shall be connected directly to that switch without the use of a plug and
socketoutlet. |

554.3.4 Beforea heateror boiler of thetype referredto in Section 554.3.1is connectedthe installer shall
confirmthatno singlepole switch,nonlinked circuit-breakeror fuseis fitted in theneutralconductorin anypartof
the circuit between the heater or boiler and the origin of the installation.

554.4 Heating conductors and cables

NOTE: Forelectricfloor andceiling heatingsystemsn buildingstherequirementsf Section753mustalsobe met.

554.4.1 Where a heating cable is required to pass through, or be in close proximity to, material which
presents fire hazardthecableshallbeenclosedn materialhavingtheignitability characteristi@® Padspecifiedin

IEC 603321-1 and shall be adequately protected from any mechanical damage reasonably foreseeable during
installationand use.
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554.4.2 A heatingcableintendedor laying directlyin soil, concretecemenscreedr othermaterialusedfor
road and building construction shall be:

(i) capableof withstandingmechanicatlamageunderthe conditionsthatcanreasonablypeexpectedo prevail
during its installation, and

(i) constructedof materialthat will be resistantto damagefrom dampnessnd/or corrosionundernormal
conditions of service.

554.4.3 A heating cable laid directly in soil, a road or the structure of a building shall be installedito that
(i) iscompletely embedded in the substaitégintended to heagnd

(i) doesnotsufferdamagen the eventof movemennormallyto beexpectedn it or the substancén whichit
is embedded, and

(i) compliesin all respectsviththema n u f a dnstuwatiEnsaridiecommendations.

554.4.4 The load of every floewarming cable under operation shall be limited to a value such that the
manufacturerés stated conductor temperature i s not ex
whichthecablecanberun, suchasthetemperatureatingof anyterminationsor accessoriegndanymaterialwith

which it is in contact.

555 TRANSFORMERS

555.1 Autotransformers and step-up transformers

555.1.1 Whereanautotransformeis connectedo a circuit havinganeutralconductorthe commonterminal

of the winding shall be connected to the neutral conductor.

555.1.2 A stepup autotransformer shall not be connected to asystem.

555.1.3 Where a stejup transformer is used, a linked switch shall be provided for disconnecting the
transformer from all live conductors of the supply.

556 Not used |
557 AUXILIARY CIRCUITS

557.1 Scope

This sectionappliesto auxiliary circuits, exceptthosecoveredby specific productor systemstandardse.g. the
constructiorof assembliesf electricalequipmento the appropriatpartof theIEC 61439series.

557.2 Not used

557.3 Requirements for auxiliary circuits
557.3.1 General

The power supplyAC or DC, for an auxiliary circuit may be either dependent or independent of the main circuit
accordingo its requiredfunction.If thestatusof the maincircuit hasto besignalled thenthesignallingcircuit shall
be able to operate independently of that main circuit.

557.3.201 Control circuits

A control circuit shall be designed, arranged and protected to limit dangers resulting from a fault between the
control circuit and other conductive parts liable to cause malfunction (e.g. inadvertent operation) of the controlled
equipment.

557.3.2 Power supply for auxiliary circuits dependent on the main circuit

557.3.2.1 General

Auxiliary circuitswith a power supplylependent othe mainAC circuit shallbe connected tthe maincircuit:
(i) directly (see Figure 55.19r
(i) viaarectifier (seeFigure55.2),or
(iii) via a transformer (see Figusé.3).

It isrecommendethatauxiliary circuitssupplyingprimarily electronicequipmenbr systemshouldnotbesupplied
directly but at least via simple separation from the main circuit.
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Fig 55.1 1 Auxiliary circuit supplied directly from the main circuit

L1 ——
L2 "\
L3

N
\ Terminals for the

auxiliary circuit

Fig 55.2 7 Auxiliary circuit supplied from the main circuit via a rectifier
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Fig 55.31 Auxiliary circuit suppliedfrom the main circuit via a transformer
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NOTE:, For an auxiliary circuit supplied from the main circuit, either directly or via a rectifier, the auxiliary circuit begins at
the connection point to the main circuit, see Figures 55.1 and 55.2. In the case of a transformer supply, the auxiliary
circuit begins on the secondary side of the transformer, see Figure 55.3.

557.3.2.2  Auxiliary circuit supplied from the main circuit via transformer

Whereanaukxiliary circuit is suppliedby morethanonetransformerthey shallbe connectedn parallelbothonthe
primary and secondary sides.
557.3.3 Auxiliary circuit supplied by an independent source

Where an independent source is used a loss of supply or undervoltage of the main circuit source shall be detected.
An independent auxiliary circuit shall not create a hazardous situation.

NOTE: Batteriesandapowersupplysystemindependenodf themainsareexamplef independensources.
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557.3.4 Auxiliary circuits with or without connection to earth
557.3.4.1 General
An auxiliary circuit shall comply with the earthingrequirementof KS 662 exceptas modified by Section

557.3.4.20r 557.3.4.3.

NOTE 1: It depend®ntherequirementgor anauxiliary circuit asto whetherit is operatedeartheddr unearthedfFor example,
in anearthedauxiliary circuit anearthfault in anonearthedconductoreadsto disconnectiorof the powersupplyof
theauxiliary circuit; in anuneartheduxiliary circuit, anearthfaultin aconductoleadsonly to asignalfrom theIMD
(seeSection 557.3.4.3).

NOTE 2: The useof uneartheduxiliary circuitsshould beconsidered wherkigh reliability is required.
557.3.4.2  Earthed auxiliary circuit

An earthedauxiliary circuit suppliedvia atransformeishallbe connectedo earthonly atonepointonthesecondary
side of the transformeihe connection to earth shall be situated close to the transfarhreeconnection shall be
easily accessible and capable of being isolated for insulation measurement.

557.3.4.3 Unearthed auxiliary circuit

Exceptin the caseof a SELV or PELV circuit, if an auxiliary circuit is operatedunearthedvia a transformer,

an insulation monitoring device (IMD) according lBC 615578 shall be installed on the secondary side.
Consideratiorshallbegivento theuseof risk assessmemno determinevhetheithesignalfrom theIMD isto initiate

an acoustic and/or a flash alarm, or be transmitted to a monitoring system:.

557.3.5 Power supplies for auxiliary circuits
557.3.5.1  General

Theratedvoltageof anauxiliary circuit, andthe componentsisedin thecircuit, shallbecompatiblewith thesupply

to that circuit.

NOTE 1: If the supply voltage is too low for the design of the circuit then the operation will not be reliable for the proper
function of relays.

Account shall be taken of the effects of voltage drop on the electrical equipment of the auxiliary circuit, including

inrush and starting currents.

NOTE 2: Motors starting direebn-line can.draw a starting current from the main circuit that will reduce the supply voltage to
anauxiliary circuit dependenbnthemaincircuit, belowtheminimumoperatingvoltageof theassociatedwitchgear.

557.3.5.2  Standby power supply. or power supply for safety services

Where a standby power supply or a power supply from a generating set is used to supply auxiliary circuits, the
frequency variation shallbe taken into account.

557.3.5.3  AC supply |
Thenominalvoltageof control circuitsshall preferablynotexceed30V for circuitswith 50 Hz nominalfrequency

respectivelytakinginto accountvoltagetolerancesccordingo IEC 60038.

NOTE: The dimensioningof cablelength with respectto the conductorcapacitancese.g. connectionto a limit switch,
needs to be coordinated with the selected relays or solenoid valves. The standing voltage caused by high conductor
capacitances may impair the switching off of relays or solenoid valves.

557.3.5.4 DC supply |
557.3.5.4.1 Supply by a power system

Thenominalvoltage ofcontrolcircuitsshallpreferablynot excee®20V.
557.3.5.4.2 Supply by batteries

Where batteries are used as a power supply for auxiliary circuits, the voltage fluctuation due to charging or
dischargingshall not exceedvoltagetolerancespecifiedin IEC 60038,unlessthe auxiliary circuit is specifically
designed to compensate for such voltage fluctuation.
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557.3.6 Protective measures

557.3.6.1  Protection of wiring systems
NOTE 1: In the case of extended auxiliary circuitss necessary to check that the required operating current of the protective
device will be achieved also at the far end of the respective cables or condbettian 433.1.

SinglephasesarthedAC auxiliary circuitssuppliedon the secondargideof thetransformerfor anauxiliary supply

andearthedDC auxiliary circuitsarepermittedto be protectedoy singlepole devicesThe protectivedevicesshall

only be inserted in conductors which are not connected directly to earth.

In unearthed\C or DC auxiliary circuits, shostircuit protection shall be provided for all lisenductors.

NOTE 2: The use of protective devices which disconnect all lines of an unearthed auxiliary circuit will aid fault diagnosis and
maintenance activities.

If theshortcircuit protectivedeviceonthe primarysideof thetransformeifor anauxiliary circuit is selectedsothat
it also protects against shanitcuit current on the secondary side, a protective device on the secondary side of the
transformer may be omitted.

NOTE 3: For a fault on the transformer secondary side, the magnitude of thecisboitt current on the primary side depends
also on the impedance of the transformer.

557.3.6.2  Protection against short -circuit

Switchingcontactof electricalswitchingdevicesof the auxiliary circuit shallbe protectedagainstdamagecaused
by shortcircuit currents, according to the manufacturer's instructions.

557.4 Characteristics of cables and conductors

557.4.1 Minimum cross -sectional areas

In orderto provideadequatenechanicaktrength the following minimum crosssectionalareasndicatedin Table |
55.2shallbemet.If therearespeciaimechanicastrengthrequirementor cablesor conductorsthenalargercross
sectional area of conductor, selected in accordance with Chapter 52, may be required.

TABLE 55.217 Minimum cross’-sectional area of copper conductors in mm? |

Type of cable
Application Single-core Two-core Multicore
Single-wire Stranded Screened Unscreened Screened ounscreened
Controlcircuits* 0.5 0.5 0.5 0.5 0.1
Datatransfer ) T T T 0.1

aQOtherauxiliary circuitsmay needalargercrosssectionafreaof copperconductorg.g.for
measuring.

NOTE: Thecrosssectionakreaof copperconductorss derivedfrom Section524.

557.5 Requirements for auxiliary circuits used for measurement

557.5.1 General

Measuringecircuitsareauxiliary circuitswith dedicatedequirementsvhich aregivenin thefollowing subclauses.
557.5.2 Auxiliary circuits for direct measurement of electrical quantities

Anauxiliary circuit for directmeasuremertf electricalquantitiesshallbe protectedagainsthe effectsof afault by
one of the following means:

(i) Provisionof adevicefor protectionagainsfault currentin accordanc&vith Sectiord34.Whereoperatiorof
thedevicecouldcausalangerprleadto ahazardousituation,suchoperatiorshallalsocausedisconnection
of the main circuit

(i)  Simultaneousulfilment of conditions(a) and(b) of Section 434.3.
557.5.3 Auxiliary circuits for measurement of electrical quantities via a transformer
557.5.3.1  Current transformer

Whereameasuremerdeviceis connectedo themaincircuit via a currenttransformerthefollowing requirements
shall be taken into account:

(i) The secondary side of the transformer in a low voltage installation shall not be earthed, except where the
measurement can only be carried out with a connection to earth
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(i) Protectivedevicesinterruptingthe circuit shalhot beused on theecondary sidef thetransformer

(i) Conductors on the secondary side of the transformer shall be insulated for the highest voltage of any live
parts or shall be installed such that their insulation cannot come into contact with other live parts, e.g.
contact with busbars

(iv) Terminalsfor temporarymeasurementshallbe provided.

The aboverequirementslo not apply to summationcurrenttransformersvherehazardousoltagesdo not occur,
e.g.equipment for insulation fault locati@ccording tdEC 615579.

557.5.3.2  Voltage transformer
The secondary side of a voltage transformer shall be protected by -@istwittprotectivedevice.

557.6 Functional considerations
557.6.1 Voltage supply
Where loss of voltage, i.e. voltage fluctuation, overvoltage or undervoltage, could cause the auxiliary circuit to be

unable to perform its intended function, means to secure the continued operation of the auxiliary circuit shall be
provided.

557.6.2 Quality of signals depending on the cable characteristics

The operationof anauxiliary circuit shallnot be adverselyaffectedby the characteristicancludingimpedanceand
length, of the cable between operational components.

The capacitance of the cable shall not impair the proper operation of an actuator in the auxiliaryreeaable
characteristics and length shall be taken into account for the“selection of switchgear and controlgear or electronic
circuits.

NOTE: For an extensive auxiliary circuit, the use of a DC power.supply esystem igecommended. |

557.6.3 Measures to avoid the loss of functionality

An auxiliary circuit serving a special function .where reliability is a concern will require additional design
considerations to minimize the likelihood of'wiring faultbiese wiring faults could result in loss of function and/
or loss of signal. Among the design considerations are:

(i) selectionof appropriaténstallationmethodsfor cables

(i) selection of equipment where a-fault from line to expesmtuctiveparts is not possible, e.g. Class Il
equipment

(i) useof installationmethodsandequipment thaare inherentlyshortcircuit andearth faultproof.
For the design of installations and equipment that are inherentlya@harit and earth fault proof, the following
shall be considered;

(@) Arrangement®f singleconductorsvith basicinsulation togethemwith measure$o preventmutualcontact
and contact with-exposezbnductiveparts. This may be achieved by:

T installation in (insulated) cable trunking systeirs,
i installation in (insulatedyonduit
(b).. Arrangementsf:
1" singlecore cablespr
i singlecore, noametallicsheathed cableery

T rubberinsulatedlexible cables

(c) Provisionof protectionagainstmechanicatlamageandof safedistancefrom flammablematerialfor non
metallic sheathedables

(d) Arrangementsf nonmetallicsheathedableswith nominalvoltageUo/U atleast0.6/1kV (Uo = conductor
to Earth voltage, U = conductor to conductor voltage)

(e) Useof cableswith aninsulationwhichis self-extinguishingandflame-retardant

(f) Useof cablesthat are afforded physical protectionby being buried, e.g. installationof cablesin soil or
concrete.
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557.6.4 Current -limiting signal outputs

In earthedor unearthedhuxiliary circuitswith currentlimiting signaloutputsor electronicallycontrolledprotection
against shortircuit conditions, respectively, the signal circuit shall be disconnected within 5 s if the respective
measure operates. In special cases, a shorter disconnection time may be required.

For currerdlimiting signal output®r electronicallycontrolledprotectionof the signal output, respectively, automatic
disconnection of supply may be omitted if a hazardous situation is not likely to occur.

557.6.5 Connection to the main circuit
557.6.5.1  Auxiliary circuits without direct connection to the main circuit

Electrical actuators, e.g. actuating relays, contactors, signalling lights, electromagnetic locking devices, shall be
connected to the common conductor (see Figure 55.4):

(i) in earthed auxiliary circuits, at the earthed (comnummductor
(ii) in unearthed auxiliary circuits, at the comnumductor.

Fig 55.4 1 Configuration of an auxiliary circuit

Overcurrent protective
device Switched conductor

~

= %

Common conductor

Exception:Switchingelementof protectiverelays,e.g.overcurrentelays,maybeinstalledbetweertheearthedr
the nonearthed conductor and a coil, provided that:

(a) thisconnection isontained-inside commorenclosureor

(b) it leadsto asimplificationof.externalcontroldevicesg.g.conductoibars,cabledrums multiple connectors,
andtakesinto accountherequirement®sf Section 557.3.6.2.

557.6.5.2  Auxiliary, circuits with direct connection to the main circuit

If the auxiliary-Circuitis:

(i) supplied:between two line conductors (e.g. L1 and L2 of an IT systempdlgswitching contacts shall
be used

(iiy ‘connectedo theearthedheutral ofthemaincircuit, the requirementsf Chapter43 apply.

557.6.6 Plug-in connections

Interchangeabilitppetweenmultiple plug-in connectionss permittedonly whereit will not resultin mechanical
damageor introducearisk of fire, electricshockor injury to persons.

NOTE 1: These plugn connectiongorm apartof the auxiliary circuit(s)andmay conductdifferentsignals.
NOTE 2: Protection against interchangeability may be achieved by marking, polarization, design or elet&dod&ing.

Theconnectorshallbe securedby a meando preventunintendedlisconnection.

558 Not used
559 LUMINAIRES AND LIGHTING INSTALLATIONS
559.1 Scope

This sectionappliesto the selectionanderectionof luminairesandlighting installationsintendedto be partof the
fixed installation.
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NOTE 1: Foroutdoorighting installationsextralow voltagelighting installationsandlighting installationsn specialocations,
refer to Part 7.
Therequirement®f this sectiondo not applyto:
(i) highvoltagesignssupplied atow voltage (suctasneontubes)

(i) signsandluminousdischargetube installationsoperatingfrom a no-load ratedoutputvoltageexceeding
1 kV but not exceeding 10 kVEC 605982-14)

(i) temporary festoofighting.
559.2 Not used |

559.3 General requirements for installations

NOTE: SeeTable55.3for anexplanatiorof thesymbolsusedn luminairesjn controlgeafor luminairesandin theinstallation |
of luminaires.

559.3.1 Every luminaire shall comply with the relevant standard for manufacture ‘and-test of that luminaire
and shall be selected and erected to take account of
559.3.2 For the purposesof this section, luminaires without transformersor-convertorsbut which are

fitted with extralow voltage lamps connected in series to a low voltage supply shall-be considered as low voltage
equipment not extriow voltage equipment. These luminaires shall be either.Class | or Class Il equipment.

559.3.3 Where a luminaire is installed in a pelmet, there shall be no adverse effects due to the presence or
operation of curtains or blinds.

559.3.4 A tracksystemfor luminairesshallcomplywith therequirement®f IEC 60570.

559.4 Protection of the surroundings against thermal effects

559.4.1 General
In theselectionanderectionof aluminairethe thermaleffectsof radiantandconvectedenergyon the surroundings
shall be taken into account, including:
(i) the maximum permissible power dissipated. byldneps
(i) thefire-resistancef adjacenmaterial
- atthe point of installationand

- in thethermallyaffectedareas
(i)  the minimum distance.to combustible materials, including material in the path of a spmhgint
(iv) therelevantmarkingsontheluminaire.

559.5 Wiring systems
559.5.1 Connection to the fixed wiring

At eachfixeddighting pointoneof thefollowing shall beusedfor theterminationof thewiring system:
(i) Aceiling rose complying withEC 61995
(ii). ‘A luminaire supporting coupler (LSC) complyingth IEC 61995
(i) . A batten lampholder or a pendaet complying witHEC 60598
(iv) \Aluminaire complying witHEC 60598
(v)” A suitable sockebutlet complyingwith KS 4952, or IEC 603092
(vi) A plug-in lighting distribution unit complying withEC 608841
(vii) A connection unit complying witKS 4954
(viil)  Appropriateterminalsenclosedn abox complyingwith therelevantpartof IEC 60670series
(ix) A device for connecting a luminaire (DCL) outlet complying WETC 619951
() An installation coupler complyingith IEC 61535.
NOTE: In suspendedeilingsoneplug-in lighting distributionunit may beused for aiumber ofuminaires.

559.5.1.201 A ceiling roseor lampholdershall not be installedin any circuit operatingat a voltagenormally
exceeding 250 volts.
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559.5.1.202 A ceilingroseshallnot beusedfor theattachmenbf morethanoneoutgoingflexible cableunlesst
is specially designed for multiplgendants.

559.5.1.203 Luminairesupportingcouplersanddevicedor theconnectiorof luminairesaredesignedpecifically
for theelectrical connectionf luminairesand shalhot beused forthe connectiomf anyotherequipment.

559.5.1.204 Lighting circuits incorporating B15, B22, E14, E27 or E40 lampholders shall be protected by an
overcurrent protective device of maximum rating 16 A.

559.5.1.205 Bayonet lampholders B15 and B22 shall comply Wil 61184 and shall have the temperature
rating T2 described in that standard.

559.5.1.206 In circuitsof aTN or TT systemgexceptfor E14andE27 lampholderscomplyingwith IEC 60238,
the outer contact of every Edison screw or single centre bayonet cap type lampholder shall be connected to the
neutral conductor. ThiSection also applies to track mounted systems.

559.5.1.207 A lighting installation shall be appropriatetgntrolled.
NOTE: SeeTable537.4for guidanceontheselection ofuitableprotective, isolatiomndswitchingdevices. |

559.5.1.208 Consideration shall be given to the provision of the neutral conductor,.at each switch position, to
facilitate the installation of electronic switching devices.

559.5.2 Fixing of luminaires
Adequatemeando fix luminairesshallbe provided.

The fixing meansmay be mechanicabccessoriege.g. hooksor screws),boxesor enclosureshich areableto
supportiluminairesor supportingdevicesfor connectingaluminaire.

In placeswherethefixing meansds intendedo supportaluminaire,thefixing meansshallbe capableof carryinga
massf notlessthan5 kg. If themassof theluminaireis greaterthan5 kg, afixing meansapableof supportinghe |
mass of the luminaire shall be installed.

Theinstallationof thefixing meansshallbein accordanc&vith the manufacturer'smstructions.

The weight of luminaires and their eventual accessories, e.g. shades, shall be compatible with the mechanical
capability of the ceiling or suspended ceiling or supporting structure where installed.

