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1 Summary
This reportdescribegheresultof afield testof almost1.000ResidualCircuit Devices, RED, in Danish

electricalinstallations. ThetermRCD is usedasa commonreferencdor RCD type AC 0,03 AandRCD
typeA 0,03 A

Thetestshowedhat 7% of the RCDsdid na work properly. It alsoshoweda greatdifferencebetween
RCDsof type AC and d type A , astheerrorpercentagéor RCDsof type AC wasalmost11%,while it was
only 2,0%for theRCDsof type A. Sincethe mechanicaprinciplein thetwo typesis thesame, ad snce
RCDsof type A hasbeen used n Danish nstallationssince1994 it is assumedhatthe differenceis due
to ageing.lt is uncertain fi otherfactorsthanageing nay supervenand dgve reasongor differences.

Thetestalmostonly includedRCDsin residentiabuildings. Theerror percentagés thereforenot madeup
on differentinstallation ypes.However, i can e seenfrom thetestthatRCDsinstalledinsideresidential
areaghall, living roomand dherrooms),hada statisticallysignificantlylower fault percentagéhan tose
installed vheretheyareexposedo moisture,dustandlow temperatures.

Thetestincludedcontrolof thefunction d thetestbutton. Thetestshowed lhatmorethan lalf of the defect
RCDscould ke tripped with thetestbutton.(This fault wasfound a1 39 RCDswhich correspond$o 4% of
thedevicesn thetest).Froma safetyperspectivehis is problematic, micethefault leadsthe userto believe
thatthe RCD functionsproperly,even vhenthis is notthe case.

Theresultsfrom thetestwill beusedasinputto the Danish &fety TechnologyAuthority's safetystrategyin
the planning @ future campaignandeffortsand he Authority will on the background btheresults, nitiate
thefollowing initiatives:

- TheAuthority will increasets focuson informing ugrsaboutthe necessityn testing he RCD
regularly,for exampletwice ayear.

- TheAuthority will increasats focuson informing he certifiedelectriciansaboutthe necessityn
testingthe RCDsin connectiorwith inspection btheinstallationor otherwork carried @t on an
installation.

- Theresultsfrom thereportwill be dealtwith in therelevantstandardisationommittee, m arderto
verify thatthe testbuttormirrorsthefunction ofthe RCD and b find waysto improvethe high
fault percentagefor older RCDs.

Additional activitiesareunderconsideration.
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2 Introduction

This reportsummarizesheresultsfrom atestof the functionality of approximatelyl.000installedRCDs.
(ThetermRCDis usedasacommonreferencor RCDtype AC 0,03 AandRCDtype A 0,03 A All RCDs
mentionedn this reporthavea rated tipping currentof 0,03 Aunlessotherwisementioned.)rhereportis
preparedy the Danish &fety TechnologyAuthority in collaboration vith consultaniTorbenRahbek.

In manyDanishelectricalinstallationghe protection gainstcontactwith live partsat a singleisolation fult
on basicinsulation s based o RCDs.lt is thereforeimperativethattheRCD is ableto protectwhena
dangerousituation @curs.The purposeof this investigationwasthereforeto verify if the RCDsareableto
protect, @enafteryearsof normaluse.

Theresultsin thisreportareacompiled nterpretation bthecollected @ta. Thefinal reportdoesnotchange
theinformation egardingfault percentagen older RCDs,previouslyannounced o the backgroundf the
survey.

3 Background

3.1 Residualcurrentdevices

In modern nstallationgrotection gainstindirectcontactis required.Oneof the protectivemeasuress
automaticdisconnection fothe supply.In DenmarkRCDsarenormallyusedasprotectiveequipmentn
combination vith protectiveearthfor this protectionmethod.

RCDsalso povide protectionin installationswithout distributed potectiveearthby disconnectinghe supply
whena earth aultcurrentof acertain &e flows, for instancehrough ahuman bdy. This principleis not
allowed n modern nstallationsIn old Danishinstallations wherethe combinationof protectiveearthandan
RCDwasnotrequiredatthetime of installation ad is practicallyimpossibleto requireinstalled, RED’s are
usedasanadditionalprotectivemeansagainstindirectcontact. EDsfor fixed installationsarecovered ly
the European ndard sriesEN 61008 whichis harmonized uner the Low VoltageDirective.

As amain pinciple, two kindsof RCDsexist:
- RCDtypeAC 0,03 A

Thistype of RCDis olderthan ype A and wasallowed b be installedin Danishhousehold
installationsuntil 1994.
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Figure 1 - Principle diagram for RCD, type AC, 0,03 A.

The RCD functionsin suchawaythatall threephasesand reutralarecarriedthrough adifferential
currenttransformer. \enathree-phasedrdwo-phasedoad @ aload etween paseand reutral
exist, hesumof the currentswill bezero.Thereis thereforeno currentin the differentialcurrent
transformei(the secondaryircuit). In casea fault situation @ausegyroundingtheloadcurrentwill
run throughthetransformerwhile thereturncurrentwill runaround.Thereis no kalanceand he
sumbecomedlifferentfrom zero.This triggersthetrip unit (on theleft of thefigure), which inturn
switchesoff the supply.Thefigure also fiowsthetestcircuit (with thetestbutton “T"). Whenthe
testbutton s activated he returncurrentis carriedaround hetransformergenerating differential
currentdifferentfrom zeroand hetrip unit can ke triggered.It also fiowsthatthetestcircuit only
functionsif phasel3 isenergizedTheelectrician nustthereforemakesurethis is the casewhen
installing heRCD.

RCDsof type AC only work towardssinusoidafault currentsandcannotdetecta pulsating drect
current.

The RCD, type AC, isin generalsensitiveto impulsevoltages. Minyusershaveexperiencedhat
their RCD switched & during hunderstorms.

RCD, typeA, 0,03 A
Sincel99%4instllation d RCDsof type A, 0,03 Ahasbeenrequired h newinstallationsn Denmark.
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Figure 2 — Principle diagram for RCD, type A, 0,03 A).

