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Earthing Principles

WhenconsideringaUPSinstallation,it is importantto take into accountthepowersystemandtheearthing
requirements.For safetyreasonsproperUPSearthingis a mustin caseof a shortcircuit ensuringthata
loop circuit is establishedfor thefault currentto returnto its origin andtherebytrip theactualprotective
device to clearthe fault.

Thefollowing is basedon thestandardsgivenin IEC 60364andrelatesto theinstallationandearthing
principlesof theUPSsystemsfrom APC by SchneiderElectric.

Accordingto thestandardsgivenin IEC 60364all power systemsaredividedinto five earthingtypes:
TN-S, TN-C-S,TN-C, TT, IT.

Note: TheUPSinstallationmustalwayscomplywith local andnationalregulations,and
somecountrieshaveexceptionsto theIEC 60364standard.As anexamplein Francethereis
a requirementthattheNeutralis alwaysdisconnectedasa consequenceto thenegative vote
of theFranceNationalCommitteehascastin view of theprovisionmadein EN60364–4–46,
Clause461.2for TN-S systemswhich conflictswith its nationallegislation.

Decoding the Earthing Types
T Connecteddirectly to mainearthat a certainpoint in thepower system,normallyat

thesupplyingtransformer.
First letter

I Thepower systemis insulatedfrom earthor connectedto earththrougha sufficient
high impedance(I = Isolated)

T Theexposedconductive partsareconnecteddirectly to earthe.g. theUPSchassis
disregardingwhetherthepower systemis earthedor not.

Secondletter

N Theexposedconductive partse.g. theUPSchassisareconnecteddirectly to earthat
themainearthingpoint.

S TheProtective Conductor(PE)andNeutralConductor(N) aretwo differentand
separateconductors(S = Separate).

Additional letters

C TheProtectiveConductor(PE)andNeutralConductor(N) areonecommonconductor
(PEN)(C = Common).
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TN Systems

Characteristics
TN systemshave onepoint connecteddirectly to earth.All exposedconductive partsmustbeconnected
to thatpoint by protective conductors.

Dependingon theway theneutralandprotectiveconductorsarefed, therearethreetypesof TN systems:

• TN-S system:A separateprotective conductoris usedin thesystem

• TN-C-Ssystem:theneutralandprotective conductorsarecombinedto onesingleconductorin a
partof thesystem

• TN-C system:theneutralandprotective conductorsarecombinedto onesingleconductorin the
wholesystem

Reference to IEC/EN 60364-4-41 413.1.3
All exposedconductivepartsof theinstallationmustbeconnectedto theearthedpointof thepowersystem
by protective conductorswhich mustbeearthedat or nearto eachrelevanttransformeror generator.

Exposedconductive partsthatareaccessibleat thesametime mustbeconnectedto thesameearthing
system,eitherindividually, in groupsor collectively.

Normally theearthedpoint of thepower systemis theneutralpoint. If a neutralpoint is not availableor
accessible,a phaseconductormustbeearthed.Thephaseconductormustnot serve asa PENconductor.

In fixedinstallationsa singleconductormayserve bothasa protective conductoranda neutralconductor
(PENconductor).

Reference IEC/EN 60364-5-54, §543.4.3
If, from any point of the installation,theneutralandprotective functionsareprovidedby separate
conductors,it is not permittedto connecttheneutralconductorto any otherearthedpartof theinstallation
(e.g. protective conductorfrom thePENconductor).However, it is permittedto form morethanone
neutralconductor(N) andmorethanoneprotective conductor(PE)from thePENconductor. Separate
terminalsor barsmaybeprovidedfor theprotective andneutralconductors.In this case,thePEN
conductorshallbeconnectedto theterminalor barintendedfor theprotective conductor(PE).

UPS Systems are to be Considered as a Generating Set
IEC/EN60364-5-55Clause551.1.2.