Any flexible cable between the fixing.means and the luminaire shall be installed so that any expected stresses in
the conductors, terminals and terminations will not impair the safety of the installation. (See also Table 4F3A of
Appendix 2)

559.5.3 Through wiring

559.5.3.1 The installation of through wiring in a luminaire is only permitted if the luminaire is designed for
such wiring.

559.5.3.2 A cable for through wiring shall be selected in accordance with the temperature information on the
 umi naivre or on the manufacturero6s instruction sheet,

(i) Foraluminairecomplyingwith IEC 60598butwith temperaturenarking,cablessuitablefor themarked
temperature shall be used

(i) ' Unl ess speci fi e dinstructions,foea lumanairecimplying with|lEC 60598 butwith
no temperaturenarking,heatresistant cablearenot required

(i)~ In the absence of information, heasistant cables and/or insulated conductors of type f0FB5SK,
HO5SJK, HO5SSK (IEC 60277series) or equivalent shall be used.

559.5.4 Devices for connection of luminaires to the supply

If theluminairedoesnot providea connectingdevicefor connectiorto the supply,the connectingdeviceshallbe:
(i) terminalsaccordingto KS IEC 60998or
(i) adevice for connecting a luminaire (DChplug according téEC 61995,or
(i) aninstallation coupler according t&C 61535,or
(iv) supportingcoupler (LSC) plug according t&C 61995, or
(v) amale connector (plug) of a pltig lighting distribution unit according t&=C 608841, or
(vi) another suitable and appropriate connectiegce.
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NOTE: Forthe installation of supply cables, see é&xtion 522.2.201.

559.5.5 Groups of luminaires

Groups of luminaires divided between the line conductors of a polyphase circuit with only one common neutral
conductor shall be provided with at least one device disconnecting simultaneously all line conductors.

NOTE: Seealso Sectiorb37. |

559.5.6 Protection against heat and UV radiation effects within luminaires

Externalcablesandcoresof cablesconnectedvithin aluminaireor passinghroughshallbesoselectecanderected
thattheywill notsufferdamageor deterioratiordueto heatandUV radiationgeneratedby theluminaireor itslamps
(e.g. shielding of the cable from heat and/or UV by means of hea#bigtant sleeving).

559.6 Independent lamp controlgear, e.g. ballasts

Only independenampcontrolgeamarkedassuitablefor independentise,accordingo therelevantstandardshall
be used external to a luminaire.
Only thefollowing arepermittedto be mountedon a flammablesurface:
(i) A 'classP'thermallyprotectedballast/transformer.
(i) Atemperature declared thermally protedbetiast/transformer.
NOTE: Foranexplanatiorof symbolsusedseeTable55.3.

559.7 Compensation capacitors

Compensatiorcapacitorshaving a total capacitanceexceeding0:5.¢ Fshall only be usedin conjunctionwith
dischargeesistorsCapacitorsandtheir markingshallbein accordancevith IEC 61048. This

requirement does not apply to capacitors forming part of the.equipment.
559.8 Protection against electric shock for display stands for luminaires

Protectionagainstelectricshockfor circuitssupplyingdisplaystandsfor luminairesshallbe providedby either:
(i) aSELVorPELV supply,or

(i)  a residual current device having a rated residual operating current not exceeding 30 mA which provides
both automatic disconnection.of\supply according to Section 411 and additional protection according to
Section415.1.

559.9 Stroboscopic _effect

In the case of lighting for, premises where machines with moving parts are in operation, consideration shall be
givento stroboscopieffectswhich cangive amisleadingmpressiorof movingpartsbeingstationary Sucheffects

may be avoided by selecting luminaires with suitable lamp controlgear, such as high frequency controlgear, or by
distributing lighting loads across all the phases of a polyphase supply.

559.10 Ground~-recessed luminaires

For groundrecesseduminaires the selectionanderectionshalltakeaccountof the guidancegivenin TableA.1 of
IEC605982-13.

109



TABLE 55.31 Explanation of symbols used in luminaires, in controlgear for luminaires and in
the installation of luminaires

BSEN 605981:2008

7T\

Recessed luminaire not suitable for dinecunting
onnormallyflammablesurfaces

Surface mounted luminaire not suitable daect
mountingon normallyflammablesurfaces

Luminairenotsuitablefor coveringwith thermally

insulating material

Use of heatesistant supply cables,
interconnecting cables, or external
wiring (numberof conductor®f cable
is optional)

(IEC 60598series)

Luminairefor usewith
high pressure sodium
lamps that require an
external ignitor

(IEC 60598series)

Luminairedesignedor usewith bowl
mirror lamps

(IEC 60598series)

Luminaire for use with
high pressure sodium
lampshavinganinternal
starting device

(IEC 60598series)

Ratedmaximumambientemperature

(IEC 60598 series)

Luminairewith limited
surface temperature

(IEC 605982-24)

EAM

Warning againstthe use of cookbeam
lamps

(IEC 60598series)

Shortcircuit proof
(inherentlyor
nornrinherently)safety
isolating transformer

(IEC 615582-6)

Minimum distancefrom lighted objects
(metres)

(IEC 60598series)

Temperature declared
thermallyprotectedamp
control gear
by temperature)

(IEC 613471)

Roughservicduminaire

(IEC 60598 series)

Electronicconvertorfor
an extralow voltage
lighting installation

Replaceanycrackedorotectivescreen

(IEC 60598 series)

Thermallyprotectedamp
controlgear (class P)

(IEC 613471)

Luminaire designed for use with se
shielded tungsten halogen lamps or-S
shielded metal halide lamps only

(IEC 60598series)

Q I @q> B

Independenballast

IEC 60417sheeiNo.
5138
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560.1
560.4
560.5

560.6
560.6.8

560.6.9

560.6.10
560.6.11
560.6.12
560.6.13
560.6.14

560.7
560.8
560.9
560.10
560.11

560.1

This chaptercoversgenerarequirements$or safetyservicesselectioranderectionof electricalsupplysystemsor
safety services and electrical safety sources. Standby electrical supply systems are outside the scope.

This chapter does not apply to installations in hazardous areas (BE3), for which requirements ardE@en in

6007914.

CHAPTER 56 SAFETY SERVICES
CONTENTS

SCOPE
CLASSIFICATION
GENERAL

ELECTRICAL SOURCES FOR SAFETY SERVICES

Special requirements for safety services having sources not capable of operation in
parallel

Special requirements for safety services having sources capable of operation in parallel
Central power supply sources

Low power supply sources

Uninterruptible power supply sources (UPS)
Generator sets for safety services

Monitoring of safety sources

CIRCUITS OF SAFETY SERVICES

WIRING SYSTEMS

EMERGENCY LIGHTING SYSTEMS

FIRE DETECTION AND FIRE ALARM SYSTEMS
LIFE SAFETY AND FIREFIGHTING APPLICATIONS

CHAPTER 567 SAFETY SERVICES

SCOPE

NOTE: Examplesof safetyservicesnclude(thislist is notexhaustive):

560.2
560.3

Emergencyighting

Firepumps

Fire rescue servidédts

Fire detection and alarsystems
COdetection and alarsystems
Fire evacuatiosystems

Smoke ventilatiorsystems

Fire servicecommunicatiorsystems
Essential medicaystems

Industrial safetysystems.

Not used

Not used
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560.4 CLASSIFICATION

560.4.1 An electrical safety service supplyagher:
() anonautomaticsupply,thestartingof whichis initiated by anoperator or
(i) anautomaticsupply,thestartingof whichis independenof anoperator.

An automaticsupplyis classifiedasfollows, accordingto the maximumchangeovetime:

(@) No-break: an automatisupply which produces continuous supplhyithin specified conditiongluringthe
periodof transition,for exampleasregardsvariationsin voltageandfrequency

(b) Very shortbreak:anautomaticsupplyavailablewithin 0.15s
(c) Short break: an automatic supply available within®.5

(d) Normal break: an automatic supply available within 5

(e) Medium break: an automatic supply available withirs15

(f) Long break: an automatic supply available in more thas 15

560.4.2 The essentiakquipmenfor safetyservicesshallbe compatiblewith the changeovetimein orderto
maintainthe specifiedoperation.

560.5 GENERAL

560.5.1 Safety services may be required to operate at all relevant times including during mains and local

supplyfailure andthroughfire conditions.To meetthisrequiremenspecificsourcesequipmentgircuitsandwiring
are necessary. Some applications also have particular requirementSeasdans 560.5.2 and 560.5.3.

560.5.2 For safety servicesrequiredto operatein fire conditions,the following two conditionsshall be
fulfilled:
(i) An electricalsourcefor safetysupplyshallbe soselectedasto maintaina supplyof adequateluration,and
(i) all equipmenbf safetyserviceshallbesoprovided,eitherby constructioror by erectionwith fire-resisting
protection of adequatturation.

NOTE: The safety source is generally additional to the normal source. The normal source is, for example, the public supply
network.

560.5.3 Where automatic disconnection. of supply is used as a protective measure against electric shock,
nondisconnection on the first fault is preferred. In IT systems, continuous insulation monitoring devices shall be
provided which give an audible and visual indication in the event of a first fault.

560.5.4 A failure in the control or bus system of a normal installation shall not adversely affect the function
of safety services.

560.6 ELECTRICAL \SOURCES FOR SAFETY SERVICES

560.6.1 Thefollowing electricalsourcedor safetyservicesarerecognized:

(i) Storagebatteries
(i) Primarycells
(i) Generatosetsindependensdf thenormalsupply
(iv). Aseparate feedaf thesupply network thait effectivelyindependent othe normafeeder.

560.6.2 Safetysourcedor safetyserviceshallbeinstalledasfixed equipmenaindin suchamannetthatthey

cannotbe adverselgffected byfailure ofthe normakource.

560.6.3 Safetysourcesshallbeinstalledin a suitablelocationandbeaccessibl@nly to skilled or instructed

persons (BA5 or BA4).

560.6.4 The location of the safety source shall be properly and adequately ventilated so that exhaust gases,
smoke or fumes from the safety source cannot penetrate areas occupied by one or more persons. |

560.6.5 Separated independent feeders from a distributo
safety services unless assurance can be obtained that the two supplies are unlikely to fail concurrently.

560.6.6 The safetysourceshallhavesufficientcapabilityto supplyits relatedsafetyservice.

560.6.7 A safety source may, in addition, be used for purposes other than safety services, provided that the

availability for safety services is not thereby impairedault occurring in a circuit for purposes other than safety
services shall not cause the interruption of any circuit for safety services.
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560.6.8 Special requirements for safety services having sources not capable of operation in
parallel

560.6.8.1 Adequateprecautionshallbetakento avoidthe parallelingof sources.

NOTE: This may beachieved by mechanicaiterlocking.

560.6.8.2 Shortcircuit protection and fault protection shall be provided for eschice.

560.6.9 Special requirements for safety services having sources capable of operation in
parallel

Shortcircuit protection and fault protection shall be effective irrespective of whether the installation_is supplied
separately by either of the two sources or by both in parallel.

NOTE 1: Theparalleloperationof aprivatesourcewith the public supplynetworkis subjectto authorizatiorby thedistribution
network operator (DNOJ his may require special devices, for example to prevent reverse power.

NOTE 2: Precautionsnay be necessary tiimit currentcirculationin the connectiorbetweerthe neutralpointsof the sources,
in particular the effect of triplen harmonics.

560.6.10 Central power supply sources
Batteries shall be of vented or valkegulated maintenandeee type and shall be of heavy duty industrial design,

for example cells complying withiEC 60623 or the appropriate part of ttieC 60896.series.
NOTE: The minimum desigfife of the batterieat 20°C shouldbe 10years.

560.6.11 Low power supply sources

The power output of a low power supply system is limited to/500 W-fay8 duration and 1500 W for ahbur
duration. Batteries shall be of heavy duty industrial design, for example cells complyinde@i60623 or the
appropriate part of thieC 60896 series are suitable.

NOTE: The minimum desiglife of the batterieat 20°C shouldbe Syears.
560.6.12 Uninterruptible power supply sources (UPS)

Wherean uninterruptible power supply ised, itshall:
(i) be able to operate distribution circuit protective deviaaed,

(i) beableto startthe safetydevicesnvhenit is operatingn theemergencygonditionfrom theinvertersupplied
by the battery, and

(iii) complywith therequirement®sf Section 560.6.10and
(iv) complywith IEC 620401 andIEC 620403, asapplicable.

560.6.13 Generator. sets for safety services
Wherea generating set issedasa safety source, ghall comply with ISO 85281:2018
560.6.14 Monitoring of safety sources

Theconditionof the sourcefor safetyservicegreadyfor operationunderfault conditions feedingfrom the source
for safety services) shall be monitored.

560.7 CIRCUITS OF SAFETY SERVICES

560.7:1 Except where the recommendations of other safety standards apply, circuits of safety service$ shall

be independent of other circuits.

NOTE: This means that any electrical fault or any intervention or modification in one system must not affect the correct
functioning of the otheiThis may necessitate separation by-fesistant materials or different routes or enclosures.

560.7.2 Circuitsof safetyservicesshallnot passthroughlocationsexposedo fire risk (BE2) unlesstheyare

fire-resistant. The circuits shall not, in any case, pass through zones exposed to explosion risk (BE3).

NOTE: Wherepracticablethepassagef circuitsthroughlocationspresenting fire risk shouldbe avoided.

560.7.3 In accordance witlsection 433.3.3, protection against overload may be omitted where the loss of

supply may cause a greater hazakthere protection against overload is omitted, the occurrence of an overload
shall be monitored.
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560.7.4 Overcurrent protective devices shall be selected and erected so as to avoid an overcurrent in one
circuit impairing the correct operation of circuits of safety services.

560.7.5 Switchgearand controlgearshall be clearly identified andgroupedin locationsaccessiblenly to
skilled or instructedpersongBA5 or BA4).

560.7.6 In equipment supplied by two different circuits, a fault occurring in one circuit shall not impair the
protectionagainstelectricshockor the correctoperationof the othercircuit. Suchequipmenshallbe connectedo
the protective conductors of both circuits, if necessary.

560.7.7 Safety circuit cables,other than metallic screenedfire-resistantcables,shall be adequatelyand
reliably separated byglistance oby barriersrom othercircuit cablesincluding othersafety circuitcables.

NOTE: Forbatterycablesspecialrequirementsnay apply.

560.7.8 Circuitsfor safetyserviceswith theexceptionof wiring for fire andrescueservicelift supplycables
andwiring for lifts with specialrequirementsshallnotbeinstalledin lift wells or otherflue-like openings.

NOTE: While fire-resistant cables will survive most fires, if they are locatednirunstopped vertical well the upward air
draughtin afire cangeneratexcessivdemperatureabovethe capabilitiesof the cablesotheyshouldbe avoidedas
a route for safety systems.

560.7.9 In additionto ageneralschematialiagram full detailsof all electricalsafetysourceshallbe given.
Theinformation shall be maintained adjacent to the distribution béasthgleline diagram isufficient.

560.7.10 A drawing or drawingsof the electrical safety installationsshall be availableshowingthe exact
location of:
(i) all electrical equipment and distribution boards, with equiprdegignations
(i) safetyequipmentwith final circuit designatiorandparticularsandpurposeof the equipment
(iif)  specialswitching and monitoring equipmentfor the safety power supply (e.g. areaswitches,visual or
acoustic warning equipment).

560.7.11 A list of all the currentusingequipmenpermanentiyconnectedo the safetypowersupply,indicating
thenominalelectricalpower,ratednominalvoltage,currentandstartingcurrent,togethemwith its duration,shallbe
available.

NOTE: This information may bécluded in the circuidiagrams.

560.7.12 Operating instructions‘for safety equipment and electrical safety services shall be available. They
shall take into account all the particulars of the installation.

560.8 WIRING SYSTEMS

560.8.1 Oneor moreof thefollowing wiring systemsshallbe utilised forsafetyservicesequiredto operate
in fire conditions:

(i) Mineralinsulatedcablesystemsomplyingwith IEC 607021 andIEC 607022 andKS IEC 603321-2
(i) Fire-resistantablescomplyingwith IEC 603311, IEC 603312 or IEC 6033%3 andwith KS IEC 603321-2

(iii) Fire-resistantcables complying with test requirement&6f50200,IEC 8434 orlEC 8491, appropriate
for the cable size and witkS IEC 603321-2

(iv) A wiring systemmaintainingthenecessaryire andmechanicaprotection.

Thewiring systenselectegshallmeettherequirementsf therelevantcodeof practiceappropriateo theapplication
and shall be mounted and installed in such a way that the circuit integrity will not be impaired diieng a |

NOTE 1: IEC 5266,IEC 5839 andEC 8519 specify cables #&C 607021, IEC 76291 andIEC 7846 as being suitable
when appropriately selected for the application.

NOTE 2: Exampleof asystemmaintainingthe necessaryire andmechanicaprotectioncouldbe:
(i) constructionaénclosure$o maintainfire andmechanicaprotection,or
(ii) wiring systemsn separatdire compartments.

560.8.2 Wiring for control and bus systems of safety services shall be in accordance with the same
requirements as the wiring which is to be used for the safety services. This does not apply to circuits that do not
adversely affect the operation of the safety equipment.

560.8.3 Reservedor futureuse |

560.8.4 Circuits for safety services which can be supplied by direct current shall be provided wjiblevo
overcurrent protection mechanisms.
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560.8.5 Switchgear and controlgear used for bat and DC supply sources shall be
suitable for bottAC and DC operation.

560.9 EMERGENCY LIGHTING SYSTEMS

Emergencylighting systemsshallcomplywith therelevantpartsof IEC 5266seriesand|EC 1838.
560.10 FIRE DETECTION AND FIRE ALARM SYSTEMS

Fire detectionandfire alarmsystemshallcomplywith therelevantpartsof IEC 5839series.
560.11 LIFE SAFETY AND FIREFIGHTING APPLICATIONS

The selectionand installation of power and control cable systemswhich are requiredto maintain
their circuit
integrity for life safetyandfirefighting applicationsshallcomplywith therelevantpartsof IEC 8519.
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APPENDIX 1 (Informative)
STATUTORY SECTION S AND ASSOCIATED MEMORANDA

1.In Kenyathe following classesof electricalinstallationsare requiredto comply with the Statutory Sectiors
indicated below. TheSectiors listed represent the principal legal requirements. Information concerning these
Sectiors may be obtained from the appropriate authority also indicated below.

Provisionsrelatingto electricalinstallationsarealsoto befoundin otherlegislationrelatingto particularactivities.

SECTION TO BE UPDATED
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APPENDIX 2 (Informative)
CURRENT-CARRYING CAPACITY AND VOLTAGE DROP FOR CABLES

CONTENTS
Tables:
4A1  Scheduleof InstallationMethodsin relationto conductorsaandcables
4A2  Schedulef InstallationMethodsof cablegincludingReferenceMethods)for determiningcurrentcarrying
capacity
4A3  Scheduleof cablespecificationandcurrentratingtables
4B1 Ratingfactors(Ca)for ambientair temperaturestherthan30 °C
4B2 Ratingfactors(Ca)for ambientgroundtemperaturestherthan20 °C
4B3 Ratingfactors(Cs)for soil resistivity, for cablesburieddirector in undergrounadonduit
4B4 Ratingfactors(Cd) for depthsof laying otherthan0.7 m for directburiedcablesandcablesn buriedducts
4B5 Ratingfactorsfor cableshavingmorethan4 loadedcores
4C1  Ratingfactors(Cg)for onecircuit or one multicorecableor for agroupof circuitsor multicorecables
4C2  Ratingfactors(Cg)for morethanone circuit,cablesburieddirectly in the ground
4C3 Ratingfactors(Cg) for morethanonecircuit, cablesn ductsburiedin the ground
4C4  Ratingfactors(Cg) for groupsof morethanonemulticorecableon traysor cableladders
4C5 Ratingfactors(Cg) for groupsof oneor morecircuitsof singlecorecableson traysor cableladders
4C6 Ratingfactors(Cg) for cablesenclosedn infloor concretetroughs

4D1 | Singlecore norarmoured, with or withousheath
4D2 | Multicore norarmoured

4D3 | Singlecorearmourednorrmagnetic@armour)
4D4 | Multicore armoured

4D5 | Flat cable with protectiveonductor

70°Cthermoplastic
insulated cables

4E1 | Singlecore norarmoured, with or withousheath
4E2 | Multicore norarmoured )
. ' 90 °Cthermosetting
4E3 | Singlecore armoured (nemagneticarmour) Copperconductors

4E4 Multicore armoured

4F1 | 60°C thermosettingnsulatedflexible cables
4F2 | 90°Cand180°C thermosettindgnsulatedfexible cables Flexiblecables
4F3 | Flexiblecables

4G1 | Bare and exposed to touch, or havingoaarall
thermoplasticovering Mineral

4G2 | Bare and neither exposed to touch nor in contétbt insulatedcables
combustiblematerials

4H1 . |'Singleicore norarmoured, with or withousheath
4H2 |Multicore norarmoured 70 °Cthermoplastic
4H3 |;Singlecore armoured (nemagneticarmour) insulatedcables

4H4 " | Multicore armoured

, - - Aluminium conductors
431 Single-core norarmoured, with or withouheath

432 | Multicore norarmoured 90 °Cthermoplastic
4J3 | Singlecore armoured (nemagneticarmour) insulatedcables
4J4 | Multicore armoured
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APPENDIX 2 (Informative)
CURRENT-CARRYING CAPACITY AND VOLTAGE DROPFOR CABLES

1 INTRODUCTION

The recommendations of this appendix are intended to provide for a satisfactory life of conductors and insulation
subjected to the thermal effects of carrying current for prolonged periods of time in normal service. Other
considerations affect the choice of creestional area of conductors, such as the requirements for protection
againstklectricshock(Chapterd1), protectionagainsthermaleffects(Chapter42), overcurrenprotection(Chapter

43), voltage drop (Section 525), and limiting temperatures for terminals of equipment to which the conductors are
connected (Section 526).