The RCD, ypeA, functions, ih principle, in thesameway asthe RCD, type AC, in figure 1, with the
importantdifference, hatthe differentialcurrenttransformetis designedn suchaway thatit is able
to detectpulsating drect currents, lp the useof an scillatingcircuit, beforeit is sentto thetrip unit.
This meanghatthistype of RCDis bothableto detectalternatingfault currentsaswell aspulsating
directfault currents.

Furthermorethe sensitivityagainstpulsess stronglydecreased.

Thetestcircuit can aly work, if phasel.3 isenergized.

RCDsused or protectionagainstindirectcontactin residentiabuilding installationsshallhavearated
residualcurrentof no morethan ® mA (0,03 A.

3.2 Legislation

Before1994protectiveearthingandRCDswereused n Denmarkfor manyyearsasequivalentprotective
measures- calledsupplementarprotection.If olderinstallationsn Danish esidentiabuildingsare
equipped\ith supplementaryrotection gainstelectricshockiit is often aly based o RCDs,sincethe
protectiveconductorseldomhasbeencarriedthrough heinstallation.Up urtil 1994 RCDsof type AC were
allowed,but after 1994 mly RCDsof type A havebeen #owedin newinstallationsIn 1994arequirement
wasintroducedhatthe protectiveconductomustbe carriedthroughto the socket-outletn thetotal
installation.Therequirementslsoapplyfor extensivemodificationsor additionsto dder installations.There
are,however still alargeamountof olderinstallationswhereonly phaseandneutralhavebeencarriedto the
socket-outletin theseinstallations, ie RCD will bethe only form of protection 6 the usersin caseof faults
in theinstallation @ in appliances.

RCDshavebeen nandatoryin dl Danish esidentiainstallationssincel July 2008.This meanghatthere
alsohasto be RCDsinstalledin existinginstallations, ereit wasnotarequirementvhen teinstallation
wasfirst carried at.



v. 14, 28 Oct. 2009
Page 7 of 27

With this protection philosophy it is imperative, that the RCD work properly. The Danish Electricity Council
and later the Danish Safety Technology Authority have therefore carried out campaigns to get the users to
test the RCD by activating the test button. However, a measurement of the effect of the campaign has shown
that far from all users complies with the request. At the same time it is known that the electrical installations
are considered to be something that looks after itself and do not require maintenance. Therefore, when a
RCD is left unmaintained or without surveillance and perhaps in a dusty environment year after year, there is
a risk that the tripping part “gets stuck”, causing the RCD to not work properly, in case it becomes necessary.

3.3 Standarddor circuit breakersfor usein houéoldsand smilar locations

Residual current devices began to gain a foothold on the market during the 1960s, and the first standard
(CEE27)for RCDsof type AC wasdevelopedn 1974 ty thethenEuropean g&ndardization manization
CEE.During the 1980sthe standardizationdaivity wastaken aer by theinternationaktandardization
committeel EC who pullished hefirst standardn the [IEC 61008seriesin 1990. Based a CEE 27 tis
standardhlso ncludesrequirementstestsandalignmentswith the standard dr circuit breakers|EC 60898,

and gherimprovementsuchasrequirementgor type A RCDs.After CEE27,the IEC 61008standardsvith

the necessarfuropearchangeshavebeenfollowed an Europearievel. Thefirst standardn the serieswas
published m 1994asEN 61008.The European ndardsarepublishedn the EN 61008 sries.

A revision d thelEC 61008 grieswasinitiated elativelysoonafterthefirst edition of the standard s
published.The seconceditionwaspublishedn 1996. The secondedition s by and krgeatechnicalupdate
of thefirst edition. It doeshoweverincludeatestfor unwantedripping dwe to impulses, &. ransients
caused B lightning.

Afterwardstwo amendments IEC 61008havebeenpublished. Tiefirst amendmentamein 2002. It
includesadditionaltestcurrentsn therangebetweerb IAn and 500 Athatareappliedin testing @ the
RCD’sfunctionalityduring siddenearthleakagecurrents.The secondamendmentvaspublishedn 2006
and ncludegestsof theRCD’sinsulationfunction.

In 1995 EC publishedthe standard EC 61543 hatdescribe€£MC requirements$or residualcurrent
devices.

In DenmarkRCDshavebeencoveredby thefollowing requirementsThe heavycurrentregulationssection
127,based a CEE 27,the heavycurrentregulationssection152,based a EN 61008:1994ndlatestEN
61008:2004

Thecontinuousgdevelopmenbf production €échnology hshad geatimpacton thereliability of theRCD.
Thebiggestimprovementsre:

- Introduction & cleanroom manufacturingf thetrip unit. This hasremoved pbution, whichcan
leadto increasedripping valuesor nuisanceripping depending upo the design.

- Madification of thelatching mechanisnin the RCD to avoid heuseof hardeningpil or to avoid oil
atall. Previouslysomemanufacturersised d whichtended ¢ harden.This couldleadto increased
tripping imesor blocking of the RCD.
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None of these changes have a background in changes of the standard

3.4 Testing oinstalled residualcurrentdevices

The Danish electrical safety authorities wished to test a larger number of installed RCDs in order to obtain
knowledge about their functionality in praxis. The easiest way to carry out such a test is to let the electricity
company conduct the test in connection with replacement of the electricity meters (for example during
transition to remote meter reading or in combination with the systematic replacement of meters in connection
with maintenance). Agreement was made with two electricity companies. The Authorities supplied the
equipment and instructed the personnel in charge of the testing and the electricity companies then carried out
the testing. The two electricity companies tested in total 996 RCDs distributed on 560 of type AC , 400 of
type A and 6 RCDs of a different type (type AC, 0,5 A).

4 The project’s purposeand objective
The project’spurposewasto collectknowledgeon thefunctionalsafetyof installed RCDs.

The project’sobjectiveis to provideanswergo thefollowing questions:

- How manyof the RCDswork properly?