Generatingsetswith thefollowing electricalcharacteristicsareconsidered:

• mainsexcitedandseparatelyexcitedsynchronousgenerators;

• mainsexcitedandself-excitedasynchronousgenerators;

• mains-commutatedandself-commutatedstaticinverterswith or without by-passfacilities.
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Additional Requirements when the Generating set (the
UPS) Provides a Switc hed Alternative to the Public
Suppl y (IEC/EN 60364-5-55 551.4.2)
Protectionby automaticdisconnectionof supplymustnot rely on theconnectionto theearthedpoints
of thepublic supplysystemwhenthegeneratoris operatingasa switchedalternative to a TN system.A
suitableearthelectrodemustbeprovided.

Note: In thediagramsthis earthconnectionis indicatedas“TechnicalEarth” – in IEC terms
referredto asa “FunctionalEarth”,definedin IEC/EN60364–5–54548.1.3.1.

Protective devices in TN systems
Thefollowing protective devicesarerecognizedin TN systems:

• Overcurrentprotective devices

• Residualcurrentprotective devices(not to beusedin TN-C systems)

Whena residualcurrentprotective device is usedin a TN-C-Ssystem,a PENconductormustnot beused
on theloadside.Theconnectionof theprotective conductorto thePENconductormustbemadeon the
sourcesideof theresidualcurrentprotective device (seebelow illustration):
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Dueto therequiredinstallationof thefunctionalearth,upstreamprotectionby ResidualCurrentProtective
Deviceswill not bepossible,asthey will malfunctiondueto theleakagecurrentfrom theUPS.

Thecharacteristicsof protective devicesandthecircuit impedancesshallbesuchthat, if a fault of
negligible impedanceoccursanywherein theinstallationbetweena phaseconductoranda protective
conductoror exposedconductive part,automaticdisconnectionof thesupplywill occurwithin the
specifiedtime (five seconds- valid for distribution circuits,413.1.3.5).Thefollowing conditionfulfilling
this requirement:IEC/EN 60364-4-41,§413.1.3.3

Zs x Ia ≤ U0
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In thecondition:

• Zs is theimpedanceof thefault loop comprisingthesource,thelive conductorup to thepoint of the
fault,andtheprotective conductorbetweenthepoint of thefault andthesource

• Ia is thecurrentcausingtheautomaticoperationof thedisconnectingprotective device within a
conventionaltime not exceedingfive seconds

• U0 is thenominalAC RMS voltageto earth

If a fault occursdirectly on theoutputof theUPSbut beforethepower distribution, while theUPS
systemis in BatteryOperationandBypassis unavailable,theavailablepower is unableto activatethe
protectivedevice. In thissituationtheInverterwill shutdown in fiveseconds.(Demandin IEC 60364-4-41
413.1.3.5).If a residualprotective device is used,this device will of coursedisconnectthesupply.
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Earthing Arrang ements and Protective Conductor s in
TN-S Installation
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Earthing Arrang ements and Protective Conductor s in
TN-C-S Installation
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Earthing Arrang ements and Protective Conductor s in
TN-C Installation
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TT Systems

Note: Dueto thenatureof a TT systemandtheuseof ResidualCurrentProtective Devices,
it is requiredto install anisolationtransformerupstreamto theUPS.

Characteristics
TT systemshave onepoint connecteddirectly to earthandall exposedconductive partsof theinstallation
mustbeconnectedto earthelectrodes.Theseearthelectrodeareindependentof thepower systemearthed
point.

Reference to IEC/EN 60364-4-41 413.1.4
All exposedconductive partsthatareprotectedcollectively by thesameprotective device mustbe
connectedto a commonearthelectrodetogetherwith theprotective conductors.In installationswhere
severalprotectivedevicesareutilized in series,therequirementappliesseparatelyto all exposedconductive
partsprotectedby eachdevice.

Theneutralpoint or, if a neutralpoint doesnot exist, a phaseconductorof eachgeneratorstationor
transformerstationmustbeearthed.

Protective devices in TT systems
Thefollowing protective devicesarerecognizedin TT systems:

• Overcurrentprotective devices
• Residualcurrentprotective devices

Overcurrentprotective devicesareonly applicablefor protectionagainstindirectcontactin TT systems
wherea low RA valueexists(seespecificationbelow).