Thisappendiappliesto non-sheathe@dndsheathedableshavinganominalvoltageratingnotexceedindl kV AC or
1.5kv DC.

The values inTables 4D1Ato 4J4Ahave been derived in accordance with the methods giv&s ilEC 60287

using such dimensions as specified in the international statie@rd05021 and conductor resistances given in

IEC 60228. Known practical variations in cable construction (e.g. form of conductor) and manufacturing
tolerances result in a spread of possible dimensions and hence-carrgitig capacities for each conductor size.
Tabulated currentarrying capacities have been selected in such a way as to take account of this spread of values
with safety and to lie on a smooth curve when plotted against conductosentigmal area.

For multicore cables having conductors with a cismstional area of 25 nterlarger, either circular or shaped
conductorsarepermissibleTabulatedralueshavebeenderivedfrom dimensiongippropriaté¢o shapectonductors.

All the currentcarrying capacities given are based on the ambient.temperature and conductor/sheath operating
temperature stated in Tables 4DiAMdF2Aand 4G1Ato 4J4A.

2 CIRCUIT PARAMETERS
2.1 Ambient Temperature

Thecurrentcarryingcapacitiesn this appendixarebaseduponthefollowing referenceambienttemperatures:
(i) Fornonsheathedndsheatheaablesn air, irrespectiveof the InstallationMethod:30 °C
(i) Forburied cables, eithefirectly in the soibrin ductsin the ground: 20C.

Where the ambient temperature in the intended location of theheathed or sheathed cables differs from the
reference ambient temperature, the appropriate rating factors gifablgs 4B1 and 4B2 are to be applied to the
values of currentarrying capacity. set'out in Tables 4D1A to 4J4A. For buried cables, further correction is not
needed if the soil temperature exceeds the selected ambient temperature by an amount up to 5 °C for only a few
weeks a year.

The rating factors iTables 4B1 and 4B2 do not take account of the increase, if any, due to solar or other infrared
radiation.Wherenonsheathear sheathed¢ablesaresubjectto suchradiation thecurrentcarryingcapacitymaybe
derived by the methods specifiedd® IEC 60287

2.2 Soil Thermal Resistivity

The currenicarrying capacities tabulated in this appendix for cables in the ground are based upon a soil thermal
resistivity of 2.5 K.m/W and are intended to be applied to cables laid in and around buildings. For other
installations, where investigations establish more accurate values of soil thermal resistivity appropriate for the
load to be carried, the values of curreatrying capacity may be derived by the methods of calculation given in
KS IEC 60287 or obtained from the cable manufacturer.

In ‘locations where the effective soil thermal resistivity is higher than 2.5 K.m/W, an appropriate reduction in
currentcarrying capacity should be made or the soil immediately around the cables should be replaced by a more
suitable material. Such cases can usually be recognized by very dry ground conditions. Rating factors for soil
thermal resistivities other than 2.5 K.m/W are given in Table 4B3.
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2.3 Groups of cables containing more than one circuit
231 Methods of Installation A to D in Table 4A2

Currentcarryingcapacitiegyivenin Tables4AD1Ato 4J4Aapplyto singlecircuitsconsistingof:
(i) two nonsheathed cables two singlecore cablespr onetwo-corecable
(i) threenonsheathed cables threesinglecore cablespr onethreecorecable.

Wheremorenon-sheatheadablesptherthanbaremineralinsulatedcablesnotexposedo touch,areinstalledin the
samegroup,the groupratingfactorsspecifiedin Tables4C1to 4C3needto beapplied.

NOTE: Thegroupratingfactorshavebeencalculatecbnthebasisof prolongedsteadystateoperatiorata 100% loadfactorfor |
all live conductorsWhere the loading is less than 100 % as a result of the conditions of operation of the installa{ion,
the group rating factors may be higher.

232 Methods of Installation E and Fin Table 4A2
Thecurrentcarryingcapacitieof TablesAD1Ato 4J4Aapplyto theseReferenceMethods.

For installations on perforated trays, cleats and similar, cucanying capacities for both single circuits and
groupsare obtained by multiplying the capacitgisen for the relevant arrangementsionsheathed or sheathed
cables in free air, as indicatedTiables 4D1A0 4J4A, by the applicable group rating factors givemables 4C4
and4C5.No groupratingfactorsarerequiredfor baremineralinsulatedcablesnotexposedo touch,Tables4AG1A
and 4G2A refer.

NOTE 1: Group rating factors have been calculated as averages for the range of-conductor sizes, cable types and installation
condition consideredittention is drawn to the notes under each table. In some instances, a more precise calculation
may be required.

NOTE 2: Groupratingfactorshavebeencalculatedbn the basisthatthe groupconsistof similar, equallyloadednon-sheathed
or sheathed cables. Where a group contains various sizes -sheathed or sheathed cables, caution should be
exercised over the current loading of the smaller cables (see 2.3.3 below).

NOTE 3: A group of similar cables is taken to be a group where the ctoaenting capacity of all the cables is based on the
same maximum permissible conductor temperature and where the range of conductor sizes in the group spans not
more than three adjacent standard sizes:.

2.3.3 Groups of cables containing “different sizes

Tabulatedgrouprating factorsareapplicableto groupsconsistingof similar equallyloadedcablesThe calculation

of rating factors for groups containing different sizes of equally loaded sheathed -sheathed cables is
dependent on the total number.in the group and the mix of sizes. Such factors cannot be tabulated but must be
calculated for each group.. The method of calculation of such factors is outside the scope of this appendix. Two
specific examples of where such calculations may be advisable are given below.

2331 Groups in conduit systems, cable trunking systems or cable ducting systems

For a group_containing different sizes of r&imeathed or sheathed cables in conduit systems, cable trunking
systems or‘cable ducting systems, a simple formula for calculation of the group rating factor is:

C,= 4

o
where

L N is the group ratindactor

n is thenumberof circuitsin thegroup.

The group rating factor obtained by this equation will reduce the danger of overloading the smaller sizes but may
lead to undeutilization of the larger sizes. Such undgilization can be avoided if large and small sizes of-non
sheathed or sheathed cable are not mixed in the same group.

The useof a methodof calculationspecificallyintendedfor groupscontainingdifferent sizesof non-sheathedr
sheatheaable in conduit will produce a more precise group ratietpr.

2.3.3.2 Groups of cables on trays

Where a group contains different sizes of 1sbieathed or sheathed cable, caution must be exercised over the
current loading of the smaller sizes. It is preferable to use a method of calculation specifically intended for groups
containing different sizes of nesheathed or sheathed cables.
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Thegroupratingfactorobtainedn accordancevith theformulain 2.3.3.1will provideavaluewhichmaybesafely
applied, but which may result in unédetilisation.

2.4 Conductors

Thecurrentcarryingcapacitiesndvoltagedropstabulatedn this appendixarebasecbn cableshavingsolid conductors
(Classl), or strandecconductorgClass?2), exceptfor Tables4F1Ato 4F3B.To obtainthe correctcurrentcarrying
capacityor voltagedropfor cabletypessimilarto thosecoveredby Tables4D1,4D2,4E1and4E2butwith flexible
conductors (Class 5), the tabulated values are multiplied by the following factors:

Cablesize Current-carrying capacity Voltagedrop

S16 mm? 0.95 1.10

| 25 mm? 0.97 1.06
25 Other calculations

In additionto calculationsrelatedto currentcarrying capacity,overloadprotectionand voltage drop described

in this appendix, other calculations are also required for the design of an_electrical-installation. These include
calculationsof fault currentundervariousconditions.The equationggiven in IEC 603645-52 are recommended

for calculating circuit impedances, fault currents and other parameters.

3 RELATIONSHIP OF CURRENT-CARRYING CAPACITY TO OTHER CIRCUIT PARAMETERS

Therelevantsymbolsusedin the Sections areasfollows:

I, thecurrentcarryingcapacityof a cablefor continuousserviceunderthe particularinstallationconditions
concerned.

l: thevalueof currenttabulatedn this appendixor thetypeof cableandinstallationmethodconcernedfor
a single circuit in the ambient temperature stated in'the ctragnting capacity tables.

lb thedesigncurrentof thecircuit, i.e. the currentintendedo be carriedby thecircuitin normalservice.

In  the rated current or current setting of the protective device.

I theoperatingcurrent(i.e. thefusing currentor tripping currentfor the conventionabperatingtime) of the
device protecting the circuit against overload.

C aratingfactorto beappliedwheretheinstallationconditionsdiffer from thosefor which valuesof currentcarrying
capacityaretabulatedn thisappendixThevariousratingfactorsareidentifiedasfollows:

Ca for ambienttemperature

Cc for circuitsburiedin theground
Cd-.for depth of burial
Ct./for.semiencloseduseto IEC
60269

Cg for grouping

Ci  for thermalinsulation

Cs for thermal resistivity ooil.

The ratedcurrentor currentsettingof the protectivedevice (In) mustnot be lessthanthe designcurrent(lb) of
the circuit, and the rated current or current setting of the protective deyiecaust not exceed the lowest of the
currentcarrying capacities £) of any of the conductors of the circuit.
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Where the overcurrent device is intended to afford protection against oveploaastinot exceed 1.45 &nd h
must not exceed (see paragraph 4 below).

Wherethe overcurrentdeviceis intendedto afford fault currentprotectiononly, In canbegreaterthanlz andl, can
be greater than 1.45.[The protective device must be selected for complianceSettion 434.5.2.

4 OVERLOAD PROTECTION

Where overload protection is required, the type of protection does not affect the-carrgimg capacity of a
cablefor continuousservice(lz) butit mayaffectthe choiceof conductorsize. The operatingconditionsof a cable

are influenced not only by the limiting conductor temperature for continuous service, but also by the conductor
temperaturevhichmightbeattainedduringtheconventionabperatingime of theoverloadprotectivedevice;in the

event of an overload.

This meanghatthe operatingcurrentof the protectivedevicemustnot exceedl.451z. Wherethe protectivedevice
is a fuse tdEC 60269series, a circuibreaker tdEC 60898 orl[EC 609472 or a residual current circtlireaker
with integralovercurrenprotectionto IEC 610091 (RCBO), this requirements satisfiedby:selectinga valueof |z
not less thannl

In practice, because of the standard steps in ratings of fuses andhrieekiers, it is often'necessary to select a
valueof In exceedingb. In thatcase pecausét is alsonecessaryor |z in turnto benotlessthanthe selectedralue

of In, the choice of conductor crosssectional area may be dictated by the.overload conditions and the
currentcarrying capacity @) of the conductors will not always be fully utilised:

Thesizeneededor a conductomprotectedagainstoverloadby a IEC 60269semienclosedusecanbeobtainedby

the use of a rating factor, 1.45/2 = 0.725, which results in thersame.degree of protection as that afforded by other
overloadprotectivedevicesThisfactoris to beappliedto thenominalratingof thefuseasadivisor, thusindicating

the minimum value oftrequired of the conductor to be protected..In this case also, the choice of conductor size is
dictatedby theoverloadconditionsandthe currentcarryingcapacity(lz) of the conductorcannotbefully utilised.

The tabulated currerttarrying capacities for cables direct. in ground or in ducts in the ground, given in this
appendix,arebasedan ambienttemperaturef 20.°C. Thefactorof 1.45thatis appliedin Section 433.1.1when
considering overload protection assumes that the-tabulated ecareying capacities are based on an ambient
temperatur®f 30 °C. To achievethe samedegreeof overloadprotectionwhereacableis fi i amluctinthegr ound o
orfi b u rdii e discomparedvith otherinstallationmethodsaratingfactorof 0.9is appliedasa multiplier to the
tabulated currentarrying capacity.

5 DETERMINATION‘OF THE SIZE OF CABLE TO BE USED

Havingestablishedhe designcurrent(lp) of thecircuit underconsiderationthe appropriatgproceduredescribedn
paragraph$.1and5.2 belowwill ‘enablethe designerto determinehesizeof thecableit will be necessaryo use.

As a preliminary step.it is useful to identify the length of the cable run and the permissible voltage drop for the
equipment being supplied,; as this may be an overriding consideration (see Section 525 and paragraph 6 of this
appendix). The permissible voltage drop in mV, divided thgrid by the length of run, will give the value of
voltage drop in mV/A/m which can be tolerated. A voltage drop not exceeding that value is identified in the
appropriate table and the corresponding esesgional area of conductor needed on this account can be read off
directly before any other calculations are made.

Theconductorsizenecessaryrom consideratiorof the conditionsof normalload andoverloadis thendetermined.

All rating factors affecting4 (i.e. for factors for ambient temperature, grouping and thermal insulation) can, if
desired beappliedto thevaluesof It asmultipliers. This involvesa procesf trial anderroruntil acrosssectional
aredis reachedsothatlz is notlessthanlp andnotlessthanin of anyprotectivedeviceit is intendedo selectinany |
event, if a rating factor for protection by a sesniclosed fuse is necessary, this has to be appliedatod divisor.

It is therefore more convenient to apply all the rating factorsas Hivisors.

This method is used in items 5.1 and 5.2 and produces a value of current and that value (or the next larger value)
can be readily located in the appropriate table of cuecanying capacity and the corresponding cresstional

area of conductor can be identified directly. It should be noted that the valuappiehring against the chosen
crosssectional area is not.lIt is not necessary to knowwhere the size of conductor is chosen by this method.

5.1 Where overload protection is afforded by a device listed in Section 433.1.201 or a
semi-enclosed fuse to IEC 60269

5.1.1 For single circuits

(i) Divide the rated current of the protective devieg By any applicable rating factors for ambient
temperaturgCa) , soil thermalresistivity (Cs) anddepthof burial (Cd) givenin Tables4B1to 4B4.
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For cablesnstalled above groun@sand G = 1.
(i) Thenfurther divide by any applicable rating factor for thermal insulaf@h

(i) Thenfurtherdivide by theapplicableratingfactorfor thetype of protectivedeviceor
installation condition (€ Cc):

= Ly
=C, GGG CC Equationl
(a) Wherethe protective device s semienclosed fuséo IEC 60269 Cr = 0.725. Otherwise (G 1

(b) Where the cable installation method is 'in a duct in the ground' or 'buried dieeetQ.€. For cables
installed above groundG 1.

Thesizeof cableto beusedis to besuchthatits tabulateccurrentcarryingcapacity(lt) is notlessthanthevalueof
rated current of the protective device adjusted as above.

5.1.2 For groups

() Inadditiontothefactorsgivenin 5.1.1,dividetheratedcurrentof theprotectivedevice(ln) by theapplicable
rating factor for grouping (§ given in Tables 4C1 to 4C6:

Equation2

Alternatively, It maybeobtainedirom thefollowing formulae,providedthatthecircuits of thegrouparenotliable
to simultaneous overload:

Equation3

GG O\ T ¢ o

: 2 e
I> o J( L )+0.481b2(ﬁ) Equation4

The size of cable to be used is to be such that its tabulated-sirgylg currentcarrying capacity () is not less
than the value ofi talculated in accordance with equation 2 above or, where equations 3 and 4 are used, not less
than the larger of the resulting two.values:of |

5.2 Where overload. protection is not required

WhereSection 433.3.1 applies, and the cable under consideration is not required to be protected against overload,
the design current of the circuib)lis to be divided by any applicable rating factors, and the size of theto&igle

usedis to be suchthatits tabulatedcurrentcarrying capacity(lt) for the installationmethodconcerneds not less

than the value ofladjusted as above, i.e.:

b
> —=
AT
Equation5
NOTE: Where overload protection it required ¢ = 1.

5.3 Other frequencies

Current ratings stated in the tables are for DC and 50/68G4Zhe currenicarrying capacity of cables carrying, |
for example,balanced400 Hz AC comparedwith the currentcarrying capacityat 50 Hz, may be no morethan |
50 %. For smallcables(e.g.asmay beusedto supplyindividual loads) the differencein the50 Hz andthe 400Hz |
currentcarryingcapacitiesnay benegligible.Currentratingandvoltagedropvary with frequency Suitableratings
should be obtained from the manufacturer.

5.4 Effective current -carrying capacity

The currentcarrying capacity of a cable corresponds to the maximum current that can be carried in specified
conditions without the conductors exceeding the permissible limit of stgathy temperature for the type of
insulation concerned.

The values of current tabulated represent the effective curaenting capacity only where no rating factor is
applicableOtherwisethecurrentcarryingcapacitycorrespondso thetabulatedzaluemultiplied by theappropriate
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factoror factorsfor ambientemperaturegroupingandthermalinsulationaswell asdepthof burialandsoil thermal
resistivity, for buried cables, as applicable. Where harmonic currents are present further factors may need to be
applied. See section 5.5 of this appendix.

Irrespective of the type of overcurrent protective device associated with the conductors concerned, the ambient
temperature rating factors to be used when calculating ctoaenting capacity (as opposed to those used when
selecting cable sizes) are those given in Tables 4B1 and 4B2.

5.5 Rating factors for triple harmonic currents in four-core and five -core cables
with four cores carrying current

55.1 Rating factors

Section 523.6.3statesthat, where the neutral conductorcarries current without a correspondingreduction in
load of the line conductors, the neutral conductor shall be taken into account in ascertaining thecanryerg
capacity of the circuit.

This sectionis intendedo coverthesituationwherethereis currentflowing in theneutralof abalancedhreephase

system. Such neutral currents are due to the line currents having a harmonic content which does not cancel in the
neutral. The most significant harmonic which does not cancel in the neutral“is, usually the third harmonic. The
magnitude of the neutral current due to the third harmonic may exceed the magnitude of the power frequency line
current.In suchacasethe neutralcurrentwill haveasignificanteffecton thecurrentcarryingcapacityof the cablesof

thecircuit.

Theratingfactorsgivenin this appendixapplyto balancedhreephasecircuits;it.is recognizedhatthesituationis
moreonerousf only two of thethreephasesreloaded In this situation theneutralconductomwill carrytheharmonic
currents in addition to the unbalanced current. Such a situation can lead to overloading of the neutral conductor.

Equipment likely to cause significant harmonic currentsincludes, for example, vemjedgld motor drives,
fluorescentighting banksandDC powersuppliessuchasthosefoundin computersFurtherinformationon harmonic
disturbances can be foundKis IEC 61000.

Theratingfactorsgivenin thefollowing tableonly applyto cablesvheretheneutralconductoiis within afour-core

or five-core cable and is of the same material and esestional area as the line conductors. These rating factors
havebeencalculatedon the basisof third harmoniccurrentsmeasuredvith respecto thefundamentafrequencyof

the line current. Where the total harmonic distortion is more than 15 %, due to the third harmonic or multples
thereof, e.g. 9, 15", etc. then lower: rating factors are applicable. Where there is an imbalance between phases of
more than 50 % then lower rating factors may be applicable.

Thetabulatedrating factors,whenappliedto the currentcarryingcapacityof a cablewith threeloadedconductors,

will give the currentcarrying capacity of a cable with four loaded conductors where the current in the fourth
conductor is due to harmonics. The rating factors also take the heating effect of the harmonic current in the line
conductors into account.

Wherethe neutralcurrentis expectedo behigherthantheline currentthenthe cablesizeshouldbe selectecbn the
basis of the neutral current.

Wherethe cablesize selections based on a neutralirrent which isot significantlyhigherthanthe linecurrentit
is necessary to reduce the tabulated curcantying capacity for three loadednductors.

If the neutral current is more than 135 % of the line current and the cable size is selected on the basis of the
neutral current then the three line conductors will not be fully loaded. The reduction in heat generated by the line
conductors offsets the heat generated by the neutral conductor to the extent that it is not necessary to apply any
ratingfactorto thecurrentcarryingcapacityfor threeloadedconductorsto takeaccounof theeffectof four loaded
conductors.

TABLE 4Aai Rating factors for triple harmonic currents in four-core and five -core cables

Third harmonic Rating factor
content of Sizeselectionisbased | Sizeselectionisbased
line current* % on line current on neutral current
071 15 1.0 )
>1571 33 0.86 T
>33171 45 ) 0.86
> 45 ) 1.0

* NOTE: The third harmonic content expressedaal harmonidistortion.
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5.5.2 Example of the application of rating factor for third harmonic currents

Consider a threphase circuit with a design load (fundamental current) @& &8to be installed using a foaore
90°C thermosettingnsulatedcable Thecablewill beinstalledin agroupwith 3 othercircuitsonaperforateccable |
tray (methodE or F) in anexpectednaximumambientemperaturef 35 °C. Thecablewill beprotectedatits origin |
using a circuitbreaker tdEC 608981.