- Isthereadifferencebetween hie functionalsafetyof the RCDsof type AC and tpe A?

- Isthereadifferencein thefunctionalsafetyin termsof differentinstallation onditions?
- Doesthefunctionalsafetydepend o athercircumstances?

- DoesRCDsexistwherethetestbutton fuinctions butthecircuit breakerdoesnot?

Theanswerawill be usedasinputto the Danish ®fety TechnologyAuthority's safetystrategyin the
planning & future campaignandefforts.

5 Method

5.1 General
Thetestwascarried @t by measuringrippingtimesaccordingo EN 61008-1for alargenumberof RCDs
in private homes.

Simultaneously numberof backgroundbarametersvereregisteredsuchastype,brand, ge, nstallation
conditionetc. It wasalsoregisteredfithe RCD trippedwhenthetestbuttonwasactivated.

Theregistrationsverecarried ait on location @ paperforms. Subsequentlyhe formsweresentto the
Electricity Council,who enteredheinformation n to a spreadsheet he datawasexamined ér obvious
errorsandtheanalysiswascarried ait.
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5.2 Testvariables
Thefollowing variableswereregisered ér eachRCD

- Meternumber

- Locationof theRCD

- Installation ype

- Environment

- Mountingform in theinstallation

- Productbrand

- Typedesignation

- Ratedcurrent

- Ratedtripping current

-  RCD(type AC ortypeA)

- Trippingtime, AC test, dl poles

- Trippingtime, pukating DOC test, i poles,0 degreesand 180 dgreegphasadisplacemendf DC
contribution

- Tripswhentestbutton s activated

- Registerectlectricitycompany

- Testinspector'dnitials

- Dateof test

Subsequenthit wasdecided & analyzethe resultscomparedo the following variables:

-  RCD(type AC and tpeA)

- Installation ype

- Position ntheresidence

- Surroundingenvironment

- Theresultof thetesting ¢ thetestbutton.

Furthermoretheresultshavebeenanalyzeccomparedo the RCDsage,distinguishingbetweeriold” and
"new” RCDs. ‘Old” RCDsareassumedo all be of type AC, snceit wasnormalprocedureo install this
typeup 10 1994. ‘New” RCDsareall assumedo be of type A, sincethe normalproceduresincethen fas
beento installthis type. Furthermoreit is assumedhatit is only the RCDsagethathasaninfluenceon its
functionalsafety,becauséhe basicconstructions moreor lessthe samein RCDsof type AC andtypeA.
Theonly differencesarethedifferentialcurrenttransformemland he oscillatingcircuit.

5.3 Populations

Fromthe startof the surveythe objectivewasto collectasmanymeasurementsspossible, peferably
severahundreds. fieideawasthatif the numberof measurementwassufficiently high it would be
possibleto performstatisticallyvalid analysedor all variablesmaginable.

Thereforethe Electricity Councildecidedto enterinto anagreementvith the municipalelectricitycompany
in Varde, hattheir personneincluded neasurementsf a numberof parametersn RCDsin residential
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homesduringtheir regularmetermaintenanceisits. At thattime the electricitycompanywassystematically
replacing neters becausehe companywishedto switch to remotereading.Thereforethe Electricity Council
assumedhatthe agreemenivould resultin alargenumberof measurements shorttime and would gve a
representativeispersionm relation b the variableshatwereto betested.Theelectricitycompanysupplied
the municipalityof Vardewith electricityandis todaypartof the electricitycompany‘Syd Energi”. The
supplynetwork pimarily coversthe city of Vardeandthecity’s surroundingarea. h total 490RCDswere
measuredn thecompany’'ssupplyarea.

Furthermorethe Electricity Councilenterednto anagreementvith KE-Partner, hatsuppliedthe
Copenhageareawith electricityandits supplyareais strictly the city. In total 506 RCDsweremeasuredn
thecompany’ssupplyarea.

Considerationiavebeenmadeaboutto whatextentthis methodof selectionmight give a distortionof the
populationsFor example, aystematigeplacementf all metersin awholeblock at onetime might showan
overrepresentatioof RCDswith the concerneatharacteristicsTheresultwas, hevever, b includethese
measurements theanalysissincethe RCDshavenot necessarilypeen teated nore uniform simply dueto
thefactthattheywereinstalled n the sameblock, mmparedo if theyhad keenlocated n residential
buildingsin differentplaces.Therefore, helargestrisk o distortion i this contextappeargo bethatall
RCDscould ke installedin thattype of residentiabuilding and ke of the sametype. Braluationof data
shows however, hatthesecasesio nd seento occur.

5.4 Theproject’sparticipants

Theorganizingof the projectand theanalyseaswell asinstruction @ the personsvho wereto carryoutthe
measuring bthe RCDs,weremanaged ¥ the DanishElectricity Counciland fom 2004by the Danish
SafetyTechnologyAuthority.

Themeasuring bthe RCDshasbeencarried ait by staff at VardeMunicipal Plant(todaypartof "Syd
Energi”) and KE-Partner(todaypartof Eltel Networks).

TorbenRahbekassistedhe Danish &fety TechnologyAuthority asa consultanwith the composing bthe
final report.

5.5 Testprocedures

Thetestwascarried ait by testinga numberof RCDsinstalled n residentiabuildings. Thetestwascarried
outon location ad the RCD wasnot activatedexceptfor the necessityof thetesting.The RCD wasnot
removed fom theinstallation & partof thetestprocedure.

Theinstallationswvereselected § thetwo electricitycompaniebecaus¢he meterwasto be maintained o
replaced, buthe detailed slectioncriteriawerenot known by the Electricity Council.

TheElectricity Council producedestproceduresind brmsfor reportingthe results Furthermorethe
Electricity Councilprovided @librated neasuringequipmenftor the electricitycompaniesndinstructed
themin thetestprocedures.
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Depending a their constructionthe RCDsweretestedusingone or moretypesof fault currentsthetye AC
wasonly tested vith AC while thetype A wastestedwith AC, pulsating T in the positivehalf-waveand
pulsating BC in the negativehalf-wave.Thedifferencesareillustratedin figure.