Thecondition“RA x Ia ≤ 50V” mustbefulfilled. In thecondition:

• RA is thesumof resistanceof theearthelectrodeandtheprotective conductorfor theexposed
conductive parts

• Ia is thecurrentcausingtheautomaticoperationof theprotective device.
Whentheprotective device is a residualcurrentprotective device, Ia is theratedresidualoperating
currentIn

For discriminationpurposes,S-typeresidualcurrentprotective devicesmaybeusedin serieswith general
typeresidualcurrentprotective devices.To provide discriminationwith S-typeresidualcurrentprotective
devices,anoperatingtime not exceeding1 secondis permittedin distribution circuits.

Whentheprotective device is anovercurrentprotective device, it mustbeeither:

• a device with inversetime characteristicsandIamustbethecurrentcausingautomaticoperation
within 5 seconds,or

• a device with aninstantaneoustripping characteristicandIamustbetheminimumcurrentcausing
instantaneoustripping
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Earthing Arrang ements and Protective Conductor s in
TT Installation
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IT Systems

Characteristics
In IT systemstheinstallationis insulatedfrom earthor connectedto earththrougha sufficiently high
impedance.Exposedconductive partsareearthedindividually, in groups,or collectively.

Reference to IEC/EN 60364-4-41 413.1.5
In IT systemstheinstallationmustbeinsulatedfrom earthor connectedto earththroughasufficiently high
impedance.Thisconnectionmustbemadeeitherat theneutralpointof thesystemor atanartificial neutral
point. Thelattermaybeconnecteddirectly to earthif theresultingzero-sequenceimpedanceis sufficiently
high. In installationswhereno neutralpoint exists,a phaseconductorcanbeconnectedto earththrough
animpedance.In caseof a singlefault to anexposedconductive partor to earth,thefault currentwill
be low anddisconnectionwill not be imperative.

Exposedconductive partsmustbeearthedindividually, in groupsor collectively andthecondition“RA x
Id ≤ 50 V” mustbe fulfilled.

In thecondition:

• RA is theresistanceof theearthelectrodefor exposedconductive parts

• Id is thefault currentof thefirst fault of negligible impedancebetweena phaseconductorandan
exposedconductive part. TheId valuetakestheleakagecurrentsandthetotal earthingimpedanceof
theelectricalinstallationinto account

In systemswhereanIT systemis usedfor continuityof supply, aninsulationmonitoringdevice mustbe
providedto indicatetheoccurrenceof a first fault from a live partto theexposedconductive partsor to the
earth.It is recommendedto eliminatea first fault assoonaspossible.

Dependingon whetherall exposedconductive partsareinterconnectedby a protective conductor
(collectively earthed)or areearthedin groupsor individually, aftera first fault, thedisconnection
conditionsof thesupplyfor a secondfault mustbeasfollows:

A.In installationswheretheexposedconductive partsareearthedin groupsor individually, the
protectionconditionsfor TT systemsapply(see413.1.4.1)

B.In installationswheretheexposedconductive partsareinterconnectedby a protective conductor
collectively earthed,theconditionsfor TN systemsapply

In installationswheretheneutralis not distributed,thefollowing conditionsmustbefulfilled:

√3 x U0Zs ≤
2 x Ia

In installationswheretheneutralis distributed,thefollowing conditionsmustbefulfilled:

U0Z’ s
≤ 2 x Ia
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In theconditions:

• U0 is thenominalAC RMS voltagebetweenphaseandneutral

• Zs is theimpedanceof thefault loop comprisingthephaseconductorandtheprotective conductorof
thecircuit

• Z’ s is theimpedanceof thefault loop comprisingtheneutralconductorandtheprotective conductorof
thecircuit

• Ia is theoperatingcurrentof theprotective device

Protective devices in IT systems
Thefollowing protective devicesarerecognizedin IT systems:

• Earthfault monitoringdevices

• Overcurrentprotective devices

• Residualcurrentprotective devices
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Earthing Arrang ements and Protective Conductor s in
IT Installation
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Dimensioning

Cross-Sectional Area of Technical Earth
Thepurposeof theTechnicalEarthis to provide a returnpathfor any fault currentwhentheUPSis in
batteryoperation,andtheconnectionto theearthedpoint of thepublic supplysystemby accidenthas
beendisconnected.Therefore,thecross-sectionalareaof theTechnicalEarthshallsatisfytheconditions
for automaticdisconnectionof supplyrequiredin clause413.1of IEC 60364-4-41andbecapableof
withstandingtheprospective fault current.Thecross-sectionalareashouldbecalculatedaccordingto
IEC60364-5-54,542.3.