Case 1: Load does not produce third harmonic currents
Thedesign currentpl of the thregphase load iS8A.

To satisfySection 433.1.1, h O b, Iso the rated current of the circbiteaker, &, is selected to be 63 'A. The
required tabulated curreparrying capacity,t) under the above operational conditions is to satisfy:

Ly N . :
Iz ¢, (wherecircuitsof thegroupareassumedo beliable to simultaneousverload)

From Table 4B1, €= 0.96 and from Table 4C1gG 0.77

6
=006~ 077 =82 A

From Table 4E4A, a 16 mheable with copper conductors and steel wire armour has a tabulated -camrgirig
capacity of 9 and hence it is suitable if third harmonic currents are not present.in the circuit.

Case 2 Load produces an additional third harmonic content i THD-i =20 % |

Fortheseconctaseit is assumedhattheaboveloadis expectedo producethird harmonicdistortionof 20%in addition |
to the fundamental line current.

The fundamental line current of the above load i#\58ince.the third harmonic content is betweer33%%, the |
cablesizingis basedupontheline current.Becauseheloadhas20 % third harmonicthedesigncurrentusedfor the |
selection of the protective device is given by:

Iy = 58 x\[17+0.2* =59.1 A

where:lbh = design current including treffect of third-harmonicurrents

To satisfy Section 433.1.1, h O b, Is0 the rated current of the circbiteaker, #, is selected to be 63 A. In
addition,to comply with the Section 431.2.3,overcurrentdetectionmustbe providedfor the neutralconductor.
Therefore, a $ole protective device with overcurrent protection of the neutral should be provided. The required
tabulated currentarrying capacity,t) under the above operational conditions is to satisfy:

I = C, C,0.86 (_‘;(().S(j (wherecircuitsof thegroupareassumedo beliable to simultaneousverload)
The factor of 0.86 is‘taken from the above table.

Applying the abovegroupingandtemperatureating factors,the requiredtabulatedcurrentcarryingcapacityis found
to be 99.1 A.

FromTable4E4A,a16 mn? cablehasatabulatecturrentcarryingcapacityof 99 A, thusarule-basedsystenmmayselect
a25mny cablewhereasadesignemayexercisgudgemenandselecia 16 mn¥ cable.

Case 3: Load produces third harmonic content T THD-i = 42 %

Thefundamentaline currentof theaboveloadis 58 A. Sincethethird harmoniccontents betweer83-45%, thecable
sizingis basedupontheneutralcurrentwith aratingfactorof 0.86appliedto thecurrentcarryingcapacityof thecable.

In addition, to comply withSection 431.2.3 overcurrent detection must be provided for the neutral conductor.
Therefore a4-poleprotectivedevicewith overcurrenprotectionof the neutralshouldbe provided.

Theload isexpected to produce third harmonic distortion of 42 % of the fundamentabliirent.

Theneutralcurrentarisingfrom third harmonicss givenby

_3h

]bﬂ 100 InL

where: |pn=neutralcurrentdueto third harmoniccurrents
In. = fundamental line current
h = third harmonic aa percentage of the fundamental lowgrent.
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Hence, the neutral current of the circuitds$ 3 x 0.42 x 58 = 73.
Thereforethedesigncurrentof thecircuit dueto third harmonicgs 73A.

To satisfy Section 433.1.1,In Olp, so the ratedcurrentof the circuit-breaker,In, is selectedo be 80 A. The
required tabulated curreparrying capacity,t) under the above operational conditions is to satisfy:

I, - . .
li> 056 (Where circuits of the group are assumed to be liable to simultaneous overload)

Applying the above grouping and temperature rating factors, the required tabulated@anmgny capacity is
found to be 125.8 A.

FromTable4E4A,a25mn? cableis necessario compensatéor theadditionalthermaleffectdueto third harmonic
current.

All theabovecableselection@rebasednthecurrentcarryingcapacityof thecable;voltagedropandotheraspect®f
design have not been considered.

5.6 Harmonic currents in line conductors

Sectionb.5coverstheeffectof additiveharmoniccurrentslowing in theneutralconductor Theratingfactorsgiven
in section 5.5 take account of the heating effect of the third harmonic in the neutral as well as the heating effect of
the third harmonic in each of the line conductors.

Whereotherharmonicsarepresente.g.5", 71" etc,theheatingeffectof theseharmonicsn theline conductorsasto
betakeninto accountForsmallersizesJessthan50 mn?, the effectof harmoniccurrentscanbetakeninto account
by applying the following factor, & to the fundamental design.current.

where: | =50 Hzcurrent
Inn = N harmoniccurrent

For larger conductor sizes the increase in conductor resistance, due to skin and proximity effects, at higher
frequencies has to be taken into account. The resistance at harmonic frequencies can be calculated using the
equations given ilEC 602871-1.

6 TABLES OF VOLTAGE DROP

In thetables valuesof veltagedroparegivenfor a currentof oneamperefor ametrerun, i.e. for adistanceof 1 m
along the route taken by the cables, and represent the result of the voltage drops in all the circuit conductors. The
values of voltage drop assume that the conductors are at their maximum permitted normal operating temperature.

The values in‘the-tables, for AC operation, apply to frequencies in the range 49 to 61 Hz and faogingle |
armoureccableshetabulatedvaluesapplywherethearmouris bondedo earthat bothends.Thevaluesof voltage
drop for cables operating at higher frequencies may be substantially greater.

Foragivenrun,to calculatethe voltagedrop (in mV) thetabulatedvalueof voltagedrop perampereper metrefor

the cable concerned has to be multiplied by the length of the run in metres and by the current the cable is intended
to carry, namely, the design current of the circu} {th amperes. For thrgghase circuits the tabulated mV/A/m

values relate to the line voltage and balanced conditions have been assumed.

For cables having conductors of 16 for less crossectional area, their inductances can be ignored and
(mV/A/m)r values only are tabulated. For cables having conductors greater than?l¢&rassgsectional area the
impedance values are given as (mV/Adntpgether with the resistive component (mV/A/rahd the reactive
component (mV/A/my.

The direct use of the tabulated (mV/Afo) (mV/A/m)z values, as appropriate, may lead to pessimistically high
calculated values of voltage drop or, in other words, to unnecessarily low values of permitted circuit lengths. For
examplewherethedesigncurrentof a circuit is significantly lessthanthe effectivecurrentcarryingcapacityof the

chosen cable, the actual voltage drop would be less than the calculated value because the conductor temperature
(and hence their resistance) will be less than that on which the tabulated mV/A/m had been based.
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As regards power factor in AC circuits, the use of the tabulated mV/A/m values (for the larger cable sizés, the
tabulated (mV/A/my values) leads to a calculated value of the voltage drop higher than the actual value. In some
cases it may be advantageous to take account of the load power factor when calculating voltage drop.

Wherea moreaccurate assessmaftthevoltage drop islesirable théollowing methodsnay beused.
6.1 Correction for operating temperature

For cables having conductors of cresestional area 16 mhor less, the design value of mV/A/m is obtained by
multiplying the tabulated value by a factot, Given by:

230+ t,— (Cf CACrCl- '[‘—) (t,— 30) .
C,= 07T, Equation6

wheretp is the maximum permitted normal operating temperaft(c?.

This equationappliesonly wherethe overcurrentprotectivedeviceis otherthana IEC 60269fuse and where
the actual ambient temperature is equal to or greater than 30 °C.

NOTE: Forconveniencetheaboveequations basedntheapproximateesistancaemperatureoefficientof 0.004per°C at
20 °C for both copper and aluminiuconductors.

For cables having conductors of cr@estional area greater than 16 fmmnly the resistive component of the
voltage drop is affected by the temperature and the facti tGerefare~applied only to the tabulated value of
(mV/A/m)r and the design value of (mV/A/ais given by the vector sum.oft @nVV/A/m)rand (mV/A/mk.

For very large conductor sizes, where the resistive component of voltage drop is much less than the corresponding
reactive part (i.,e.whexrO 3), this rating factor need not be consi

6.2 Correction for load power factor

For cables having conductors of cresstional‘area 16 mhor less, the design value of mV/A/m is obtained
approximately by multiplying the tabulated-value by the power factor of the load, cos @.

For cables having conductors of cregstional area greater than 16 fthe design value of mV/A/m is given
approximately by:

cos O (tabulated(mV/A/m) ) Fsin O (tabulated(mV/A/m) )
For singlecore cables inflat formation the tabulated values apply to the outer cables and may underestimate for

the voltage drop between an outer cable and the centre cable fesectiosial areas above 240 Rand power
factors greater than 0.8.

6.3 Correction for both operating temperature and load power factor

For paragraph$.1Land6.2 above,whereit is considerecappropriateto correctthe tabulatedmV/A/m valuesfor
bothoperatingtemperatur@ndload powerfactor,thedesignfigure for mV/A/m is givenby:

(i) " for cableshavingconductorf crosssectionakreal6 mny or less
Ct cos g (tabulated mV/A/m)

(i) for cableshavingconductorf crosssectionakreagreateithan16 mn?

Ctcos @ (tabulated (mV/A/m) + sin @ (tabulated (mV/A/m).
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6.4 Voltage drop in consumers' installations

Thevoltagedropbetweertheorigin of aninstallationandanyload point shouldnotbegreatetthanthevaluesin the
table below expressed with respect to the value of the nominal voltage of the installation.

The calculatedvoltagedrop shouldinclude anyeffectsdueto harmoniccurrents.

TABLE 4Ab T Voltage drop

Lighting Other uses
(i) Low voltageinstallationssupplieddirectly from 3% 5% |
a public low voltage distribution system
(ii) Low voltageinstallationsuppliedfrom private 6% 8% |
LV supply (*)

(*) Thevoltagedropwithin eachfinal circuit shouldnot exceedhevaluesgivenin (i).
Wherethewiring systemf theinstallationarelongerthan100m, the voltagedropsindicated
abovemaybeincreasedy 0.005% permetreof thewiring systembeyond100m, without this
increase being greater than 0.5 %.

Thevoltagedropis determinedrom the demandbf the currentusingequipmentapplying
diversity factors where applicable, or from the value of the design current of the circuit.

NOTE 1: A greater voltage drop may be acceptable for a motor circuit during starting and for other equipment with a high
inrush current, provided that in both cases the voltage variations remain 'within the limits specified in the reldvant
equipment standard.

NOTE 2: Thefollowing temporaryconditionsareexcluded:
- voltagetransients
- voltagevariationsdueto abnormaloperation.

7 METHODS OF INSTALLATION

Table 4A2 lists the methods of installation. for which this appendix provides guidance for the selection of the
appropriate cable size. Table 4A3 lists«the appropriate tables for selection of current ratings for specific cable
constructions. The Reference Methods are.those methods of installation for which thecauryemg capacities

given in Tables 4D1A0 4J4Ahave been determined (see 7.1 below).

The use of other methods is not precluded and in that case the evaluation ofcarrg@ng capacity may need to
be based on experimental work;

7.1 Reference<Methods

TheReferencéviethodsarethosemethodwf installationfor whichthe currentcarryingcapacityhasbeendetermined
by test or calculation.

NOTE 1: It is impractical-to calculate and publish current ratings for every installation method, since many would result in the
same current ratind-herefore a suitable (limited) number of current ratings have been calculated which cover all of
the installation methods stated in Table 4A2 and have been called Reference Methods.

Reference Method A for example, Installation Methods 1 and 2 of Table 4A2 {steeathed cables and
multicore cables in conduit in a thermally insulated wall).

The wall consists of an outer weatherproof skin, thermal insulation and an inner skin of wood dike/ood
material having a thermal conductance of at least 102W/ifhe conduit is fixed such that it is close to, but not
necessarily touching, the inner skin. Heat from the cables is assumed to escape through the inner skin only. The
conduit can be metal or plastic.

Reference Method B for example, Installation Method 4 of Table 4A2 (rsireathed cables in conduit mounted
on awoodenor masonrywall) andInstallationMethod5 of Table4A2 (multicorecablein conduiton a woodenor
masonry wall).

The conduitis mountedon a woodenwall suchthat the gap betweenthe conduit and the surfaceis lessthan
0.3timestheconduitdiameterThe conduitcanbemetalor plastic.Wherethe conduitis fixed to amasonrywall the
currentcarryingcapacity of the noisheathed or sheathed cable mayigéer.
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Reference Method C (clipped direct), for example, Installation Method 20 of Table 4A2 (singte or
multicore cables on a wooden or masonry wall).

Cable mounte@dn a woodenwall sothatthe gapbetweerthe cableandthe surfaceis lessthan0.3 timesthe cable
diameterWherethecableis fixed to or embeddedn a masonrywall the currentcarryingcapacitymaybehigher.

NOTE 2: The term 'masonry' is taken to include brickwork, concrete, plaster and similar (but excluding thermally insulating
materials).

Reference Method D for example, Installation Method 70 ©&ble 4A2 (multicore armoured cable in conduit or
in cable ducting in the ground).

The cable is drawn into a 100 mm diameter plastic, earthenware or metallic duct laid in direct contact with soil
havingathermalresistivity of 2.5 K.m/W andatadepthof 0.7 m. Thevaluesgivenfor this methodarethosestated

in this appendix and are based on conservative installation parameters. If the specific installation parameters are
known (thermal resistance of the ground, ground ambient temperature, cable depth), reference can be made to the
cablemanufactureor the ERA 69-30 seriesof publicationswhichmayresultin asmallercablesizebeingselected.

NOTE 3: The currentcarrying capacity for cables laid in direct contact with soil having a thermal resistivity of 2.5 EndW
at a depth of 0.7 m is approximately 10 % higher than the values tabulated for Reference Method D.

Reference Methods E, F and Gfor example, Installation Methods 31 to 35/ of Table 4A (shugle or
multicore cables in free air).

The cable is supported such that the total heat dissipation is not impeded. Heating due to solar radiation and other
sources is to btaken into account. Care is to be taken that natural air convection is not impeded. In practice, a
clearance between a cable and any adjacent surface of at least 0.3 times the cable external diameter for multicore
cables or 1.0 times the cable diameter for shoglee cables is sufficient to permit the use of curamtying

capacities appropriate to free air conditions.

7.2 Other Methods
Cableon afloor: ReferenceMethodC appliesfor currentrating purposes.

Cable under a ceiling This installation may appear.similar to Reference Method C but because of the reduction
in natural air convection, Reference Method Biis to be used for the current rating.

Cable tray systemsA perforated cable tray has a regular pattern of holes that occupy at least 30 % of the drea of
the base of the tray. The currararrying.capacity for cables attached to perforated cable trays should be taken as
ReferencéMethodE or F. Thecurrentcarryingcapacityfor cablesattachedo unperforatedabletrays(no holesor

holes that occupy less than 30 % of the area of the base of the tray) is to be taken as Reference Method C

Cable ladder system This is a construction which offers a minimum of impedance to the air flow around the
cables, i.e. supporting metalwork under the cables occupies less than 10 % of the plan area. Ttarcvimgnt |
capacity for cables on‘ladder systems should be taken as Reference Method E or F.

Cable cleats, cable ties and cable hangers Cable supportshold the cable at intervals along its length and
permit substantially ' complete free air flow around the cable. The cwraenting capacity for cable cleats, cable
ties and cable hangers should be taken as Reference Method E or F.

Cable installed in a ceiling This is similar to Reference Method A. It may be necessary to apply the rating
factors.due.to higher ambient temperatures that may arise in junction boxes and similar mounted in the ceiling.

NOTE: . Where a junction box in the ceiling is used for the supply to a luminaire, the heat dissipation from the luminaire may
provide higher ambient temperatures than permitted in Tables 4D1A to 4J4A (segeelmm 522.2.1). The
temperaturenaybebetweerd0 °C and50 °C, andaratingfactoraccordingo Table4B1 mustbeapplied.

General notes to all tables in this appendix

NOTE 1: Currentcarrying capacities are tabulated for methods of installation which are commonly used for fixed electrical
installations.The tabulated capacities are for continuous stetalg operation (100 % load factor) for DCA® of
nominal frequency 50 Hz and take no account of harmonic content.

NOTE 2: Table4A2 itemizesthereferencenethod=of installationto which thetabulatedcurrentcarryingcapacitiesefer.
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TABLE 4A1 71 Schedule of Installation Methods in relation to conductors and cables

Installation Method

Conductors , . _ Cable Cable | Cable ladder,
and cables V\.llt.hOUt Cll.pped Conduit trunking | ducting | cable tray, | . on Support
fixings direct | systems insulators|  wire
systems* | systems| cablebrackets
Bareconductors np np np np np np P np
Non-sheathedable np np Pt pr2 Pt npt P np
Sheathed | myiticore P P P P P P N/A P
cables
(including
armoured | gindiecore | N/A P P P P P NIA P
andmineral
insulated)
P Permitted.

np Not permitted.

N/A  Not applicableor not normally used ipractice.

* includingskirting trunkingandflush floor trunking
1 Non-sheathedableswvhich areusedasprotectiveconductorr protectivebondingconductorsieednot belaid in conduits

or ducts

2 Non-sheathedablesareacceptabléf thetrunking systemprovidesat leastthe degreeof protectionlPXXD or IP4X andif
the cover can only be removed by means of a tool or a deliberate action.
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TABLE 4A2 - Schedule of Installation methods of cables (including Reference Methods)
for determining current -carrying capacity

NOTE 1: The illustrations are not intended to depict actual product or installation practices but are indicative of the method
described.

NOTE 2: The installation and reference methods stated are in lind&@h However, not all methods have a corresponding
rating for all cable types.

Installation Method Reference Method to be
used to determine
current-carrying capacity

Number Examples Description

Non-sheathedablesn conduit

in a thermally insulated wall with an inngkin
havinga thermakonductance afiot lesshan
10W/mK ¢

Multicore cable irconduit

in a thermally insulated wall with an inngkin
havinga thermakonductance afiot lesshan
10W/m?K ¢

Multicore cabledirect

in a thermally insulated wall with_ an‘inngkin
havinga thermakonductance afiot lesshan
10W/mK ¢

Non-sheathed cables
in conduitonawoodenor masonrywall or B
spacedessthan0.3x conduitdiametefromit ©

Multicore cable
in conduitonawoodenor masonrywall or B
spacedessthan0.3x conduitdiametefromit ©

_;_f =
02,

Non-sheathedables

in cable trunking on a wooden or masomw3/|
6 - run horizontally?

7 - runvertically ®¢

Multicore cable

in cable trunking on a wooden or masom3l|
8 - run horizontally?

9 - runvertically ®¢

B*

Non-sheathedables

10 in suspended cable trunkifig

11

Multicore cable
in suspended cable trunkifig

Non-sheathedablesun

12 in mouldings®®

b Valuesgiven for ReferenceMethodB in Appendix 2arefor a singlecircuit. Wherethereis more thanonecircuit in the trunking the |
group rating factor given in Table 4C1 is applicable, irrespective of the presence of an internal barrier or partition.

Cc Careis neededwherethe cablerunsvertically and ventilationis restricted. The ambienttemperatureat the top of the vertical section
can be much higher.

e Thethermalresistivity of the enclosureis assumedo be poor becausef the materialof constructionand possibleair spacesWhere
the construction is thermally equivalent to Installation Methods 6 or 7, Reference Method B may be used.

Still under consideration ifEC .
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TABLE 4A2 (continued)

Installation Method

Reference Method to be
used to determine

Number | Examples Description current-carrying capacity
13
Notused
14

Non-sheathedables

15 in conduitor single.coreor multicorecable A
in architrave® f
Non-sheathedables
16 in conduitor single-coreor multicorecable A
in window frames> f
Singlecore or multicoreables:
20 - fixed on (clipped direct), or spaced less c
than0.3x cablediameteifrom awoodenor
masonry walf
Singlecore or multicoreables: C
21 - fixed directly underawoodenor masonry (Higherthanstandar&ambientemperatures
ceiling may occur with this installation method)
. . E, For G*
Singlecore or multicoreables:
22 - (Higherthanstandardambientemperatures
-'spaced from aeiling
may occur with this installation method)
23 Notused
Singlecore or multicoreables:
30 -on unperforateﬂay C with item 2 of Table4C1
run horizontallyor vertically ¢ "
Singlecore or multicoreables:
31 - on perforatedray EorF
run horizontallyor vertically ¢ "
Singlecore or multicoreables:
32 EorF

- onbracketsor onawire meshtray
run horizontally or vertically- "

be much higher.

Careis neededvherethecablerunsverticallyandventilationis restricted Theambientemperaturatthetop of theverticalsectioncan

The thermal resistivity of the enclosure is assumed to be poor because of the material of construction and possiblgvaie st

constructioris thermallyequivalento InstallationMethodsg, 7, 8 or 9, ReferencévlethodB maybeused.

. = the external diameter afmulticorecable:

- 2.2x thecable diameter whethree singlecorecablesare boundn trefoil, or
- 3 x thecablediametemwhenthreesinglecorecablesarelaid in flat formation.