AC Pulsating DC, 0 degrees Pulsating DC, 180 degrees
Voltage Voltage Voltage
1,50 1,50 1,50
1,00 1,00 1,00
0,00 \ / \ msek 0,00 \ / \ msek 0,00 \ / \ msek
1\ %0 3\ /A 1\ %0 3\ /A 1\ %0 3\ /A
-1,00 1,00 -1,00
1,50 1,50 1,50
Current Current Current
1,50 1,50 1,50
1,00 1,00 1,00
0,50 /\ /\ 0,50 /\ /\ 0,50
0,00 \ / \ " 0,00 \ / \ " 000 "
1& /40 3& 0 mee 10 20 30 4 mee 1\/0 3 40 mee
-0,50 -0,50 -0,50
-1,00 \/ \/ -1,00 A -1,00 4
-1,50 1,50 -1,50

Figure3. Normalisedcurvesshowthethreedifferenttypesof fault currentsused
for testing he RCDs.

Thetestprocedurevasthefollowing:

a. Registratiorof variousratingsregardinghe RCD and dherbackgrounddataaccording ¢ 5.2.
Mounting d testingequipmenbn the RCD.

Measuring balternating &ult currenttripping timeson dl polesin use,oneatatime. All tripping
timeswereregistered n“OL” (for overload)if the RCD did na trip.

d. ForRCDsof typeA, the measuringvasrepeatedwice with pulsatingdirectcurrent, frst with
pulsating drect currentin the positivehalf-waveand hen wth pusating drectcurrentin the
negativehalf-wave.All timeswereregistered.

e. Testing ¢ theRCD’stestbuttonandregistrationof theresult.

Theregistrationsveremadeon location m paperforms. Theformsareattachedaisannex A Subsequently
theformsweresentto theElectricity Councilwho enteredhemin to a spread keet.

The detailedtestproceduraegarding e instructionsto the personsvho carried ait thetestsis attachedas
annexB.

5.6 Statisticalbasis

The total population of approximately 1.000 RCDs renders the statistical uncertainty of the analyses modest.
This also applies if the population is divided into smaller parts, corresponding to the parameters examined.
The analyses in chapter 6 show that the confidence interval (95% level) is a few percent when analyses are
carried out on populations of less than 50-100 RCDs.
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It is therefore possible to conclude statistically significant conclusions regarding the fault percentage for
populations down to around 100 RCDs and statistically valid comparisons of the fault percentages can be
made between population portions of app. 100 RCDs or more.

5.7 Subesequemrocessing oflata
Priorto carrying ait theanalysesdatawasexamineda excludeobviouserrors.The eliminated egistrations
werethefollowing:

- Obviouslyinadequatelyilled in forms.

- Registratiorof tripping timesfor pulsating BC measuring 0 RCDswherebrandor typeclearly
indicateghattheyareof type AC. Thistype of RCDscannottrip at pulsating OC faults.

- RegistrationsvhereanRCD of type A tripsin the AC testin all threephasesin one or two tests
with pusating DC at0 degreesaswell asin one or two testswith pulsating BC at 180 cegrees.
Thesemeasurementsustbeincorrectsincea passed\C testshowsthatall conductorsarecarried
throughthe differentialcurrenttransformer. Riereforethe RCD mustreactalike regardlessf the
phasdault. When he RCD even @asseshe DC testin (atleast)onephaset showsthattherectifier
circuit functionsfor pulsating &ult currentsn the concerned idection. So, sncethe RCD functions
with pusatingfault currentsn one phasgthe DC test), ad sncethe RCD shallreactsimilarly to
faultsin all threephasegAC test), he conclusion $ thatthe measuring mstbewrong.

After this screening 96 measuredRCDsremained.

This datawas”cleansed”, ie. diferentspelling brmsfor the optionsfor the differentparametersvere
removed, éavingonly onespelling brmfor each ption.

Additionally, datain thefield "Type of RCD” wasamendedd oneof thethreeoptions;RCD type AC, RCD
type A or Other.Thiswasdoneby registeringRCDsthathad amly been ésted y the AC test, atype AC. If
aDC testhad leencarriedout it wasregisterechsatypeA. Thecategory'Other” wasused br RCDswith
otherrated tipping currents, 6r example300 nA.

6 The result of the project

6.1 Introduction
Theresultsareestablishedby consideringRCDswith atleastonetripping time measuredt over300
millisecondsat a fault currentof 30 mA asfaulty.

Thenumberof faulty RCDsis analyzed dpending o thefollowing variables:

- Typeof RCD (type AC or TypeA)

- Typeof installation

- Location ntheresidentiabuilding

- Thesurroundingenvironmentattheinstallation
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- Theageof theRCD
- Theresultof thetesting & thetestbutton.

Finally the fault percentagés calculatedor all the RCDsin the survey.

6.2 Fault percentage

Therewere67 aut of 966 estedRCDsthatdid na trip correctly.Addedto this were2 RCDswheretheteg
button dd na work asit should éee6.9). Thesearealso egisteredasfaulty, resultingin atotal of 69 RCDS
out of the 966testeddevicesthatdo not work properly.

Thefault percentagés therebycalculatedo 7,1%.

In otherwords, 93%of thetestedRCDswerefunctioningaccordingto their purpose.

Theconfidencenterval (95%level)is +/- 1,6%. This meanghatthe fault percentagavith a 95%certainty
lies betweerb,3%and 85%.