Cross-Sectional Area of Protective Conductor s
Note: Thefollowing sectiondealswith dimensioningof theProtective Conductor(the
PEconductor).

ReproducedArticles from IEC 60364–4–41

543Protective Conductors

543.1Minimum cross-sectionalareas

543.1.1Thecross-sectionalareaof every protective conductorshallsatisfytheconditionsfor automatic
disconnectionof supplyrequiredin clause413.1of IEC 60364–4–41andbecapableo withstanding
theprospective fault current.

Thecross-sectionalareaof theprotective conductorshalleitherbecalculatedin accordancewith 543.1.2,
or selectedin accordancewith table54.3. In eithercase,therequirementsof 543.1.3shallbetaken
into account.

Terminalsfor protective conductorsshallbecapableof acceptingconductorsof dimensionsrequired
by this subclause

Minimum cross-sectionalareaof thecorrespondingprotective
conductormm2

Cross-sectionalareaof line
conductorS mm2

If theprotective conductoris
of thesamematerialastheline
conductor

If theprotective conductoris not
of thesamematerialastheline
conductor

S ≤ 16 S k1
k2

x S

16 < S ≤ 35 16a k1
k2

x 16

S > 35 Sa

2
k1
k2

x S
2

where
k1 is thevalueof k for the line conductor, selectedfrom tavle A.54.1or from the tablesin IEC
60364–4–43,accordingto thematerialsof theconductorandinsulation;
k2 is thevalueof k for theprotective conductorselectedfrom tablesA.54.2to A.54.6asapplicable
a For aPENconductor, thereductionof thecross-sectionalareais permittedonly in accordancewith the
rulesfor sizingof theneutralconductor(seeIEC 60364–5–52).

543.1.2. Thecross-sectionalareasof protectiveconductorsshallnotbelessthanthevaluedeterminedeither
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• in accordancewith IEC 60949;

• or by thefollowing formulaapplicableonly for disconnectiontimesnot exceeding5 s:

√ I2t
S =

k

where

S is thecross-sectionalarea,in mm2

I is thevalue(r.m.s)in A of prospective fault currentfor a fault negligible impedance,which canflow
throughtheprotective device (seeIEC 60909–0);

t is theoperatingtimeof theprospectivedevice for automaticdisconnectionin s;
NOTE 1 Accountshouldbetakenof thecurrent-limitingeffect of thecircuit impedancesandthelimitation
of I2t of theprotective device.

k is thefactordependenton thematerialof theprotective conductor, theinsulationandotherpartsandthe
initial andthefinal temperatures(for calculationof k, seeannex A).

If applicationof theformulaproducesnon-standardsizes,conductorsof a higherstandardcross-sectional
areashallbeused.

NOTE 2 For limitationsof temperaturesfor installationsin potentiallyexplosive atmospheres,seeIEC
60079–0.

NOTE 3 As themetallicsheathsof mineralinsulatedcablesaccordingto IEC 60702–1have anearthfault
capacitygreaterthanthatof theline conductors,it is not necessaryto calculatethecross-sectionalareaof
themetallicsheathswhenusedasprotective conductors.

543.1.3Thecross-sectionalareaof every protective conductorwhich doesnot form partof thecableor
which is not in a commonenclosurewith theline conductorshallbenot lessthan

• 2,5mm2 Cu/16mm2 Al of protectionagainstmechanicaldamageis provided

• 4 mm2 Cu/16mm2 Al of protectionagainstmechanicaldamageis not provided
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World wide Customer Suppor t

Customersupportis availableat no chargevia e-mailor telephone.Contactinformationis availableat
www.apc.com/support/contact

© APC by SchneiderElectric. APC andtheAPC logo areownedby SchneiderElectric Industries
S.A.S.,AmericanPower ConversionCorporation,or their affiliated companies.All othertrademarks
arepropertyof their respective owners.
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