Still under consideration iEC .
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TABLE 4A2 (continued)

Installation Method

Reference Method to be

Numb E | b inti used to determine
umber xamples escription current-carrying capacity
Single-core or multicoreables:
33 - spacednore thar0.3 timesthe cable E, For GY
diameter from avall
Singlecore or multicoreables:
34 - on aladdef Eork
Single-coreor multicorecablesuspendeéfom
35 ) . > EorF
or incorporating a support wire or harness
36 Bareor non-sheatheatableson insulators G
40 -H H v Single-coreor multicorecable Where 1.5 ROV < 20Dg
DT . @ - l in a building void® " useB
e [H T
S
A 1 Non-sheathedables
- o in conduit .
41 DT H +H v in a buildingvoid Where 1.5 [ OV
le H \G=/ B | in masonnhavingathermalresistivitynot useB
m ! !! T greater than.2 K.m/W"4
B R b ] Singleccoreor multicorecable
= T in.conduit R
42 E; - v | in abuildingvoid Where 1.5 @OV
€M (! T l in masonfyhavingathermalresistivitynot useB
. : e greater than 2 K.m/W'
Non-sheathedables
in cable ducting .
43 in a buildingvoid Where 1.5 QOV
in masonnhavingathermalresistivitynot useB
greater than 2 K.m/W"!
AR Single-coreor multicorecable
HH in cable ducting -
44 SEH in a buildingvoid Where 1.5 ROV
e HH | in masonnyhavingathermalresistivitynot useB
ISENEEEEEEEEES greater than 2 K.m/W"!
{ESSESEEEE! Non-sheathedables .
f f in cable ducting Where 1.5 ROV < 50Dg
45 De] e | v in masonnhavingathermalresistivitynot useB
EESEESSES greater than 2 K.m/W i
S ammammaan Single-coreor multicorecable .
46 g7 ® F'v | in cable ducting o Where 1.5 QOV < 50Dg
i - ! in masonnhavingathermalresistivitynot useB
e greater than 2 K.m/W "
e e |
i Single-core or multicoresable: .
47 ¥ Vv - in a ceilingvoid » Where 1.5 ROV < 50D
De @ | - in asuspendeéioor useB
[EESSESESEEEEE|

be much higher.
g Thefactorsin Table4dC1mayalsobeused.

D. = the external diameter ofraulticorecable:

- 2.2x thecable diameter whethree singlecorecablesare boundn trefoil, or
- 3 x thecablediametemwhenthreesinglecorecablesarelaid in flat formation.

Careis neededvherethe cablerunsvertically andventilationis restricted Theambienttemperaturatthetop of thevertical sectioncan

V = thesmaller dimensioor diameterof amasonryductor void, or theverticaldepth ofa rectanguladuct,floor or ceiling void or channel.

D. = external diameter of conduit or vertical depth of caloieting.




TABLE 4A2 (continued)

Installation Method Reference Method to be
. used to determine
Number Examples Description current-carrying capacity
50 Non-sheatheaables B
oo, in flush cabletrunkingin thefloor
Multicore cable
51 . - B
in flush cabletrunkingin thefloor
Non-sheathedables
52 . . B
in flush trunking
Multicore cable
53 . - B
in flush trunking
Norsheathedablesor singlecorecables .
. " . Where 1.5 ROV
54 in conduitin anunventilateccablechannel
run horizontally or vertically:* ™ useB
T N T N T NN
EE Non-sheathedables
55 H in conduit in an open or ventilated cablennel B
: T in thefloor '™
1]
-
Sheathedsingle-core ormulticore cable
56 in anopenor ventilated cablechannel B
run horizontally or vertically ™

Singlecore or multicore cabldirect
i in masonry having a thermal resistivitgt

greater than K.m/W

- withoutadded mechanicalrotection™°

Single-core or multicore cabldirect

in masonry having a thermal resistivitgt
greater than K.m/W

- with added mechanicalrotection™®

(e.g.capping)

=

i

Non-sheathedcablesor single-core
cables in conduit

S It ! in masonry havingathermal resistivity not B
greater than 2 K.m/We°

Multicore cables
in conduit

in masonry havingathermal resistivity not B
greater than 2 K.m/We

i

H o

¢ Careis rjeededv|IEleE0a
muchhigher. ! !

rtically andventilationis restricted Theambienttemperaturatthetpp of theverticalsectioncanbe

k  De = externaldiameterof conduit.

iV =the smaller dimensioor diameter of anasonry duct or voidy the verticatlepth of a rectangulaluct, floor or ceilingsoid or channel.

Thedepth of the channel imore important than theidth.
| Formulticore cable installed &dethod 55, use curremarrying capacity for Reference MethBd

m It is recommendedhat theselnstallationMethodsare usedonly in areaswhereaccesds restrictedto authorizedpersonsso that the
reductionin currentcarryingcapacityandthefire hazard du¢o theaccumulatiorof debriscanbe prevented.

n Forcableshavingconductorsiotgreatetthan16 mn?, the currentcarryingcapacitymay be higher.

Thermalresistivityof masonryis notgreatetthan2 K.m/W. Thetermmasonryis takento includebrickwork, concreteplasterandthelike
(excludes thermally insulating materials).
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TABLE 4A2 (continued)

Installation Method

ReferenceMethod to beused
to determine

Number Examples Description current-carrying capacity
u D
70 T - H Multicorearmourectablein conduitorin cable For multicore armoured
fH=H ducting in the ground cableonly
1 L I
N
71 Notused
Wﬁ Sheathedarmourecbr multicorecablesdirectin
72 EEEmEEEE theground: D
:"_g - without added mechanical protection (se¢e)
HH
—_ Sheathedarmourecbr multicorecablesdirectin
I IEEEEEEEEEEEEEE NN
H N theground:
73 a8 °

7=

(o]e

- with addedmechanicaprotection(e.g.cable
covers)
(seenote)

NOTE: Theinclusionof directly buried cablesis satisfactorywherethe soil thermalresistivityis of the orderof 2.5 K.m/W. For lower
soil resistivities, the currerttarrying capacity for directly buried cables is appreciably higher than for cables in ducts.

TABLE 4A2 (continued -

Installation methods for flat twin and earth. cables in thermal insulation)

Installation Method

Number

Examples

Description

Reference Method to be
used to determine
current-carrying capacity

100

Installation methods for flat twin and earth cable
clipped direct to a wooden joist, or touching the
plasterboardeiling surface aboveaplasterboard
ceiling with thermainsulation not exceeding
100mmin thicknesshavingaminimumU valueof
0.1W/mPK

Table4D5

101

Installation methods for flat twin and earth cable
clipped direct to a wooden joist, or touching the
plasterboard ceiling surface, above a plasterboa
ceilingwith thermalinsulationexceedindlOOmm
in thickness having a minimum U value of
0.1W/mPK

Table4D5

102

Installation methodfor flat twin and earth cable ir
astudwall with thermalinsulationwith aminimum
U value of 0.1 W/rfK with the cable touchinghe
inner wall surface, or touching the plasterboard
ceiling surface, and the inner skin having a
minimum U value of 10 W/AK

Table4D5

103

I
i i |
.1
-1

Installation methodgor flat twin and earth cable i
astudwall with thermalinsulationwith aminimum
U value of 0.1 W/rfK with the cable not touching
the inner wall surface

Table4D5

Whereverpracticablea cablds to be fixedin aposition suchhatit will not becovered withthermalinsulation.
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TABLE 4A2 (continued -

Installation methods for cables enclosed in infloor concrete troughs)

Installation Method

Number

Examples

Description

ReferenceMethod
to beusedto determine
current-carrying capacity

117

O
O
O
@)
@)
O

Cables supported on the wall of an open or
ventilatedinfloor concreteéroughwith spacingas
follows:

- Sheathedinglecorecablesn freeair (any
supporting metalwork under the cables
occupying less than 10 % of plan area).

- Two or three cables vertically one above the
other,minimumdistancebetweercablesurfaces
equal to the overall cable diameters, distance
from thewall notlessthan¥zthecablediameter.

- Two orthreecableshorizontallywith spacingas
above.

EorF

118

XXX XM

o0 00 00

Ve

XXX

%VaViVa

\

Cablesin enclosedrench 450nmwide by
300mmdeep(minimumdimensions)ncluding
100 mm cover

- Two to six singlécore cables with surfaces
separatethy aminimumof onecablediameter

- Oneor two groupsof threesinglecorecablesn
trefoil formation

- Oneto four 2-corecablesor oneto threecables
of 3.0r'4 cores with all cables separated by a
minimum of 50 mm

EorF

usingrating factorsin
Table 4C6

119

O

XX XXX XX
O

000 000

XN KKK KA K

va

XXX XM

& & &

XXX XA

00_00 00

Cables enclosed in an infloor concrete trough 44
mmwide by 600mmdeep(minimumdimensions)
including 100 mm cover.

Six to twelve singlecore cables arranged in flat
groups of two or three on the vertical trench wal
with cablesseparatetly onecablediameteranda
minimum of 50 mm between groups.

or

two to four groups of three singt®re cables
in trefoil formationwith aminimumof 50 mm
between trefoil formations.

or

four to eight2-corecablesor threeto six cablesof
3 or 4 cores with cables separated by a minimu
of 75 mm.

All cablesspaced deast 25mm fromtrenchwall.

EorF

usingrating factorsin
Table 4C6
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TABLE 4A2 (continued -
Installation methods for cables enclosed in floor concrete troughs)

Installation Method

ReferenceMethod
o to beusedto determine
Number Examples Description current-carrying capacity

Cablesenclosedn aninfloor concreterough
600 mm wide by 760 mm deep (minimum
dimensions) including 100 mm cover.

o0 o0 OO
00 00O 0O
00 o0 CO
OO0 OO0 0O

Twelveto twenty-four single corecablesarranged
in either

flat formationof two or threecablesn agroupwith
cables separated by one cable diameter and eac!
cable group separated by a minimum of 50 mm
either horizontally or vertically

KA XXX XN
WK KK H =

or . ) ) EorF
singlecorecablesn trefoil formation

with eachgroupor trefoil formationseparatety a usingrating factorsin
minimum of 50 mm either horizontally or Table 4C6
vertically

120

X AKX XX
P P
KKK KK F

e PP

or
eight to sixteen 2ore cables or six to twelve
cablesof 3 or 4 coreswith cablesseparatety a
minimum of 75 mm either horizontally or
vertically.

e

XXX XXX
O O O 0
O o0 0 0
O O O O

All cablesspaced deast 25mm fromtrenchwall.

136



TABLE 4A3 71 Schedule of cable specifications

Specification Number | Specification Title Conductor
Operating
Temperature
KS IEC 605021 Power cables with extruded insulation and their accessoriesforr{ 90 A C
voltages from 1 kV (Um = 1.2 kV) up to 30 kV (Um = 36 kiVPart
1: Cables for rated voltages of 1 kV (Um = 1.2 kV) and 3 kV (Um
3.6 kV).
IEC 60227 Series Polyvinyl chloride insulated cables of rated voltages up to and 70 AC
including 450/750 M Part 3: Norsheathed cables for fixed wiring.
IEC 602276 Polyvinyl chloride insulated cables of rated voltages up to and 70 AC
including 450/750 M Part 6: Lift cables and cables for flexible
connections.
KS IEC 605021 (for Power cables with extruded insulation and their accessories for r; 9-0 '~ A C
Low Smoke Zero voltages from 1 kV (Um = 1.2 kV) up to 30 kV (Um = 36 KVPart
Halogen cables) 1: Cables for rated voltages of 1 kV (Um = 1.2 kV) and 3 kV (Um
3.6 kV).
KS IEC 605021 (for Power cables with extruded insulation and their accessories forr; 9 0 A C
Low Smoke Zero voltages from 1 kV (Um = 1.2 kV) up to 30 kV (Um = 36 KVPart
Halogen, fireresistant 1: Cables for rated voltages of 1 kV (Um = 1.2 kV) and 3 kV (Um
cables) 3.6 kV).
IEC 60245 Series Rubber insulated cablésRated voltages up to.and including 450/71 6 0 A C
V. depending on the
specific cable type.
IEC 607021 Mineral insulated cables and their terminations with arated volta Up t o 105
not exceeding 750 Y Part 1: Cables. normal operating
conditions.
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TABLE 4B1 7 Rating factors (Ca) for ambient air temperatures other than 30 °C

Insulation
Mineral 2
Ambient Thermoplastic
temperature® 60°C 70°C 90°C coveredor bare Bare and
°C thermosetting thermoplastic thermosetting and notexposedo
exposedo touch
touch 105°C
70 °C
25 1.04 1.03 1.02 1.07 1.04
30 1.00 1.00 1.00 1.00 1.00
35 0.91 0.94 0.96 0.93 0.96
40 0.82 0.87 0.91 0.85 0.92
45 0.71 0.79 0.87 0.78 0.88
50 0.58 0.71 0.82 0.67 0.84
55 0.41 0.61 0.76 0.57 0.80
60 T 0.50 0.71 0.45 0.75
65 T T 0.65 T 0.70
70 T T 0.58 T 0.65
75 T T 0.50 T 0.60
80 T T 0.41 T 0.54
85 T T ] ) 0.47
90 T T T T 0.40
95 T T T T 0.32

a Forhigher ambient temperatures, consnétnufacturer.

TABLE 4B2 i Rating factors(Ca) for ambient ground temperatures other than 20 °C

Ground Insulation

temperature 70°C 90°C
°C thermoplastic thermosetting
10 1.10 1.07
15 1.05 1.04
20 1.00 1.00
25 0.95 0.96
30 0.89 0.93
35 0.84 0.89
40 0.77 0.85
45 0.71 0.80
50 0.63 0.76
55 0.55 0.71
60 0.45 0.65
65 T 0.60
70 T 0.53
75 T 0.46
80 T 0.38
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TABLE 4B3 7 Rating factors (Cs) for cables buried direct in the ground
or in an underground conduit system to KS IEC 61386-24
for soil thermal resistivities other than 2.5 K.m/W
to be applied to the current -carrying capacities for Reference Method D

Thermalresistivity, K.m/W 0.5 0.8 1 12 15 2 25 3
Ratingfactorfor cablesn buriedducts 1.28 1.20 1.18 1.13 11 1.05 1 0.96
Rating factor for direct buriedables 1.88 1.62 15 1.40 1.28 112 1 0.90
NOTE 1: The rating factors given have been averaged over the range of conductor sizes and types of installation

included in the relevant tables in this appendix. The overall accuracy of rating factors is within £ 5 %.

NOTE 2: Wheremoreprecise valuearerequired theynay becalculatecoy methodgjivenin KS IEC 60287.
NOTE 3: Theratingfactorsareapplicable taluctsburiedat depthsof upto 0.8 m.
TABLE 4B4 7 Rating factors (Cd) for depths of laying other than 0.7 m
for direct buried cables and cables in buried ducts
Depth of laying, Buried direct In buried ducts
m
0.5 1.03 1.02
0.7 1.00 1.00
1 0.97 0.98
1.25 0.95 0.96
15 0.94 0.95
1.75 0.93 0.94
2 0.92 0.93
25 0.90 0.92
3 0.89 0.91
TABLE 4B5 1 Rating factors_for cables having more than 4 loaded cores
Numberof loadedcores 5 6 7 10 12 14 19
Ratingfactor 0.72 0.67 0.63 0.56 0.53 0.51 0.45
Numberof loadedcores 24 27 30 37 44 46 48
Ratingfactor 0.42 0.40 0.39 0.36 0.34 0.33 0.33
NOTE 1: The currentcarrying capacity for a cable in the size range 1.5 to 4,rhaving more than 4 loaded cores, is
obtained by multiplying the currentcarrying capacity of a 2-core, having the sameinsulation type, by the
factorselectedromthistable.Thecurrentcarryingcapacityfor the2-corecableis thatfor theinstallationcondition
to be used for the multicore cable.
NOTE 2: If, due.to known operating conditions, a core is expected to carry not more than 30 % of itscauryémg |
capacity in the multicore cable it may be ignored for the purpose of determining the number of twesble.
NOTE 3: If, due to known operating conditions, a core is expected to carry not more than 30 % of its rating, after applying the

rating factor for the total number of curretrrying cores, it may be ignored for the purpose of obtaining the rating
factor for the number of loaded cores.

For example, the currewtrrying capacity of a cable having N loaded cores would normally be obtained by

multiplying the currentcarryingcapacityof a 2-core,havingthe samensulationtype, by thefactorselectedrom

this table for N cores. That isid= ltac X Cgn

where:

Iz1cis thecurrentcarryingcapacityof the multicorecableafterapplyingtherating factorfor thetotal numberof
currentcarrying cores

ltoc is thetabulatedcurrentcarryingcapacityof a 2-corecable havingthe sameinsulationtype asthe multi-core
cable

Cyn is theratingfactor fromTable4B5 for thetotal numberof currentcarryingcores

However,if M coresin the cablecarryloadswhich arenotgreaterthan0.3 x l2c X Cgn, thecurrentcarrying
capacity can be obtained by using the rating factor correspondinghf) ¢dres.

Thed n greaterthan0.3 % lac X Cgndcalculation shouldbe appliedbeforethe adjacenmulticorecablegrouping |
factor,if applicable from Table4C1.The30 % rule shouldnotbe furtherappliedto any adjacentablegrouping |
factor calculations.

Iz1cshouldbe greatetthanor equalto In or I asappropriatedividedby therelevantrating factor(s)C, thatis
lz1cO Inor b/ C
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TABLE 4C171 Rating factors for one circuit or one multicore cable
or for a group of circuits, or a group of multicore cables,
to be used with current -carrying capacities of Tables 4D1A to 4J4A

Number of circuits or multicore cables To be used with
current-carrying
capacities,
Reference
Method

Arrangement

It !
€M | (cablestouching)| 1 | 2 | 3| 4| 5|6 | 7| 8| 9]12]16] 20

1. | Bunchednair,ona | 1.00( 0.80| 0.70| 0.65| 0.60| 0.57| 0.54| 0.52| 0.50| 0.45| 0.41| 0.38 AtoF
surfaceembeddedr
enclosed

2. | Single layer orwall | 1.00| 0.85| 0.79| 0.75| 0.73| 0.72| 0.72| 0.71| 0.70( 0.70| 0.70| 0.70 C
or floor

3. Single layer 1.00| 0.88]| 0.82| 0.77| 0.75| 0.73| 0.73| 0.72| 0.72| 0.72| 0.72| 0:72 E
multicoreona
perforated
horizontal
or verticalcable
tray system

4, Single layer 1.00( 0.87| 0.82| 0.80| 0.80| 0.79| 0.79| 0.78| 0.78| 0.78| 0.78| 0.78

multicoreoncable

ladder system or
cleats etc.

NOTE 1: Thesefactorsareapplicableto uniform groupsof cablesgquallyloaded.

NOTE 2: Wherehorizontalclearancebetweeradjacentablesexceedwice their overalldiameterno rating factorneedbe applied.

NOTE 3: The saméactorsareappliedto:
- groupsof two or threesingle-corecables;
- multicorecables.

NOTE 4: If a group consists of both twand threecore cables; the total number of cables is taken as the number of circuits, and the
corresponding factor is applied to the tables for two loaded conductors for tuersvoables, and to the Tables for three
loaded conductors for the threere cables.

NOTE 5: If agroupconsistf nsingle corecablest mayeitherbeconsiderecsn/2 circuitsof two loadedconductor®r n/3 circuitsof
three loaded conductors.
NOTE 6: The rating factors given have been averaged over the range of conductor sizes and types of installation included in Tables
4D1Ato 4J4Aand the overall accuracy of tabulated values is within 5 %. |
NOTE 7: Forsomeinstallationsandfor othermethodshotprovidedfor in theabovetable it maybeappropriateéo usefactorscalculated
for specificcasesseefor exampleTables4C4and4C5.
NOTE 8: Wherecableshavingdiffering conductooperatingemperaturaregroupedogetherthe currentratingis to bebaseduponthe
lowest operating temperature of any cable in the group.
NOTE9: If; dueto knownoperatingconditions a cableis expectedo carrynot morethan30 % of its groupedrating,it maybe
ignored for the purpose of obtaining the rating factor for the rest of the group.
Forexamplea groupof N loadedcablesvould normallyrequire agrouprating factorof Cq appliedto the tabulated.

However,if M cablesin thegroupcarryloadswhich arenotgreatethan0.3 Cjl, ampereshe othercablescanbesizedby
using the group rating factor corresponding teMINcables.
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TABLE 4C21 Rating factors for more than one circuit, cables buried directly in the ground 1
Reference Method D in Tables 4D4A to 4J4A
multicore cables

Cable-to-cable clearancg U)
Number of -
circuits il (ca}bles Qnecable 0.125m 0.25m 0.5m
touching) diameter
2 0.75 0.80 0.85 0.90 0.90
3 0.65 0.70 0.75 0.80 0.85
4 0.60 0.60 0.70 0.75 0.80
5 0.55 0.55 0.65 0.70 0.80
6 0.50 0.55 0.60 0.70 0.80

Multicore cables

Ho @

a (2

NOTE 1: Values given apply to an installation depth of 0.7 m and a soil thermal. resistivity of 2.5 K.m/W. These are
averagevaluesfor therangeof cablesizesandtypesquotedfor TablesAD4A to 4J4A. Theproces®f averaging,
together with rounding off, can result in some cases in errors of up to,.+10.%. (Where more precise values ar¢
required they may be calculated by methods giva€SAEC 60287.)