6.3 Typeof switch
In total, 3 dfferenttypesin thefield "RCD type” havebeenregisteredThe grouping § shown n figure4.

Other
(6 units)

Type A
(400 units)

Type AC
(560 units)

Figure4. Overviewof registeredRCD typesfor the 966 RCDsin thetest

In addition 1o the commontypes(type AC andtype A) only 6 othertypeshavebeen egisteredall of them
RCDswith aratedtripping currentof 300 mA. Theyareleft out of this analysisand hefault percentagés
calculatedor each & thetwo commontypesof RCDs.Theresultis shownin tablel.
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RCD type AC RCD type A
Amount tested 560 400
Amount of faulty Devices 61 8
Fault percentage 10,9% 2,0%
min. 8,3% 0,6%
max. 13% 3,4%
Confidence interval (95% +/- 2,6% +/-1,4%

Tablel. Faultpercentagefor RCDs.

Thetableshowsthatthe fault percentagéor RCDsof type AC is significantlyhigherthanfor RCDsof type
A

6.4 Typeof installation
Thetypesof installationcanbe groupednto the 5 main groupsshown n figure 5. It showsthatthe majority
(over90%)areRCDsinstalledin residentiabuildings.

Trade, craft, service
(34 units)

Other
(31 units)

Figure5. Distribution of installation ypeson the 960RCDs

TheRCDsthatfail in thetestaredistributedamong hefollowing installation ypes(table?2).
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Installation type Amount Amount Fault percentage
y
tested of faulty Confidence
breakers Estimate min. max. interval
(95%)
Residence 866 61 7,0% 5,3% 8,7% 1,7%
- hereof RCD type AG 511 55 10,8% 8,1% 14% 2,7%
-RCD type A 355 6 1,7% 0,4% 3,0% 1,3%
Industri 28 2 7,7% 0,0% 17% 9,7%
- hereof RCD type AG 12 1 8,3% 0,0% 25% 17%
- RCD type A 16 1 6,3% 0,0% 18% 12%
Trade, craft, 32 3 9.4% 0,0% 20% 10,3%
service
- hereof RCD type AG 18 2 11,1% 0,0% 26% 15%
-RCD type A 14 1 7,1% 0,0% 21% 14%
Holiday homes or 3 0 . ) ) )
the like
- hereof RCD type AC 1 - - - - -
- RCD type A 2 - - - - -
Other 31 3 9,7% 0,0% 20% 10,6%
- hereof RCD type AQ 18 1 5,6% 0,0% 16% 10,9%
- RCD type A 13 2 15,4% 0,0% 35% 20%

Table 2. Fault percentages distributed on installation types. The fault percentages
are also assessed on the two types of RCDs in the survey.

The confidence intervals for all other installation types than residential buildings are so high that it is not
possible to estimate the fault percentage. This is due to the low amount of tested RCDs. Therefore it is not
possible to statistically estimate if the type of installation has a significance regarding the RCDs
functionality.

6.5 Location
In total 11 different types of location have been registered for the 960 RCDs. The distribution is shown in
figure 6.
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Figure 6. The location of the 960 RCDs

Themain part of the RCDsis installedin hallways,basementsr on gairs. Thisis the casefor 822 d the 960
RCDs, @uivalentto 86%.

Thefaulty RCDsin thesurveyarespread o thefollowing locationg(table3).
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Location Amount | Amount Fault percentage
tested of faulty Confidence
switches Estimate min. max. interval
(95%)
Utility rooms 30 2 6,7% 0,0% 16% 9,1%
- hereof RCD type AQ 22 2 9,1% 0,0% 21% 12,3%
- RCD type A 8 0 - - - -
Hallways 608 30 4,9% 3,2% 6,6% 1,7%
- hereof RCD type AQ 330 29 8,8% 5, 7% 12% 3,1%
- RCD type A 278 1 0,4% 0,0% 1,1% 0,7%
Factory floors 4 0 - - - -
- hereof RCD type AC 1 - - - - -
- RCD type A 3 - - - - -
Garage, outhouse 5 1 20% 0% 60% 40%
- hereof RCD type AC 4 1 25% - - -
- RCD type A 1 0 - - - -
Cellar 102 15 14,7% 7,8% 22% 6,9%
- hereof RCD type AG 72 12 16,7% 8,0% 25% 8,7%
-RCD type A 30 3 10,0% 0,0% 21% 10,9%
Kitchen 14 0 - - - -
- hereof RCD type AC 6 - - - - -
- RCD type A 8 - - - - -
Living room, room 15 0 - - - -
- hereof RCD type AC 10 - - - - -
- RCD type A 5 - - - - -
Stairs 112 13 11,6% 5,6% 18% 6.0%
- hereof RCD type AQ 72 11 15% 7,6% 23% 8,4%
-RCD type A 40 2 5,0% 0,0% 12% 6,8%
Outdoor cabinet 11 2 18% 0,0% 42% 24%
- hereof RCD type AC 4 1 25% - - -
- RCD type A 7 1 14% - - -
Other 59 6 10,2% 2,4% 18% 7,8%
- hereof RCD type AG 37 5 13,5% 2,3% 25% 11,2%
- RCD type A 22 1 4,5% 0,0% 13% 8,9%

Table3. Faultpercentagedistributed o locationof RCDs.Thefault percentages
arealsoassessedmthetwo typesof devicesin the survey.

Thetableshowsthatplacementndoorsin inhabitedocations(hallways,livingroomsand gherrooms)
renderghe RCD functionalfor alongerperiodof time, mmpared a the moreexposedocationssuchas
cellars,stairsand atdoors.The surroundingenvironmenis assesseih thefollowing paragraph.

Dueto therelativelylow numberof testedRCDsplacedin garagesputhouse®r outdoorcabinetst is not
possibleto elaborateon which d thelocationsthatarethe poorestonly thatall threewerepoorerthan br
RCDsplaced ndoorsin inhabitedocations.
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6.6 Surrounding avironmentat point of installation

The surroundingenvironmentt the point of installation & characterisedrém four conditions;humidity,
dust, dy or cold. Furthermore,lie “middle conditions”cold anddusty,dry anddustyaswell ashumidand
cold areregisteredThe distribution 8 shown n figure 7.

Humid and cold

Humid ;
. (1 unit) Cold
(57 units (6 units)
| Cold and dusty
(11 units)

Dusty (2 units)

Dry
(867 units)

Figure7. Characterisatiof the surroundingenvironmenin the locationswhere
the 960 RCDsareinstalled.

Thefigure showsthatthe surroundingenvironmentt the point of installation & characteriseds“dry” for
90%of theRCDs.

Theenvironmensurrounding he faulty RCDs, is distributedasshown h table4.
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Surrounding Amount | Amount Fault percentage
environment tested of faulty Confidence
switches | Estimate min. max. interval
(95%)
Dry 867 61 7,0% 5,3% 8,7% 1,7%
- hereof RCD type AG 510 56 11% 8,3% 14% 2,7%
- RCD type A 357 5 1,4% 0,2% 2,6% 1,2%
Humid 57 3 5,3% 0,0% 11% 5,8%
- hereof RCD type AG 27 1 3,7% 0,0% 11% 7,3%
-RCD type A 30 2 6,7% 0,0% 16% 9,1%
Cold 6 2 33% - - 41%
- hereof RCD type AC 4 1 25% - - -
- RCD type A 2 1 50%
Cold and dusty 11 2 18% 0% 36% 18%
- hereof RCD type AC 6 2 33%
- RCD type A 5 0
Dry and dusty 7 1 14% 0% 42% 28%
- hereof RCD type AC 5 1 20% - - -
-RCD type A 2 0

Table 4. Fault percentages as a consequence of the surrounding environment at the
point of installation for the faulty RCDs.

ThetableshowsthatRCDswill lastlongerif theyareinstalled n locationswithouttoo nuch distand na
too old.

It is not possibleto rankthe othertypesof surroundingenvironmentsegistered, sitoo few RCDsaretested.
The uncertaintyof the fault percentagew/ould then ke too high.

6.7 TheageoftheRCD

The ageof theRCDshasnot been egisteredn the survey,butit is still possibleto derive conclusions
regarding e age’sinfluenceon the devicesunctionality. Thefactis thatuntil 1994mainly RCDsof type
AC wereinstalledin Danish esidentiabuildings,when heywereequipped ith RCDs,while it became
mandatoryto install RCDsof type A after 1994.1t is thereforefair to assumehatall RCDsof type AC were
10yearsold o morewhile the RCDsof type A werel1l0yearsold o younger, athetime of thesurvey.

Furthermoreit is afactthatthe basicmechanicatonstructionn theseRCDsis the same hamelytwo- or
four poled aeviceswith atripping mechanismin the RCD of type AC thesignalto thetripping mechanism
comedirectly from a differentialcurrenttransformer, \wile the signalin anRCD type A is first sentthrough
anelectroniccircuit enabling he deviceto detectpulsating OC (seealsofigures1 and 2) It is therefore
assumedhatthetwo typesof RCDsagesevenly.

In tablel it is shown hatthefault percentageis almost11%for RCDsof type AC (i.e. the“old” RCDs),
while it is 2% for the RCDsof type A (i.e. the“new” RCDs). Thisis illustratedin figure 8.
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Figure 8. The figure shows the fault percentages for RCDs depending on their age.
It is not possible to sub-divide the results further concering age.

6.8 Testing hetestbutton

The test procedure included a test of the RCDs test button. The procedure was to give the best possible
pictureof the devicesunctionalsafetyat occurringfault currents.Thereforethe testbegan vith an AC test,
measuringhetrippingtime on dl used ptes.If thecircuit breakemwasa RCD of type A, thetrippingtime
wasalso neasured vih pusating OC After thesemeasurementsad keencarriedout, thetestbutton was
activatedto seif it tripped. Normallythe useris instructedo testthetestbuttonat leastoncea yearandthe
SafetyTechnologyAuthority andthe Electricity Councilhavepreviouslyrun campaigngo makeuserstest

their RCDsatthe transitionfrom summertime to wintertime.)

This partof thesurveyis interestingn orderto clafiry two guestions. Brtly to seeif thetestbuttonactually
functionssothatthe user‘exercises'the RCD andpartlyif thereareinstancesherethetestbuttoncan tip
the RCD, eren f thedevicedoesnotwork properly.In thesecaseghetestbutton will give theuserfalse
security.

The resultof the testis shown n figure 9.
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Not registered
(24 units)

\ Trips

(902 units)

Figure 9. The result of the test of the RCDs test button

Theresultwasthat902 RCDs(or 94%)functionedastheyshould.Theytripped when hetestbuttonwas
activated.Thereareanadditional24 RCDswherethe outcomeis notregisteredprobablybecause¢hatpart
of thetestwasnot carried ait.

Left is only 34 RCDs(or app. 35% of thetotal numberof testeddevices) wherethetestbuttondid nd trip
theRCD. (Theconfidencentervalin 95% levelis +/- 1,2%).

Whenthesefactsarecompared vih the RCDsthatdo nd work properlyin thetest, heresultis thenumbers
shownin table5.

Test button trips | The test button does
the RCD not trip the RCD
RCD worked properly in 869 9
other points of test
RCD failed in other
points of the test 39 25

Tabel5. Overviewof theresultof thetestof thetestbuttonon the 942RCDs,
wherethe outcomeis registered. Wen hetestbutton s activatedjt shouldtrip the
RCD.

Thetableshowsthatthe mostcommonis thatthetestbutton tips the RCD, which meanghatthe overall
function d theRCD seemdo bein order.

However, hetablealsoshowsthatthereare9 instancesvherethetestbuttondoesnottrip an aherwise
correctfunctioningRCD. (All thesedeviceshaveatrippingtime of 20-80 nillisecondswhichis fully
satisfactory) All 9 are4-poledRCDs.An examination btheregistrationshowsthat7 o themareinstalled
in one or two phasednstallationswhile thelasttwo areinstalled n threephasednstallations. his has



v. 14, 28 Oct. 2009
Page 22 of 27

significancesincethetestcircuit in the RCDsis only connectedo one phaseansidethe deviceandtherefore
doesnotwork, if only the otherphases@reconnectedgsdescribedn 3.1). Thiswill normallybechecked b
theinstallerof the RCD.