NOTE 2: In caseof athermalresistivitylowerthan2.5 K.m/W theratingfactorscan,in generalbeincreasegndcanbe
calculated by the methods givenKs IEC 60287.

TABLE 4C37 Rating factors for more than one circuit, single cables in ducts buried in the ground 1
Reference Method D in Tables 4D4A to 4J4A (Multicore cables in single -way ducts )

Number of ducts Duct-to-duct clearance( U)
Nil (ductstouching) 0.25m 0.5m 1.0m
2 0.85 0.90 0.95 0.95
3 0.75 0.85 0.90 0.95
4 0.70 0.80 0.85 0.90
5 0.65 0.80 0.85 0.90
6 0.60 0.80 0.80 0.90

Multicore cables

® ©

a
NOTE 1: Values given apply to an installation depth of 0.7 m and a soil thermal resistivity of 2.5 KTinéyare average
values for the range of cable sizes and types quoted for TablestéRKAA. The process of averaging, together
with roundingoff, canresult insome caseis errorsof upto +10%. (Wheremore precisealues areequired they
may be calculated by methods giverkis IEC 60287.)

NOTE 2: In case of a thermal resistivity lower than 2.5 K.m/W the rating factors can, in general, be increased and can be
calculated by the methods givenkis IEC 60287.
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TABLE 4C41 Rating factors for groups of more than one multicore cable, to be applied to
reference current -carrying capacities for multicore cables in free air T
Reference Method E in Tables 4D2A to 4J4A

Installation Method in Table 4A2 Number of Number of cablesper tray or ladder
trays 1 2 3 4 6 9
or ladders
Touching 1 Seeitem 3 of Table4C1
DO 2 1.00 0.87 080 | 077 | 0.73 0.68
3 1.00 0.86 079 | 076 | 0.71 0.66
Perforated 00,00,00,00,00]
e S 6 1.00 084 | 077 | 073 | 068 0.64
cable tray 620mm 0300 mm
systems 31
(Note3)
1 1.00 1.00 098 | (095 [, 0.91 i
1.00 0.99 0.96 | 0927 0.87 i
3 1.00 0.98 095 091 | o085 i
Seeitem 3 of Table4C1
Vertical 2 1.00 088 | 081 | 076 | 0.71 0.70
perforated
cabletray 31
systems
(Note4) 1 1.00 0.91 089 | 088 | 0.87 i
1.00 0.91 088 | 087 | 085 i
1 0.97 084 | 078 | 0.75| 0.71 0.68
Unperforated| (€0,6,60,00,66, 2 097 | 083 | 076 | 0.72| o068 | 063
Cabt'etfay &&ﬁaﬁ’:ﬁé 3 097 | 082 | 075 | 071 | 066 | 061
systems @& odrm 6 097 | 081 | 073 | 069 | 063 | 058
1 Seeitem 4 of Table4C1
2 1.00 0.86 0.80 | 0.78 | 0.76 0.73
Cable ladder 5 3 100 | 085 | 079 | 0.76 | 0.73 0.70
systems, 6 100 | 084 | 077 | 073| 068 | 064
cleats,wire 33
meshtray,
34
etc.
Spaced
(Note3) FE,Q 1 1.00 1.00 | 1.00 | 1.00 | 1.00 i
e
@“*I@ 1.00 099 | 098 | 097 | 096 i
. g 1.00 0.98 097 | 096 | 093 i
=020 mm

NOTE 1: Valuesgivenareaveragesor thecabletypesandrangeof conductorsizesconsideredn Tables4D2Ato 4J4A.The
spread of values is generally less than 5 %. |
NOTE 2: Factors apply to single layer groups of cables as shown above and do not apply when cables are installed in more
thanonelayertouchingeachother.Valuesfor suchinstallationsmay be significantly lower andmustbe determined
by an appropriate method.
NOTE 3: Valuesaregivenfor verticalspacingoetweercabletraysof 300mmandatleast20 mmbetweercabletraysandwall.
For closerspacingthefactorsshouldbereduced.
NOTE 4: Valuesaregivenfor horizontalspacingbetweercabletraysof 225 mm with cabletraysmountedbackto-back.For
closer spacing the factors should be reduced.
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TABLE 4C5 T Rating factors for groups of one or more circuits of single -core cables to be
applied to reference current -carrying capacity for one circuit of single -core cables in free air i

Reference Method F in Tables 4D1A to 4J3A

Number Number of three-phase
Installation Method in Table 4A2 of trays | circuits pertray or ladder | Useasa mulupher
or to rating for
ladders 1 2 s
Touching
Perforated ...... 1 0.98 0.91 0.87
cabletray ©©©©©© Three cablesin
systems 31 ) 2 0.96 0.87 0.81 horizontal
O300 mm formation
(Note3) 3 0.95 0.85 0.78
Vertical
perforated 1 0.96 0.86 i Three cablesin
cabletray 31 vertical
systems 2 0.95 0.84 i formation
(Note4)
Cable ladder 32 1 1.00 0.97 0.96
systems, ' ' ' Threecablesin
cleats, wire | 33 2 0.98 093 | 0.89 horizontal
meshtray, etc. formation
34 3 0.97 0.90 0.86
(Note3)
Perforated 1 1.00 0.98 0.96
systems 31 2 0.97 0.93 0.89
(Note3) 3 0.96 0.92 0.86
Vertical
perforated 1 100 | 091 | 089
cabletray 31 Threecables
systems 2 1.00 0.90 0.86 in trefoil
(Noted) formation
Cable ladder
systems; 32 1 1.00 1.00 1.00
cleats;wire | 33 2 0.97 0.95 0.93
meshtray, etc.
34 3 0.96 0.94 0.90
(Note3)
NOTE 1: Valuesgivenareaverage$or thecabletypesandrangeof conductorsizesconsideredn Tables4AD1Ato 4J3A.The

NOTE 2:

NOTE 3:

NOTE 4:

NOTE 5:

spread of values is generally less than 5 %. |

Factorsapplyto singlelayergroupsof cables(or trefoil groups)asshownaboveanddo not applywhencablesare
installed in more than one layer touching each other. Values for such installations may be significantly lower and
must be determined by an appropriate method.

Values are given for vertical spacing between cable trays of 300 mm and at least 20 mm between cable trays and
wall. For closer spacing the factors should be reduced.

Valuesaregivenfor horizontalspacingoetweercabletraysof 225mmwith cabletraysmountedackto-back.For
closer spacing the factors should be reduced.

Forcircuitshavingmorethanonecablein parallelperphasegachthreephasesetof conductorss to beconsidered
as a circuit for the purpose of this table.
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TABLE 4C61 Rating factors for cables enclosed in floor concrete troughs

(Installation Methods 118 to 120 of Table 4A2)

The rating factors tabulated below relate to the disposition of cables illustrated in items 118 t0120 of Table 4A2
andareapplicableto the currentcarryingcapacitiesor ReferenceMethodsE andF asgivenin therelevanttables
of this appendix.

Rating factor

Installation method 118

Installation method 119

Installation method 120

2 3single- | 4 single 6 single | 6single | 8single |12 12 18single- | 24single-
single- | core core core core core single single core core
Conductor | €ore cables, cables, or | cables, 4 | cables4 | cables, core core cables12 |.cables,16
Cross cables, |or2 2three-or | two-core | two-core | or 4 cables8 | cables8 | two-core | two-core
sectional | ©r1 two-core | four-core | cables, or | cables, |three-or |two-core |two-core’ | cables, cables,
area three- | cables cables 3three-or | or 3 four- cables, |cables, . Jor9 or12
or four- four-core | three-or | core or 6 or/6 three- or | three- or
core cables four- cables three-or | three-or | four-core | four-core
cables core four - four- cables cables
cables core core
cables cables
1 2 3 4 5 6 7 8 9 10 11
(mn¥)
4 0.93 0.90 0.87 0.82 0.86 0.83 0.76 0.81 0.74 0.69
6 0.92 0.89 0.86 0.81 0.86 0.82 0.75 0.80 0.73 0.68
10 0.91 0.88 0.85 0.80 0.85 0.80 0.74 0.78 0.72 0.66
16 0.91 0.87 0.84 0.78 0.83 0.78 0.71 0.76 0.70 0.64
25 0.90 0.86 0.82 0.76 0.81 0.76 0.69 0.74 0.67 0.62
35 0.89 0.85 0.81 0.75 0.80 0.74 0.68 0.72 0.66 0.60
50 0.88 0.84 0.79 0.74 0.78 0.73 0.66 0.71 0.64 0.59
70 0.87 0.82 0.78 0.72 0.77 0.72 0.64 0.70 0.62 0.57
95 0.86 0.81 076 0.70 0.75 0.70 0.63 0.68 0.60 0.55
120 0.85 0.80 0.75 0.69 0.73 0.68 0.61 0.66 0.58 0.53
150 0.84 0.78 0.74 0.67 0.72 0.67 0.59 0.64 0.57 0.51
185 0.83 0:77 0.73 0.65 0.70 0.65 0.58 0.63 0.55 0.49
240 0.82 0.76 0.71 0.63 0.69 0.63 0.56 0.61 0.53 0.48
300 0:81 074 0.69 0.62 0.68 0.62 0.54 0.59 0.52 0.46
400 0.80 0.73 0.67 0.59 0.66 0.60 0.52 0.57 0.50 0.44
500 0.78 0.72 0.66 0.58 0.64 0.58 0.51 0.56 0.48 0.43
630 0.77 0.71 0.65 0.56 0.63 0.57 0.49 0.54 0.47 0.41
NOTES:
1.. Thefactorsin Table4C6areapplicableto groupsof cablesall of onesize.Thevalueof currentderivedfrom applicationof
the appropriate factors is the maximum current to be carried by any of the cables in the group.
2. If, due to known operating conditions, a cable is expected to carry not more than 30 gsamfpedrating, it may be |
ignored for the purpose of obtaining the rating factor for the rest of the group.
3.  Wherecableshavingdifferentconductoioperatingemperaturearegroupedogethethecurrentratingshouldbebasedn
the lowest operating temperature of any cable in the group.
4. Whenthenumberof cablesuseddiffers from thosestatedn thetable theratingfactorfor thenexthigherstatechumberof

cables should be used.

144



ToY

TABLE 4D1A'1 Single -core 70 °C thermoplastic

with or without sheath

(COPPER CONDUCTORS)

CURRENT-CARRYING CAPACITY (amperes):

insulated cables, non-armoured,

Ambient temperature: 3@
Conductor operating temperature; 1D

ReferencéethodA
(enclosed in
conduitin thermally

ReferencéMethodB
(enclosed in conduil
on awall orin

ReferencéMethodC
(clipped direct)

Reference Metho#
(in freeair or on aperforatectabletray horizontalor

vertical)

COPPER

Conductor insulating walletc.) trunking etc.) Touching Spaced by ondiameter
Cross 2cables,| 3or4 | 2cables,|] 3or4 | 2cables, 3or4 2cables,| 3cables,| 3cables,| 2cablessinglephaseAC
sectional | sjngle cables, | single cables, | single cables, single three three or DC or 3 cables three
area phase | three phase | three | phaseAC three phase phase phase phase AC flat
AC or phase AC or phase or DC phaseAC ACor | ACflat AC
DC AC DC AC flat and flat and DC flat trefoil . )
touching | touching Horizontal Vertical
or trefoil
1 2 3 4 5 6 7 8 9 10 11 12
(mn) A A A A A) A A) A) A Q) A
1 1 10.5 135 12 15.5 14 - - - - - NOTE:
15 145 135 175 155 20 18 ) ) ) ) ) For cableshaving flexible conductors,see
section2.4 of this Appendix for adjustment
25 20 18 24 21 27 25 - - - - - factors for currentcarrying capacity and
4 26 24 32 28 37 33 - - - - - voltagedrop.
6 34 31 41 36 47 43 < - - - -
10 46 42 57 50 65 59 - - - - -
16 61 56 76 68 87 79 - - - - -
25 80 73 101 89 114 104 131 114 110 146 130
35 99 89 125 110 141 129 162 143 137 181 162
50 119 108 151 134 182 167 196 174 167 219 197
70 151 136 192 171 234 214 251 225 216 281 254
95 182 164 232 207 284, 261 304 275 264 341 311
120 210 188 269 239 330 303 352 321 308 396 362
150 240 216 300 262 381 349 406 372 356 456 419
185 273 245 341 296 436 400 463 427 409 521 480
240 321 286 400 346 515 472 546 507 485 615 569
300 367 328 458 394 594 545 629 587 561 709 659
400 - - 546 467 694 634 754 689 656 852 795
500 - - 626 533 792 723 868 789 749 982 920
630 - - 720 611 904 826 1005 905 855 1138 1070
800 - - - - 1030 943 1086 1020 971 1265 1188
1000 - - - - 1154 1058 1216 1149 1079 1420 1337




[A01%

VOLTAGE DROP (peramperepermetre):

TABLE 4D1B

Conduector operating temperature: [

Con 2 cables, singlphaseAC 3 or 4 cables, threphaseAC
ductor 2 ReferencéMethodsA & B Reference Methods C & F Referencéethods Reference Methods C & F
Cross cables, . (clippeddirect,on trayorin freeair) A&B . (clippeddirect,ontrayorin freeair)
see DC (enclosed in (enclosedn conduit
tional conduitor trunking) or trunking)
area Cablestouching Cablesspaced* Cablegouching Trefoil | Cablestouching,Flat | Cablesspaced*Flat
1 2 3 4 5 6 7 8 9
(mn?) (mv/ (mV/A/m) (mV/A/m) (mV/A/m) (mV/A/m) (mV/A/m) (mV/A/m) (mV/A/m)
Alm)

1 44 44 44 44 38 38 38 38

15 29 29 29 29 25 25 25 25

25 18 18 18 18 15 15 15 15

4 11 11 11 11 9.5 9.5 9.5 9.5

6 7.3 7.3 7.3 7.3 6.4 6.4 6.4 6.4

10 4.4 4.4 4.4 4.4 3.8 3.8 3.8 3.8

16 2.8 2.8 2.8 2.8 2.4 24 2.4 2.4

r X z r X z r X z r X z r X z r X z r X z
25 175 | 1.80 0.33 1.80 175 020 175 | 1.75 0.29 180 | 150 0.29 1.55 150 0.175 150 | 150 025 155 | 150 032 155
35 1.25 130 031 1.30 125 0.195 125 1.25 0.28 130 | 1.10 0.27 1.10 110 0.170 110 (| 110 024 1120 | 110 0.32 1.15
50 093 | 0.95 0.30 1.00 0.93 0.190 095 | 0.93 0.28 097 | 081 0.26 0.85 0.80 0.165 082 | 080 024 084 | 080 032 086
70 0.63 0.65 0.29 0.72 0.63 0.185 0.66 0.63 0.27 069 | 056 0.25 0.61 055 0.160 057 | 055 024 060 | 055 031 0.63
95 0.46 049 0.28 0.56 0.47 0.180 0.50 0.47 0.27 054 | 042 0.24 0.48 041 0.155 043 | 041 023 047 | 040 031 0.51
120 036 | 0.39 0.27 0.47 0.37 0.175 »0.41 | 0.37 0.26 045 | 033 0.23 0.41 0.32 0.150 036 | 032 023 040 | 032 030 044
150 0.29 031 0.27 0.41 0.30 0.275 034 0.29 0.26 039 | 0.27 0.23 0.36 026 0.150 030 | 026 023 034 | 026 0.30 0.40
185 0.23 0.25 0.27 0.37 0.24 0470+ 0.29 0.24 0.26 035 | 022 0.23 0.32 021 0145 026 | 021 022 031 ] 021 0.30 0.36
240 0.180 | 0.195 0.26 0.33 | 0.185 0.165 0.25 |0.185 0.25 031 | 0.17 0.23 029 | 0.160 0.145 0.22 | 0.160 0.22 0.27 | 0.160 029 0.34
300 0.145 | 0.160 0.26 0.31 0.150 /0.165 0.22 |0.150 0.25 029 | 0.14 0.23 0.27 | 0.130 0.140 0.190| 0.130 0.22 0.25 | 0.130 0.29 0.32
400 0.105 | 0.130 0.26 0.29 0.120 0.160 0.20 |0.115 0.25 0.27 | 0.12 0.22 0.25 0.105 0.140 0.175| 0.105 0.21 0.24 | 0.100 0.29 0.31
500 0.086 | 0.110 0.26 0:28 0.098 0.155 0.185 | 0.093 0.24 0.26 | 0.10 0.22 0.25 | 0.086 0.135 0.160| 0.086 0.21 0.23 | 0.081 0.29 0.30
630 0.068 | 0.094 .0.25 027 0.081 0.155 0.175 | 0.076 0.24 0.25 | 0.08 0.22 0.24 | 0.072 0.135 0.150( 0.072 0.21 0.22 | 0.066 0.28 0.29
800 0.053 - 0.068 0.150 0.165|0.061 0.24 0.25 - 0.060 0.130 0.145| 0.060 0.21 0.22 | 0.053 0.28 0.29
1000 0.042 - 0.059 0.150 0.160 | 0.050 0.24 0.24 - 0.052 0.130 0.140| 0.052 0.20 0.21| 0.044 0.28 0.28
NOTE: * Spacingdargerthanonecable diametewill resultin alargervoltagedrop.



TABLE 4D2AT Multicore 70 °C thermoplastic

non -armoured

(COPPER CONDUCTORS)

CURRENT-CARRYING CAPACITY (amperes):

Conductor operating temperature: 1

insulated and thermoplastic sheathed cables,

Ambient temperature: 3@

Reference MethoA Reference Method B ReferencéMethodC ReferencéMethodE
(enclosed in conduit in (enclosedn conduitona (clipped direct) (in free airoron a
thermallyinsulatingwall etc.) wall or in trunking etc.) perforateccabletray
Conductor etc, horizontal overtical)
sg(r;?i?; al 1 two-core | 1 threecore | 1 two-core | 1 threecore | 1two-core | 1threecore | 1two-core | 1 threecore
area cable*, cable* or 1 cable*, cable* or 1 cable*, cable* or 1 cable*, cable* or.1
singlephase| four-core | singlephase| four-core | singlephase| four-core | singlephase| four-core
AC or DC | cablethree | ACorDC | cablethree | ACor DC | cablethree | AC or DC | cablethree
phaseAC phaseAC phaseAC phaseAC
1 2 3 4 5 6 7 8 9
(mn?) Q) A Q) A A Q) (A A)

1 11 10 13 115 15 135 17 145
15 14 13 16.5 15 195 175 22 185
25 185 175 23 20 27 24 30 25

25 23 30 27 36 32 40 34

6 32 29 38 34 46 41 51 43
10 43 39 52 46 63 57 70 60
16 57 52 69 62 85 76 94 80
25 75 68 90 80 112 96 119 101
35 92 83 111 99 138 119 148 126
50 110 99 133 118 168 144 180 153
70 139 125 168 149 213 184 232 196
95 167 150 201 179 258 223 282 238
120 192 172 232 206 299 259 328 276
150 219 196 258 225 344 299 379 319
185 248 223 294 255 392 341 434 364
240 291 261 344 297 461 403 514 430
300 334 298 394 339 530 464 593 497
400 - - 470 402 634 557 715 597

* with or without a protectiveonductor

NOTE:

For cables having flexible conductors, see

section 2.4 of this Appendix for
currentcarrying

factors  for
voltage drop.

adjustment

capacity and



TABLE 4D2B

VOLTAGE DROP (peramperepermetre): Conductor operating temperature: 10
Conducto Two- Two-core Three- or four-core
I Cross core cable, single cable,three-phase AC
sectional cable,DC phaseAC
area
1 4
2 3
(mn?) (mV/A/m) (mV/A/m) (mV/A/m)

1 44 44 38

15 29 29 25
25 18 18 15

4 11 11 9.5

6 7.3 7.3 6.4

10 4.4 4.4 3.8

16 2.8 2.8 24

r X z r X z

25 1.75 1.75 0.170 1.75 1.50 0.145 1.50
35 1.25 1.25 0.165 1.25 1.10 0.145 1.10
50 0.93 0.93 0.165 0.94 0.80 0.140 0.81
70 0.63 0.63 0.160 0.65 0.55 0.140 0.57
95 0.46 0.47 0.155 0.50 0.41 0.135 0.43
120 0.36 0.38 0.155 041 0.33 0.135 0.35
150 0.29 0.30 0.155 0.34 0.26 0.130 0.29
185 0.23 0.25 0.150 0.29 0.21 0.130 0.25
240 0.180 0.190 0.150 0.24 0.165 0.130 0.21
300 0.145 0.155 0.145 0.21 0.135 0.130 0.185

400 0.105 0.115 0.145 0.185 0.100 0.125 0.160




COPPER

TABLE 4D3A T Single -core armoured 70 °C thermoplastic insulated cables
(non -magnetic armour)
(COPPER CONDUCTORS)
Ambient temperature: 3T