If it is assumedhatthe7 RCDsareincorrectlyinstalled,2 RCDsremain vherethetestbuttondoesnottrip
whenpressedThe errordoesnotinduceanyimmediatedangeffor the userbutit meanghatthe RCD cannot
betestedlt is probablydueto anerrorin thetestcircuit andthe RCD thereforeneedso bereplaced.

Thereare39 ceviceswherethetestbutton tips the RCD butwherethe RCD doesnot trip atafault current
of 30 mA. However,whenexaminingtheregistrationgheyshowthat6 o theseRCDswould probablyhave
functionedif theuserhadtested hemregularly.All 6 incidentsarecasewherethe RCDshavebeen
assessedsfaulty becausehefirst (or thetwo first) AC testsgaveunacceptabl&ipping imes, dter which
thefollowing testsgaveacceptableralues.lt is thereforefair to assumehatactivating hetestbuttonatthe
end d testwill trip the RCD andconsequentlfair to assumehatit would havefunctionedif tested
regularly.

Even f these6 RCDsareleft out of the surveyand mly thereamaining 5&reconsidered tistill showsthat
thereare33incidents(overhalf theamount)wherethe user— afterhavingpressedhe testbutton — nust
assumehatthe RCD is functioningproperly,even vhenthisis notthe case. Tis meanghatthetestbutton
only identifies25 d thein total 58 faulty RCDscorrectly. This correspond$o a shareof 43%.(The
confidencdevel on this estimatds +/- 13%.).1t is unsatisfactorgincealmostall faultsleadto the usernot
havingthe protection hatthe userwould expect, i the usertested he RCD on aregularbasis.

7 Evaluation

7.1 Theresults

Theresultsshowthatthe fault percentagéor the”old” RCDs(RCDsof type AC thatareknownto have
beeninstalledfor morethan10 yearsatthetime of the survey)wasvery high, & almost11% of thesedid na
work properly. The SafetyTechnologyAuthority would thereforelike to incorporatehe messagéhat
electricalinstallationsand n particularRCDs,do not lastforever,whencommunicatingnformation
campaigngo users.

It is also worrying thata very largequantityof the faulty RCDscannotbe detected i the userwhen
activatingthe testbutton.The surveyshowedhatalmosthalf of the RCDsdid na trip, whenthetestbutton
wasactivatedIn thesecasegdhe RCD doesnot give the protectionanticipated i theuser.

Finally, the surveyshowedhatsomeRCDswereinstalled n away thatcausedhetestbuttonto not work
properly.lt is upto theelectrician b verify this, whenthe RCD s installed.

7.2 Themethod
The measuring programme in co-operation with the electricity companies was a success because a large
number of RCDs were tested with the use of manageable resources.



v. 14, 28 Oct. 2009
Page 23 of 27

8 Follow up onthe project’s results
The surveyhasshownthreeresultsthatwill beincorporatedn the SafetyTechnologyAuthority’s
information $rategyand $andardisationwork:

- Morethan mein tenRCDsdo notwork properly.
- Morethan lalf of the defectRCDscanstill trip whenthetestbutton b activated.
- Ageingseemdo influencethefunctionality.

Theseresultsarefollowed up by the Danish &fety TechnologyAuthority asdescribed blow.

8.1 Information ativities

Themeasuring psgrammeemphasizethe need br usergo testtheir RCDsregulary.Firstly, partof the
measuringshowedhatthe RCDscan fe “exercised’to work, meaninghatthefirst measureingesultedn
unacceptablyigh ripping timesthatafter 1-2 trippingsfell to valuesundertherequired 300 ntlisecondsat
30 mA. Secondlyatestwill revealthe RCDsthatdo rot work properlyandareup for replacement.

It is thereforemportantthatthe SafetyTechnologyAuthority continuego inform theusersaboutthe
importanceof testingthe RCDsreguarly,for exampletwice ayear.

8.2 Standardisation avities

The surveyhasshownthattestingby activatingthetestbuttongivesanideaof the RCDsfunctionalsafety
whichis far too paitive. Thetestbutton tippedthe RCD correctlyin almosthalf of the casesvherethe
RCDdid nottrip atafault currentof 30 mA. Oneof thereasondor thisis probablythatthetestcircuitin a
RCD generatesfault currentof 70-75 nA\, whichis far morethantwice thefault currentgenerated sing
externaltestingequipment. fietestcircuit influencesthetripping circuit far morethana“real” fault can.
This s critical sincechangesnight occurin the presetripping characteristicslueto errorsin the production,
corrosion, geingor similar circumstancedf thishappenshereis arelativelylargedistancerom the RCDs
rated tipping currentof 30 mA to the normaltestcurrentof 75 mA wherethetestcircuit can aetectfaultson
theRCD.

Furthermorethe fault currentgenerated ypthe testcircuitis pure AC. This meanghatthe RCDsability to
detectpulsating OC is nottestedat all when he useractivateghetestbutton.

Theconstructiorof thetestcircuit is broadlyestimatedo be the samefor all brandsandtypeson the market.
Thereforethe observationsvill be discussedri the standardisatiosommitteewith aview to develop est
circuitsthatarebetterat detectingfaulty RCDs.

Thehigh fault percentage®r olderRCDswill alsobediscussedn the standardisationrgup © find
countermeasurefneideacouldbeto defineaservicetime for RCDsin whichit is assumedhatit will
work properly, providedthatit is tested byactivatingthetestbuttononceayear.In this connection v might
considelto draw on Japanesexperiences,isce Japanesesgulationgequirethatmanufacturersf electrical
productsin the future marktheir productswith an“expiry date”. An alternativecould ke abatch mmberor a
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correspondingodethatdeterminesheageof the RCD. Thisinformation would ke printed a thefront of
the RCDin orderfor theuserto readit. A third gotion couldbeto equipthe RCD with anacousticalarmthat
warnstheuserthatit is time to testit.

It is alsoconsideredf the surveyis to be presentect LVD/ADCO (the EU Commission’sco-operative
forum for authoritiesenforcing he low voltageDirective).

8.3 Otheractivities

In parallel to the above-mentioned activities, the Satety Technology Authority will consider to request (or
instruct) electricians to send faulty equipment in for a closer examination. The legal basis for this is in the
Product Safety Regulation.

9 Conclusion
At thebeginning & the projectfive questionsvereraised. heanswergo thesequestionsarethefollowing:

- How largeis thenumberof RCDsthatdo nd work astheyaresupposedd?
The surveyshowsthat7% of the installedcircuit breakerdo nd work accordingto their purpose.

- Are theredifferencedn the functionalsafetyfor RCDsof type AC andRCDsof type A?
Yes. The surveyshowed hatthe fault percentagéor RCDsof type AC is 10,9%,while it is only
2,0%for RCDsof typeA.
Sincethe mechanicapropertieof thetwo typesof RCDsarethe sameand snce RCDsof type A
werenotinstalledin Danish nstallationauntil after 1994 (vhereit wasalso pohibited b install
RCDsof type AC in residentiabuildings), t is assumedhatthe differenceis particularlydueto
ageing.

- Aretheredifferencedn thefunctionalsafetybetweerdifferentinstallation ypes?
The surveybroadlycoveredonly RCDsin residentiabuildings. The numberof RCDsin othertypes
of installationsis sosmallthatit is not possibleto assesshefault percentagén relation o
installation ype.

- Doesthefunctionalsafetydepend o ahercircumstances?
The surveyshowedthatRCDsinstalled nsideinhabited aeas(hallway, living roomand aher
rooms)hada significantlylower fault percentagéghanRCDsplaced n environmentallymore
exposed grroundings.

- Are thereRCDswherethetestbutton fuinctionsbutthe RCD doesnot?
Yes. Thesurveyshowed hat39 d the960 estedRCDscould ke triggered vihenthetestbutton was
activated, genif theydid not trip ata fault currentof 30 mA. (Thatis morethanhalf of theRCDs
thatdo nd work properly). Theuseris therefordedto believethatthe RCD functionsproperly,even
whenthisis notthe case.
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Furthermore there were 9 cases where activation of the test button did not trip an otherwise correctly
functioning RCD. The 7 cases are assumed to be due to wrong installation of the RCD, so that the
test circuit does not work properly.

However, it is still a good idea to activate the test button regularly and replace the RCD if it does not

trip.



Annex A. Testform
Below s theform thattheinspectorsised m location n thesurvey.

The Electricity Council
TEST OF RCDs

S

pecial test 2003-11-28 FM
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Date of inspection:

Installation number.:

Installation type:

Location of RCDs in the installation (room cat.) :

[] Residential [ ] Lightindustry [ Stair/platform [ ] Outhouse
[] Office [ ] Industriy L1 cellar [] utility room
[ 1 Other: [] Halway [] Other:

[J No RCD/RCCB installed
Surrounding environment: Mounting in the installation:
[l Dry [] Dusty [ ] Group configuration for several group breakers
[ ] Humid (signs of humidity) [ ] Switchboard for a single unit (fx washing machine)
[] Cold/temperature fluctuations [ 1 In front of socket
[] Other: [] Other:
Visible data on equipment:
Brand/product: Type designation:
Rated current: [ ]40 A Other: A
Rated tripping current: [ 130 mA Other: mA
Number of switches on RCD/RCCB: Number of switches in use:

[ ]RCD type AC [ ]RCD [ ] other:
type A

NOTE! The test button may _not be activated prior to the test and the RCD may_not be tripped manually.
All group breakers and other equipment after the RCD shall be switched off before the test.
The test shall be carried out according to the instructions on the back of this form.

Set tripping current: _ mA.

RCD type
AC + type A

Tripping time:
AC test

RCD max. 300ms

<

/ -
$'switch set:

2" switch set:

3" switch set:
N—

ms

ms

ms

RCDs of type A must also be tested with half-wave rectified AC, pulsating DC

Half-wave rectified [

AC 1% switch set: ©: ms 180°: ms
E)ggjl:;;é (X RCD max. 300ms 2" switch set: ©: ms 180" ms
_ 3"switch set: ©: ms 180°: ms

Does the RCD trip when test button is activated?: [ ]Yes [ JNo

Signature

Date
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Annex B. Instructions for testing
Theinspectorseceived hefollowing instructionsTheinstructionswereprinted a the backof thetestform
shownin annex A

Instructions for testing RCDs/RCCBs

1. Neveractivatethe RCD prior to thetest, rithermanuallyon the switchnor on thetestbutton.

2. Fill in the test forms boxes(type of installation, location, surroundingenvironment,mountingin the
installation,dataon the RCD etc. )

3. Disconnecall groupsafterthe RCD.

4. Ascertain @ whichterminalthe neutralconductolis connected. \bngconnection mducesshortcircuit
in thetestingequipment.

5. Ascertain viich erminalson the RCD thatareinputandoutputterminalsrespectivelyThe phaseand

neutraltesting [in is connectedo the RCD outputsideon the phaseand reutralterminalrespectively.
Theearthpin from thetestingequipmenis connectedo the RCD neutralterminalon teinputside.

Execution of the test

1. PerformAC test: Setthe testinginstrumentat 30 mA. Performmeasuringon contactsetsl, 2 and 3.
Recordtheresultin thetestform.

2. PerformDC test: Setthe testinginstrumentat DC test. Performmeasuringon contactsets1, 2 and 3.
Recordtheresultin thetestform.

3. PerformDC test,180°: Setthe testinginstrumentat DC testwith 180° displacementRemembeto each
time pressthe setbuttonto 180°on the testinginstrumentPerformmeasuringn contactsetsl, 2 and3.
Recordtheresultin thetestform.

4. Activatethetestbutton. Recordtheresultof thetestin thetestform. (Did the RCD trip —yesor no).
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