CURRENT-CARRYING CAPACITY (amperes): Conductor operating temperature;
Reference Metho@ Reference Metho#
(clippeddirect) (in freeair or on aperforateccabletray, horizontalor vertical)
Conductor Touching Touching Spaced by one cabtkameter
cross 2cables,| 3or4 | 2cables,| 3cables,| 3cables, 2 cablespC 2 cables, 3'or 4 cables,
sectional | single cables, | single three three singlephaseAC threephaseAC
area phase three | phaséAC | phase phase
AC phase | orDC AC AC Horizontal | Vertical | Horizontal| Vertical | Horizontal | Vertical
orDC AC flat flat trefoil
flat flat
1 2 3 4 5 6 7 8 9 10 11 12
(mn) A A A A A) Q) Q) A) A) @ @
50 193 179 205 189 181 229 216 229 217 230 212
70 245 225 259 238 231 294 279 287 272 286 263
95 296 269 313 285 280 357 340 349 332 338 313
120 342 309 360 327 324 415 396 401 383 385 357
150 393 352 413 373 373 479 458 449 429 436 405
185 447 399 469 422 425 548 525 511 489 490 456
240 525 465 550 492 501 648 622 593 568 566 528
300 594 515 624 547 567 748 719 668 640 616 578
400 687 575 723 618 657 885 851 737 707 674 632
500 763 622 805 673 731 1035 997 810 77 721 676
630 843 669 891 728 809 1218 1174 893 856 771 723
800 919 710 976 aas 886 1441 1390 943 905 824 772
1000 975 737 1041 808 945 1685 1627 1008 967 872 816




VOLTAGE DROP (perampereermetre):

TABLE 4D3B

Conductor operating temperature: 1@

Conductor Reference Methods C & F
Cross 2cables, (clippeddirect,ontray or freeair)
se;::ieogal DC 2 cables, singphaseAC 3 or4 cables, threphaseAC
touching spaced* trefoil andtouching flat andtouching flat andspaced*
1 2 3 4 5 6 7
(mn?) (mV/A/m) (mV/A/m) (mV/A/m) (mV/A/m) (mV/A/m) (mV/A/m)
r X z r X z r X z r X z r X z
50 0.93 0.93 0.22 0.95 0.92 0.30 0.97 0.80 0.1290 0.82 0.79 0.26 0.84 0.79 0.34 0.86
70 0.63 0.64 0.21 0.68 0.66 0.29 0.72 0.56 0.180 0.58 0.57 0.25 0.62 0.59 0.32 0.68
95 0.46 0.48 0.20 0.52 0.51 0.28 0.58 0.42 0.175 0.45 0.44 0.25 0.50 0.47 0.31 0.57
120 0.36 0.39 0.195 0.43 0.42 0.28 0.50 0.33 0.170 0.37 0.36 0.24 0.43 0.40 0.30 0.50
150 0.29 0.31 0.190 0.37 0.34 0.27 0.44 0.27 0.165 0.32 0.30 0.24 0.38 0.34 0.30 0.45
185 0.23 0.26 0.190 0.32 0.29 0.27 0.39 0.22 0.160 0.27 0.25 0.23 0.34 0.29 0.29 041
240 0.180 0.20 0.180 0.27 0.23 0.26 0.35 0.175 0.160 0.23 0.20 0.23 0.30 0.24 0.28 0.37
300 0.145 0.160 0.180 0.24 0.190 0.26 0.32 0.140 0.155 0.21 0.165 0.22 0.28 0.20 0.28 0.34
400 0.105 0.140 0.175 0.22 0.180 0.24 0.30 0.120 0.130 0.195 0.160 0.21 0.26 0.21 0.25 0.32
500 0.086 0.120 0.170 0.21 0.165 0.23 0.29 0.105 0.145 0.180 0.145 0.20 0.25 0.190 0.24 0.30
630 0.068 0.105 0.165 0.195 0.150 0.22 0.27 0.091 0.145 0.170 0.135 0.195 0.23 0.175 0.22 0.28
800 0.053 0.095 0.160 0.185 0.145 0.21 0.25 0.082 0.140 0.160 0.125 0.180 0.22 0.170 0.195 0.26
1000 0.042 0.091 0.155 0.180 0.140 0.190 0.24 0.079 0.135 0.155 0.125 0.165 0.21 0.165 0.170 0.24
NOTE: * Spacingdargerthanonecablediametemwill resultin alargervoltagedrop.



COPPER

TABLE 4D4A 1 Multicore armoured 70 °C thermoplastic insulated cables
(COPPER CONDUCTORS)

Ambienttemperature30°C
Ground ambient temperatur20 °C

CURRENT-CARRYING CAPACITY (amperes): Conductor operating temperaturéd °C
ReferencéMethodC Reference Metho# Reference Method D
(clipped direct) (in freeair or onaperforateccable (direct in ground or in ductinm
Condugtor tray etc, horizontal or vertical) ground, in or arounduildings)
crosssectional
area ltwo-corecable, | 1 threeor four | 1two-corecable,| 1 threeorfour | 1ltwo-corecable, |\ 1 three or four
singlephaseAC | corecablethree | singlephaseAC | corecablethree | singlephaseAC. [ corecablethree
or DC phaseAC or DC phaseAC or DC phaseAC

1 2 3 4 5 6 7
(mn?) A A A) A (A A)
15 21 18 22 19 22 18
25 28 25 31 26 29 24

38 33 41 35 37 30

6 49 42 53 45 46 38

10 67 58 72 62 60 50

16 89 7 97 83 78 64

25 118 102 128 110 99 82

35 145 125 157 135 119 98

50 175 151 190 163 140 116

70 222 192 241 207 173 143

95 269 231 291 251 204 169

120 310 267 336 290 231 192

150 356 306 386 332 261 217

185 405 348 439 378 292 243

240 476 409 516 445 336 280

300 547 469 592 510 379 316

400 621 540 683 590 - -




TABLE 4D4B

VOLTAGE DROP (peramperepermetre): Conductor operating temperature: 1D
Conductor Two-core Two-core Three- or four-core
Cross cable,DC cable, single cable,three-phase |/AC
sectionalarea phaseAC
1 2 4
3
(mn?) (mV/A/m) (mV/A/m) (mV/A/m)
15 29 29 25
25 18 18 15
11 11 9.5
6 7.3 7.3 6.4
10 4.4 4.4 3.8
16 2.8 2.8 2.4
r X z r X z
25 1.75 1.75 0.170 1.75 1.50 0.145 1.50
35 1.25 1.25 0.165 1.25 1.10 0.145 1.10
50 0.93 0.93 0.165 0.94 0.80 0.140 0.81
70 0.63 0.63 0.160 0.65 0.55 0.140 0.57
95 0.46 0.47 0.155 0.50 041 0.135 0.43
120 0.36 0.38 0.155 0.41 0.33 0.135 0.35
150 0:29 0.30 0.155 0.34 0.26 0.130 0.29
185 0.23 0.25 0.150 0.29 0.21 0.130 0.25
240 0.180 0.190 0.150 0.24 0.165 0.130 0.21
300 0.145 0.155 0.145 0.21 0.135 0.130 0.185

400 0.105 0.115 0.145 0.185 0.100 0.125 0.160




CURRENT-CARRYING CAPACITY (amperesandVOLTAGE DROP(perampereper metre):

TABLE 4D5171 70 °C thermoplastic

insulated and sheathed flat cable

with protective conductor
(COPPER CONDUCTORS)

COPPER

Ambient temperature: 3@

Conductor operating temperature: 10

Method Method Method Method Referencéethod Referencéethod Voltagedrop
Conductor 100# 101# _ 102#_ . 103# _ C* . A* N (per ampere
cross @bove a plasterboard @bove a plasterboard | (in .astudv.vall w!th thermal (|.n astuFiwaII Wlth thermal (clippeddirect) (enclgsedn conduitin | per metre)
sectional ceilingcoveredoy thermal | ceilingcoveredy thermal insulation with cable insulation with cabl@ot an insulated wall)
area insulationnot exceeding insulationexceeding touchingthe inner wall touchingthe inner wall
100 mm 100 mm surface) surface)
in thickness) in thickness)
1 2 3 4 5 6 7 8
(mn) Q) A Q) @ A) Q) (mVIA/m)
1 13 10.5 13 8 16 115 44
15 16 13 16 10 20 145 29
2.5 21 17 21 13.5 27 20 18
27 22 27 18.5 37 26 11
6 34 27 35 23.5 47 32 7.3
10 45 36 47 32 64 44 4.4
16 57 46 63 425 85 57 2.8

A*  For full installation method refer tbable 4A2 Installation Method 2 but for-flat twin and earth cable
C*  Forfull installationmethodreferto Table4A2 InstallationMethod20 butfor flat twin andearthcable
100# For full installation method refer to Table 4A2 Installation Method 100
101# Forfull installationmethodreferto Table4A2 InstallationMethod101
102# Forfull installationmethodreferto Table4A2 InstallationMethod 102
103# Forfull installationmethodreferto Table4A2 InstallationMethod103

Wherevelpracticablea cablés to befixed in aposition suctthat itwill not becovered withthermalinsulation.







CURRENT-CARRYING CAPACITY (amperes):

TABLE 4E1A T Single -core 90 °C thermosetting
with or without sheath
(COPPER CONDUCTORS)

insulated cables, non-armoured,

Ambient temperature: 3@C
Conductor operating temperature: @

Reference Method A
(enclosedn conduitin
thermally insulating

ReferencéMethodB
(enclosed in conduit
on awall orin

ReferencéMethodC
(clipped direct)

Reference Metho#
(in freeair or on aperforateccabletray
etc horizontal or vertical etc)

Referencé/ethodG
(in free air)
Spaced

v

Conductor wall etc.) trunking etc.) Touching by one cableliameter
Cross 2 cables, 3or4 2 cables,| 3or4 2 cables, 3or4 2 cables, | 3 cables, 3 cables, 2 cablessinglephaseAC or
sectional single cables, single cables, | singlephase| cables, single three threephase| DC or.3 cables threphase
area phaséAC | threephase| phaseAC | three | ACorDC | threephase| phaseAC | phaseAC | AC trefoil AC flat
or DC AC or DC phase flat and ACflatand | or DCflat flat Horizontal Vertical
AC touching touching
or trefoil N
1 2 3 4 5 6 7 8 9 10 11 12 1
(mn?) Q) A A A A Q) Q) (A) Q) (A) A
1 14 13 17 15 19 175 - - - - -
15 19 17 23 20 25 23 - - - - -
25 26 23 31 28 34 31 - - - - -
35 31 42 37 46 41 - - - - - 5
6 45 40 54 48 59 54 2 - - - -
10 61 54 75 66 81 74 - - - - -
16 81 73 100 88 109 99 - - - - -
25 106 95 133 117 143 130 161 141 135 182 161 3
35 131 117 164 144 176 161 200 176 169 226 201
50 158 141 198 175 228 209 242 216 207 275 246
70 200 179 253 222 293 268 310 279 268 353 318
95 241 216 306 269 355 326 377 342 328 430 389
120 278 249 354 312 413 379 437 400 383 500 454
150 318 285 393 342 476 436 504 464 444 577 527
185 362 324 449 384 545 500 575 533 510 661 605
240 424 380 528 450 644 590 679 634 607 781 719
300 486 435 603 514 743 681 783 736 703 902 833
400 - - 683 584 868 793 940 868 823 1085 1008
500 - - 783 666 990 904 1083 998 946 1253 1169
630 - = 900 764 1130 1033 1254 1151 1088 1454 60269
800 - - - - 1288 1179 1358 1275 1214 1581 1485
1000 - - - - 1443 1323 1520 1436 1349 1775 1671

OTES:

Where it is intended to connect the cables in
thistableto equipmenbr accessoriedesigned

to operate at a temperature lower than the
maximum operating temperature of the cable,
the cables should be rated at the maximum
operating temperature of the equipment or
accessory (se®ection512.1.5).

. Where it is intended to group a cable in this

table with other cables, the cable should be
rated at the lowest of the maximum operating
temperatures of any of the cables in the groug
(seeSection512.1.5).

. For cables having flexible conductors see

section 2.4 of this appendix for adjustment
factors for currentarrying capacity and
voltage drop.



VOLTAGE DROP (peramperepermetre):

TABLE 4E1B

Conductoroperating temperatur€0°C

Con 2 cables, singlphaseAC 3 or 4 cables, threghaseAC
ductor Reference Referencé/lethods
CroSS 2 Method<A & B References A&B Reference
see cables, (enclosed in ) Methods(:, Fé& G ) (enclosed in ) M_ethodsC, F&G . .
tional DC conduit ortrunking) (clipped direct, ontray or in freeair) conduitortrunking) (clipped-direct, on tray or in fregr)
area Cablestouching Cablesspaced* Cables touchingfrefoil | Cablegouching,Flat Cablesspaced*Flat
1 2 3 4 5 6 7 8 9
(mn?) (mV/ (mV/A/m) (mV/A/m) (mV/A/m) (mV/A/m) (mV/Alm) (mV/A/m) (mV/A/m)
A/m)
1 46 46 46 46 40 40 40 40
15 31 31 31 31 27 27 27 27
25 19 19 19 19 16 16 16 16
4 12 12 12 12 10 10 10 10
6 7.9 7.9 7.9 7.9 6.8 6.8 6.8 6.8
10 4.7 4.7 4.7 4.7 4.0 4.0 4.0 4.0
16 29 29 29 29 25 25 25 25
r X z r X z r X z r X z r X z r X z r X z
25 185 | 18 031 190 | 185 0.190 185 | 1.85 0.28 185 | 160 0.27 165 | 160 0.165 160 | 1.60 0.190 1.60 | 1.60 0.27 1.65
35 135 | 135 029 135)| 135 0180 135 | 1.35 0.27 135 | 115 025 115 | 1.15 0.155 1.15 | 115 0.180 115 | 1.15 0.26 1.20
50 099 | 100 029 105 | 099 0.180 1.00 | 0.99 0.27 1.00 | 087 025 090 | 086 0.155 087 | 086 0.180 0.87 | 0.86 0.26 0.89
70 068 | 070 028 075 | 0.68 0.175 0.71 | 0.68 0.26 073 | 060 024 065 | 059 0.150 0.61 | 059 0.175 062 [ 059 0.25 0.65
95 049 | 051 027 058 | 049 0.170 0.52 | 049 0.26 056 | 044 023 050 | 043 0.145 045 | 043 0.170 046 | 043 025 049
120 039 | 041 026 048 | 039 0.165 <0.43.| 0.39 0.25 047 | 035 023 042 | 034 0.140 037 | 034 0.165 038 | 034 024 042
150 032 | 0.33 026 043 | 032 0.165" 0.36 | 0.32 0.25 041 | 029 023 037 | 028 0.140 031 | 028 0.165 032 | 028 0.24 037
185 025 | 027 026 037 | 026 0.165° 030 | 0.25 0.25 036 | 023 023 032 | 022 0140 0.26 | 022 0.165 028 | 022 0.24 0.33
240 0.190 | 0.21 026 0.33 | 0200 0.160 ~0.25 | 0.195 0.25 031 [0.185 0.22 029 |0.170 0.140 0.22 |0.170 0.165 0.24 |0.170 0.24 0.29
300 0.155 | 0.175 0.25 0.31 | 0:160. 0.160 0.22 | 0.155 0.25 029 [0.150 0.22 0.27 |0.140 0.140 0.195|0.135 0.160 0.21 |0.135 0.24 0.27
400 0.120 | 0.140 0.25 0.29 | 0.130 0.155 0.20 [ 0.125 0.24 0.27 | 0125 022 025 |0.110 0.135 0.175|0.110 0.160 0.195| 0.110 0.24 0.26
500 0.093 | 0.120 0.25.0.28:| 0.105 0.155 0.185| 0.098 0.24 0.26 | 0.100 0.22 0.24 | 0.090 0.135 0.160| 0.088 0.160 0.180| 0.085 0.24 0.25
630 0.072 | 0.100 0.25 0.27/| 0.086 0.155 0.175| 0.078 0.24 0.25 | 0.088 0.21 0.23 | 0.074 0.135 0.150( 0.071 0.160 0.170| 0.068 0.23 0.24
800 0.056 - 0.072 0.150 0.170| 0.064 0.24 0.25 - 0.062 0.130 0.145| 0.059 0.155 0.165| 0.055 0.23 0.24
1000 | 0.045 - 0.063 0.150 0.165| 0.054 0.24 0.24 - 0.055 0.130 0.140| 0.050 0.155 0.165| 0.047 0.23 0.24
NOTE: * Spacingdargerthanonecablediameter willresultin alargervoltagedrop.



TABLE 4E2A T Multicore 90 °C thermosetting

(COPPER CONDUCTORS)

CURRENT-CARRYING CAPACITY (amperes):

insulated and thermoplastic sheathed cables,
non -armoured

Ambient temperature: 3@
Conductor operating temperature: @D

Conductor

Reference Method A
(enclosed in conduit in
thermally insulatingvall

Reference Method B
(enclosedn conduitona
wall or in trunking etc.)

ReferencévlethodC
(clipped direct)

Reference Method E

(free air or on a perforated

cable tray etc, horizontak

etc.) vertical)
sZ::ct)izi al 1 two-core | 1threeor 1 two-core | 1threeor 1 two-core | 1threeor 1 two-core | 1threeor
area cable*, four-core cable*, four-core cable*, four-core cable*, four-core
singlephase cable*, singlephase cable*, singlephase cable*, singlephase cable*,
AC or DC | threephase| ACorDC | threephase| ACorDC | threephase| AC orDC | threephase
AC AC AC AC
1 2 3 4 5 6 7 8 9
(mn) Q) A Q) A) @ A) A A)

1 14.5 13 17 15 19 17 21 18
15 18.5 16.5 22 195 24 22 26 23
2.5 25 22 30 26 33 30 36 32

4 33 30 40 35 45 40 49 42

6 42 38 51 44 58 52 63 54
10 57 51 69 60 80 71 86 75
16 76 68 91 80 107 96 115 100
25 99 89 119 105 138 119 149 127
35 121 109 146 128 171 147 185 158
50 145 130 175 154 209 179 225 192
70 183 164 221 194 269 229 289 246
95 220 197 265 233 328 278 352 298
120 253 227 305 268 382 322 410 346
150 290 259 334 300 441 371 473 399
185 329 295 384 340 506 424 542 456
240 386 346 459 398 599 500 641 538
300 442 396 532 455 693 576 741 621
400 - - 625 536 803 667 865 741

* with or without a protectiveonductor

COPPER

NOTES:

1.

Where it is intended to connect the cables in
this table to equipment or accessories designed |
to operate at a temperature lower than the
maximumoperatingtemperaturef the cable the
cablesshouldberatedatthemaximumoperating
temperature of the equipment or accessory (see
Section512.1.5).

. Whereit is intendedo groupacablein thistable

with othercablesthecableshouldberatedatthe
lowest of the maximum operating temperatures
of any of the cablesin the group (see Section
512.1.5).

. For cablesavingflexible conductorseesection

2.4 of this appendix for adjustment factors for
currentcarrying capacity and voltage drop.



TABLE 4E2B

VOLTAGE DROP (perampereermetre): Conductor operating temperature: @
Conductorcross |  Two-core Two-corecable singlephaseAC Three or four-core cablethreephaseAC
sectional cable,DC
area
1 2 3 4
(mn?) (mV/A/m) (mV/A/m) (m\V/A/m)
1 46 46 40
15 31 31 27
25 19 19 16
4 12 12 10
6 7.9 7.9 6.8
10 4.7 4.7 4.0
16 29 2.9 25
r X z r X z
25 1.85 1.85 0.160 1.90 1.60 0.140 1.65
35 1.35 1.35 0.155 1.35 1.15 0.135 1.15
50 0.98 0.99 0.155 1.00 0.86 0.135 0.87
70 0.67 0.67 0.150 0.69 0.59 0.130 0.60
95 0.49 0.50 0.150 0.52 0.43 0.130 0.45
120 0.39 0.40 0.145 0.42 0.34 0.130 0.37
150 0.31 0.32 0.145 0.35 0.28 0.125 0.30
185 0.25 0.26 0.145 0.29 0.22 0.125 0.26
240 0.195 0.200 0.140 0.24 0.175 0.125 0.21
300 0.155 0.160 0.140 0.21 0.140 0.120 0.185

400 0.120 0.130 0.140 0.190 0.115 0.120 0.165




TABLE 4E3AT Single -core armoured 90 °C thermosetting
(non -magnetic armour)
(COPPER CONDUCTORS)

CURRENT-CARRYING CAPACITY (amperes):

insulated cables

Ambient temperature: 3T
Conductor operating temperature: @

Reference Metho@
(clippeddirect)

Reference MethoB
(in freeair or on aperforateccabletray, horizontalor vertical)

Conductor Touching Touching Spaced by one cabtkameter
cross 2cables,| 3 or 4 | 2cables, | 3cables,| 3cables, 2 cablespC 2cablessinglephase | '3or4cablesthree
sectional | single | cables, | single three three AC phaseAC
area phase | three phaseAC | phase | phase | Horizontal | Vertical | Horizontal | Vertical |“Horizontal | Vertical
AC or phase or DC AC flat AC
DC flat | ACflat flat trefoil
1 2 3 4 5 6 7 8 9 10 11 12
(mn7) QY QY GV GV A A QY Y QY A QY
50 237 220 253 232 222 284 270 282 266 288 266
70 303 277 322 293 285 356 349 357 337 358 331
95 367 333 389 352 346 446 426 436 412 425 393
120 425 383 449 405 402 519 497 504 477 485 449
150 488 437 516 462 463 600 575 566 539 549 510
185 557 496 587 524 529 638 660 643 614 618 574
240 656 579 689 612 625 815 782 749 714 715 666
300 755 662 792 700 720 943 906 842 805 810 755
400 853 717 899 767 815 1137 1094 929 889 848 797
500 962 791 1016 851 918 1314 1266 1032 989 923 871
630 1082 861 1146 935 1027 1528 1474 1139 1092 992 940
800 1170 904 1246 987 1119 1809 1744 1204 1155 1042 978
1000 1261 961 1345 1055 1214 2100 2026 1289 1238 1110 1041

COPPER

NOTES: |

1. Where it is intended to connect the cables tn
this tableto equipmenor accessoriedesigned |
to operate at a temperature lower than the
maximum operating temperature of the cablla,
the cables should be rated at the maximum
operating temperature of the equipment or
accessory (seBection512.1.5).

2. Where it is intended to group a cable in this
table with other cables, the cable should be
rated at the lowest of the maximum operating
temperatures of any of the cables in the group
(seeSection512.1.5).



VOLTAGE DROP (peramperepermetre):

TABLE 4E3B

Conductor operating temperature; @

Conductor ReferencéMethodsC & F
Cross 2cables, (clipped direct, on tray or in fregr)
sectional DC 2 cables, singphaseAC 3 or.4 cables, threphaseAC
area
touching spaced* trefoil andtouching flat andtouching flat andspaced*
1 2 3 4 5 6 7
(mn?) (mV/ (mV/A/m) (mV/A/m) (mV/A/m) (mV/A/m) (mV/A/m)
A/m)
r X z r X z r X z r X z r X z
50 0.98 0.99 0.21 1.00 0.98 0.29 1.00 0.86 0180 0.87 0.84 0.25 0.88 0.84 0.33 0.90
70 0.67 0.68 0.200 0.71 0.69 0.29 0.75 0.59 0.170 0.62 0.60 0.25 0.65 0.62 0.32 0.70
95 0.49 0.51 0.195 0.55 0.53 0.28 0.60 0.44 0.170 0.47 0.46 0.24 0.52 0.49 0.31 0.58
120 0.39 0.41 0.190 0.45 0.43 0.27 0.51 0.35 0.165 0.39 0.38 0.24 0.44 0.41 0.30 0.51
150 0.31 0.33 0.185 0.38 0.36 0.27 0.45 0.29 0.160 0.33 0.31 0.23 0.39 0.34 0.29 0.45
185 0.25 0.27 0.185 0.33 0.30 0.26 0.40 0.23 0.160 0.28 0.26 0.23 0.34 0.29 0.29 041
240 0.195 0.21 0.180 0.28 0.24 0.26 0:35 0.180 0.155 0.24 0.21 0.22 0.30 0.24 0.28 0.37
300 0.155 0.170 0.175 0.25 0.195 0.25 0.32 0.145 0.150 0.21 0.170 0.22 0.28 0.20 0.27 0.34
400 0.115 0.145 0.170 0.22 0.180 0.24 0.30 0.125 0.150 0.195 0.160 0.21 0.27 0.20 0.27 0.33
500 0.093 0.125 0.170 0.21 0.165 0.24 0.29 0.105 0.145 0.180 0.145 0.20 0.25 0.190 0.24 0.31
630 0.073 0.105 0.165 0.195 0450 0.23 0.27 0.092 0.145 0.170 0.135 0.195 0.24 0.175 0.23 0.29
800 0.056 0.090 0.160 0.190 0.145 0.23 0.27 0.086 0.140 0.165 0.130 0.180 0.23 0.175 0.195 0.26
1000 0.045 0.092 0.155 0.180 0.140 0.21 0.25 0.080 0.135 0.155 0.125 0.170 0.21 0.165 0.180 0.24
NOTE: * Spacingdargerthanonecablediametemwill resultin alargervoltagedrop.



TABLE 4E4A T Multicore armoured 90 °C thermosetting
(COPPER CONDUCTORS)

CURRENT-CARRYING CAPACITY (amperes):

insulated cables

Air ambientemperature:30°C
Ground ambient temperature20 °C
Conductor operating temperature0 °C

ReferencdvlethodC Reference Metho#& Reference Metho®
(clipped direct) (in freeair or onaperforateccable (directin groundorin ductingin
Condugtor tray etc, horizontal or vertical) ground, in or around buildings)
crosssectional
area ltwo-corecable, | 1three orlfour- | 1two-corecable, | 1three orlfour- | 1two-corecable, | 1three or1four-
singlephase core cable, singlephase core cable, singlephase corercable,
AC or DC threephaseAC AC or DC threephaseAC AC or DC threephaseAC
1 2 3 4 5 6 7
(mn?) Q) Q) A) A) ) )
15 27 23 29 25 25 21
25 36 31 39 33 33 28
4 49 42 52 44 43 36
6 62 53 66 56 53 44
10 85 73 90 78 71 58
16 110 94 115 99 91 75
25 146 124 152 131 116 96
35 180 154 188 162 139 115
50 219 187 228 197 164 135
70 279 238 291 251 203 167
95 338 289 354 304 239 197
120 392 335 410 353 271 223
150 451 386 472 406 306 251
185 515 441 539 463 343 281
240 607 520 636 546 395 324
300 698 599 732 628 446 365
400 787 673 847 728 - -

NOTES:

1. Where it is intended to connect the cables in this
table to equipment or accessories designed to
operateat a temperaturéower thanthe maximum
operating temperature of the cable, the cables
should be rated at the maximum operating
temperature of the equipment or accessory (see
Section512.1.5).

2. Where it is intended to group a cable in this table
with other cables, the cable should be rated at the
lowest of the maximum operating temperatures
of any of the cables in the group (sBection
512.1.5).



TABLE 4E4B

VOLTAGE DROP (perampereermetre): Conductor operating temperature; ¥
Conductor | Two-core Two-corecable, Three orfour-corecable,
Cross cable,DC singlephaseAC threephaseAC
sectional
area
1 2 3 4
(mn¥) (mV/A/m) (mV/A/m) (mVIA/m)
15 31 31 27
25 19 19 16
12 12 10
6 7.9 7.9 6.8
10 4.7 4.7 4.0
16 2.9 2.9 25
r X z r X z
25 1.85 1.85 0.160 1.90 1.60 0.140 1.65
35 135 1.35 0.155 1.35 1.15 0.135 1.15
50 0.98 0.99 0.155 1.00 0.86 0.135 0.87
70 0.67 0.67 0.150 0.69 0.59 0.130 0.60
95 0.49 0.50 0.150 0.52 0.43 0.130 0.45
120 0.39 0.40 0.145 0.42 0.34 0.130 0.37
150 0.31 0.32 0.145 0.35 0.28 0.125 0.30
185 0.25 0.26 0.145 0.29 0.22 0.125 0.26
240 0.195 0.20 0.140 0.24 0.175 0.125 0.21
300 0.155 0.16 0.140 0.21 0.140 0.120 0.185

400 0.120 0.13 0.140 0.190 0.115 0.120 0.165




CURRENT-CARRYING CAPACITY (amperes):

TABLE 4F1A T 60 °C thermosetting

(COPPER CONDUCTORS)

non -armoured

Ambienttemperature: 30C

Conductor operating temperature: €D

Singlephase Threephase Singlephase
AC orDC AC AC orDC
Conductorcross -
sectional area 1 tyvocorg cable, 1threecqre,f0ur— 23|nglecor§cables,
with or without core or fivecore touching
protectiveconductor cable

1 2 3 4
(mn?) A A A

4 30 26 -

6 39 34 -

10 51 a7 -

16 73 63 -

25 97 83 -
35 - 102 140
50 - 124 175
70 - 158 216
95 - 192 258
120 - 222 302
150 - 255 347
185 - 291 394
240 - 343 471
300 - 394 541
400 - - 644
500 - - 738
630 - - 861

insulated flexible cables with sheath,

COPPER

NOTES:

1.

The current ratings.tabulatedare for cablesin free air but may also be used

for cablesresting on a'surface.If the cableis to be wound on a drum on load

the ratings should:be reduced in accordance with NOTE 2 below and for cables
which may be covered, NOTE 3 below.

Flexiblecableswoundonreelingdrums

The current ratings of cables used on reeling drums are to be reduced by the
following factors:

a) Radial typedrum b) Ventilatedcylindrical typedrum

ventilated: 85% 1 layer ofcable:  85%
unventilated: 75% 2 layersof cable: 65%
3layersof cable: 45%
4 layersof cable: 35%

A radial typedrum isone wherespiral layerof cableareaccommodated
between closely spacedflanges; if fitted with solid flanges the ratings given
above should be reducedand the drum is describedas nonventilated. If the
flanges have suitable apertures the drum is described as ventilated.

A ventilated cylindrical cable drum is one where layers of cable are
accommodatedetweenwidely spacedflanges and the drum and end flanges
have suitable ventilating apertures.

Where cable may be covered over or coiled up whilst on load, or the air
movement over the cable restricted, the current rating should be reduced.

It is not possibleto specify the amount of reduction but the table of rating
factors for reeling drums can be used as a guide.



TABLE 4F1B

VOLTAGE DROP (peramperepermetre): Conductor eperating temperature: €D
Conductor 2 singlecore cablestouching
cross Two-core Two-corecable singlephaseAC . 1 threecore,four-coreor .
sectional cable,DC five-corecable threephaseAC DC SinglephaseAC*

area

1 2 3 4 5 6

(mn¥) (mV/A/m) (mV/A/m) (mV/A/m) (mV/A/m) (mV/A/m)

4 12 12 10 - -

6 7.8 7.8 6.7 - -

10 4.6 4.6 4.0 - -

16 29 2.9 25 - -

r X z r X z r X z

25 1.80 1.80 0.175 1.85 1.55 0.150 1.55 - - - -
35 - - - - 1.10 0.150 1.15 1.31 1.31 0.21 1.32
50 - - - - 0.83 0.145 0.84 0.91 0.91 0.21 0.93
70 - - - - 0.57 0.140 0.58 0.64 0.64 0.20 0.67
95 - - - - 0.42 0.135 0.44 0.49 0.49 0.195 0.53
120 - - - - 0.33 0.135 0.36 0.38 0.38 0.190 0.43
150 - - - - 0.27 0.130 0.30 0.31 0.31 0.190 0.36
185 - - - - 0.22 0.130 0.26 0.25 0.25 0.190 0.32
240 - - - - 0.170 0.130 0.21 0.190 0.195 0.185 0.27
300 - - - - 0.135 0.125 0.185 0.150 0.155 0.180 0.24
400 - - - - - - - 0.115 0.120 0.175 0.21
500 - - - - - - - 0.090 0.099 0.170 0.20
630 - - - - - - - 0.068 0.079 0.170 0.185

NOTE: * A largervoltagedrop-will resultif the cablesarespaced.



TABLE 4F2A 1 90 °C and 180 °C thermosetting insulated flexible cables with sheath,
non -armoured

(COPPER CONDUCTORS) COPPER

CURRENT-CARRYING CAPACITY (amperes): Ambienttemperature: 36C
Conductor operating temperature: @ NOTES:

Conductorross Singlephase Threephase Singlephase 1. The current rgtingstabulatedare for cable:_;in free air but may also be use
sectional area AC or DC AC AC or DC for cab]esrestmg ona surface.lf the cableis to pe wound on a drum on load
- the ratings should be reducedin accordancewith NOTE 2 below and for
1 two-core cable, 1 threecore, 2singlecorecables, .
. . ) . cables which may be covered, NOTE 3 below.
with or without four-coreor five- touching
protectiveconductor corecable 2. Flexiblecableswoundonreelingdrums
1 2 3 4 The current ratings of cables used on reeling drums are to be reduced by the
(mn?) A A ) following f{;\ctors: . o
4 42 37 i a) Rad!al type drum b) Ventilated cylindrical type drum
ventilated: 85 % 1 layer of cable: 85 %
6 55 49 - unventilated: 75% 2layersof cable:  65%
10 76 66 - 3layersof cable:  45%
16 103 89 - 4 layersof cable:  35%
A radial type drum is one where spiral layers of cable are accommodated
25 136 119 i between closely spaced flanges; if fitted yvith solid flanges .the ratings given
above should be reduced and the drum is described asentfated. If the
35 . 146 200 flangeshavesuitableapertureshedrumis describedsventilated.
>0 i} 177 250 A ventilated cylindrical cable drum is one where layers of cable are
70 - 225 310 accommodated between widely spaced flanges and the drum and end
95 - 273 369 flangeshavesuitableventilatingapertures.
3. Where cable may be covered over or coiled up whilst on load, or the air
movement over the cable restricted, the current rating should be reduced.
120 i 316 432 It is not possibleto specify the amountof reduction but the table of rating
150 - 363 497 factors for reeling drums can be used as a guide.
185 - 414 564 4,  For 180 °C cables, the rating factors for ambient temperatureallow a
240 - 487 673 conductor operating temperature up to 150 °C. Consult the cable manufacturer
300 _ 560 773 for further information.
5. Whereit is intendedto connecthe cablesn this tableto equipmenbr accessories
designedo operateat a temperaturéower thanthe maximumoperatingtemperature
400 . p 924 of thecable thecablesshouldberatedatthemaximumoperatingemperaturef the
500 - - 1062 equipmenbr accessoryseeSection512.1.5).
630 ; N 1242 6. Where it is intendedto group a cable in this table with other cables, the
cable should be rated at the lowest of the maximum operatingtemperatures
RATING FACTORFORAMBIENT TEMPERATURE of any of the cables in the group ($&ection 512.1.5).
90 °C thermosetting insulatedbles:
Ambienttemperature 35°C4_40°C  45°C  50°C 55°C 60°C  65°C  70°C  75°C 80°C  85°C
Ratingfactor 095 091 0.86 082 076 0.70 0.64 0.57 050 040 0.28

180 °C thermosetting insulatedbles:

Ambienttemperature 35t090°C 95°C 100°C 105°C 110°C 115°C 120°C 125°C 130°C 135°C 140°C 145°C
Ratingfactor 1.0 0.96 0.91 0.86 0.81 0.76 0.70 0.64 0.57 0.50 0.40 0.28



TABLE 4F2B

VOLTAGE DROP (peramperepermetre): Conductoroperating. temperature: 9C
2 single-corecablegouching
Conductor 1 two-core 1threecore four-coreor
Ccross or2singlecore Two-corecable, five-core cable, : "
sectionakrea cables, DC singlephasenC threephaseAC SinglephaseAC
1 2 3 4 5
(mn?) (mV/A/m) (mV/A/m) (mV/A/m) (mV/A/m)
4 13.2 13.2 111 -
6 8.5 8.5 7.4 )
10 5.1 5.1 4.4 ]
16 32 3.2 2.7
r X z r X z r X z
25 2.03 2.03 0.175 2.04 1.73 0.15 1.73 - - -
35 1.42 - - - 1.22 0.15 1.23 1.44 0.21 1.46
50 1.00 - - - 0.91 0.145 0.93 1.00 0.21 1.02
70 0.71 - - < 0.62 0.14 0.64 0.71 0.20 0.73
95 0.54 - - - 0.47 0.135 0.49 0.54 0.195 0.57
120 0.42 - - - 0.37 0.135 0.39 0.42 0.190 0.46
150 0.34 - - - 0.29 0.130 0.32 0.34 0.190 0.39
185 0.27 - - - 0.24 0.130 0.27 0.27 0.190 0.33
240 0.21 - - - 0.188 0.130 0.23 0.21 0.185 0.28
300 0.167 - - - 0.147 0.125 0.195 0.173 0.180 0.25
400 0.127 - - - - - - 0.132 0.175 0.22
500 0.100 - - - - - - 0.107 0.170 0.20
630 0.074 - - - - - - 0.085 0.170 0.190
NOTES:
1. Thevaeltagedropfiguresgivenabovearebasedn a conductoroperatingtemperaturef 90 °C andarethereforenotaccuratevhentheoperating

temperature is in excess of 90 °C. In the case of the 180 °C cables with a conductor temperature of 150 °C the aleovaluesistiould be
increased by a factor of 1.2.
2. *A largervoltagedropwill resultif the cablesarespaced.



TABLE 4F3A - Flexible cables,
non -armoured
(COPPER CONDUCTORS)

CURRENT-CARRYING CAPACITY (amperes)andMASS SUPPORTABLE(kg):

Currentcarryingcapacity Maximum:mass
Conductorross P, ol
ional SinglephaseAC ThreephaseAC :
sectional area gep P Regulation$22.7.2
and559.5.2)
1 2 3 4
(mn?) A) @ (kg)
0.5 3 3 2
0.75 6 6 3
1 10 10 5
1.25 13 - 5
15 16 16 5
25 25 20 5
4 32 25 5
Wherecableis on areelseethe notesto Table4F1A.
RATING FACTORFORAMBIENT TEMPERATURE
60 °§ thermoplastic or thermosetting insulatable: 110°C flexible cable:
Ambienttemperature - 35°C  40°C  45°C  QUTSNQ 55°C Ambienttemperature  35t080°C  85°C  90°C  95°C  100°C  105°C
Ratingfactor 0.91 082 071 Q%8 0.41 Ratingfactor 10 096 085 074 060 042
90 °(? thermoplastic or thermosetting insulatatle: 150°C flexible cable:
Ambienttemperature - 35t0 50°C 55°C 1 60°C 7 65°C  70°C Ambienttemperature  35to 120°C ~ 125°C  130°C  135°C  140°C  145°C
Ratingtactor 1.0 OIQ NIF 067 0471 Ratingfactor 10 096 085 074 060 042
Glasdfibre flexible cable
Ambienttemperature 35 to 50°C 155°C 160°C 165°C 170°C 175°C
Ratingfactor 1.0 0.92 0.82 0.71 0.57 0.40



TABLE 4F3B

VOLTAGE DROP (peramperepermetre):

Conductoroperating
temperature: 60C

Conductor
crosssectional DCorsinglephaseAC ThreephaseAC
area
1 2 3
(mn) (mV/A/m) (mV/A/m)
0.5 93 80
0.75 62 54
1 46 40
1.25 37 -
15 32 27
25 19 16
4 12 10

NOTE: * The tabulated'values above are for 60 °C thermoplastic or thermosetting
insulatedlexible cablesandfor othertypesof flexible cabletheyareto be
multiplied by:the following factors:

For 90 °C.thermoplastic or thermosettimgulated

110°C
150°C
185°C glassfibre

1.09
117
131
1.43



COPPER

TABLE 4G1A i Mineral insulated cables
thermoplastic covered or bare and exposed to touch
(COPPER CONDUCTORS AND SHEATH)

Ambienttemperature30°C
Sheath operating temperature:°Td

CURRENT-CARRYING CAPACITY (amperes):

Reference Metho& ReferencéviethodsE, F andG
(clippeddirect) (in free air or on a perforated cable tray etc, horizontskdical)
Singlephase ThreephaseAC Singlephase ThreephaseAC
Conductor AC or DC AC or DC
crosssectional 2 single 3 singlecore | 3 singlecore | 2 singlecore 3 single 3 singlecore | “3ssinglecorecabledlat and
area core cables cablesn trefoil cables flat | cablegouching | core cables| cableslatand| spaced by one cabtitameter
touching or 1 | or 1 threecore | andtouching,| or 1 twocore | in trefoil or touching
two-corecable | or four-core horizontal or cable 1lthreecore ) .
cable vertical orfour-core vertical horizontal
cable
1 2 3 4 5 6 7 8 9
(mnv) Q) A) ") Q) A) Q) A Q)
Light duty
500V
1 185 15 17 195 16.5 18 20 23
15 23 19 21 25 21 23 26 29
25 31 26 29 33 28 31 34 39
4 40 35 38 44 37 41 45 51
Heavyduty
750V
1 195 16 18 21 175 20 22 25
15 25 21 23 26 22 26 28 32
25 34 28 31 36 30 34 37 43
45 37 41 47 40 45 49 56
6 57 48 52 60 51 57 62 71
10 77 65 70 82 69 77 84 95
16 102 86 92 109 92 102 110 125
25 133 112 120 142 120 132 142 162
35 163 137 147 174 147 161 173 197
50 202 169 181 215 182 198 213 242
70 247 207 221 264 223 241 259 294
95 296 249 264 317 267 289 309 351
120 340 286 303 364 308 331 353 402
150 388 327 346 416 352 377 400 454
185 440 371 392 472 399 426 446 507
240 514 434 457 552 466 496 497 565
NOTES:

1. Forsinglecore cableshe sheathsf the circuit areassumed tbe connected togethat bothends.
2. Forbarecablesexposedo touch thetabulatedvaluesshouldbe multiplied by 0.9.

169































































































































































