Description Method for identifying arcing faults and circuit breaker 5 The invention relates to methods
for identifying arcing faults within an electrical circuit having a system frequency, an electrical current
and an electrical voltage, and to a circuit breaker operating according thereto. 10 So-called arcing
faults can occur within an electrical circuit. Arcing faults are undesired currents between at least one
element of the electrical circuit and a further element, a potential difference existing 15 between the
two elements. Usually, the two elements are ngLin direct glgctrical contact, rather there is normally an
insulation between them._ If t eﬁ'nsulat'on is. defective owlnﬁg to the fact that, for.example, it has become
r

porous on account ofogtIH@ 38 pe ﬁr};ﬁ. &8 [?‘al?ﬁ)ll em %‘1& ﬁaac%guﬁtl(ﬁcfﬁé anical action,

then it is possible for a further substance to penelragabetween the two elements and settle there. Said
substance is can be liquid, for example water, or gaseous, in particular air. On account of the lack of

25 msulatloEp eﬁsﬁg% in the %aﬁe of the fggggts and/%rt\ﬁooltgg% occurélng tV\iItIhln the electrical circuit it is

possible for an electriéglvf?as %)\Olgr, the arcing FaoLlltinto occur be?ﬁeeln the twoyég%e%ifsc.@%gA
distinction is drawitbétivedh tHréé differerttgpes éfarcing taittsl alsd éalfedParc Intké ease of the
so-called wet arerthepenefratingrsubstanceds a@diquid,uistally waier whieh has adigh etectrical

conductivity. Thefurtherelemengisusually, 35 glectrically connected 48 graund, gr graunded and not

necessarily part of the electrical circuit. On account of the high electrical conductivity and thus on
account of the IGW@I&tfcal resistance of the liquid, comparatively high currents can occur between
the two eléMments, which can lead to an impairment of possible loads of the electrical circuit. 5In the

case of a SO'Ca!@E%rﬁﬂ%@r%’F& Renetrating substance. is @ 9as.+n P@ﬁ@%'% air-The @éﬁh_er elgme_nt
is usually electrlcalgf/:connected to ground %[rﬁ%rounded and not neéessargy part of the electrical circuit.

On account of tie electric fiefth 10 Bétwedh the s SleMBRES e JasTs idrized andan efttrical
current can floneietweersthe twe ekehsarits tSuch atflashever i possible already at potential

differences of appreximately 30plts: On agcouphefthe comparativelypoorelectricakeandyctivity of

the 15 ionjzed gas, the electrical current between the two.elements is not constant, but rather at high
B om o i el P S Tt W e o e A
respective envirBfiment Thé terfigératires oeeufimg intRiscase, rather there is

normally an insulation between them. If the insulation
is defective owing to the fact that, for example, it
has become porous on account of aging or has been at
20 least partly removed on account of mechanical action,
then it 1is possible for a further substance to
penetrate between the two elements and settle there.
Said substance is can be liquid, for example water, or
gaseous, 1n particular air. On account of the lack of
25 insulation effect, in the case of the currents and/or
voltages occurring within the electrical circuit it 1is
possible for an electrical flashover, the arcing fault,

to occur between the two elements.

30 A distinction is drawn between three different types of
arcing faults, also called arc. In the case of the so-
called wet arc, the penetrating substance is a liquid,
usually water, which has a high electrical
conductivity. The further element is usually

35 electrically connected to ground or grounded and not
necessarily part of the electrical circuit. On account
of the high electrical conductivity and thus on account

of the 1low electrical resistance of the 1liquid,



20 reach as much as a few thousand degrees, with the result that further damage to the insulation, the
elements and/or the respective environment is not ruled out. 25In aircraft, in particular, this risk is
particularly great since installed cables are usually combined to form wiring harnesses. If the first
element is one of these cables, an arcing fault occurring can damage the entire wiring harness and
thus jeopardize the operating 30 safety of the aircraft. Furthermore, it is possible for elements

surrounding theé’k@ﬂﬂ%@éﬂ‘%ﬁlﬁﬁfl the wiring haraesssitself to eatch fire, Afydber type ofgrging fault is

the serial arc. In 35 the case of the |atter, the further element is the first element itself, which is usually
a cable. The flaSHSVET takes prace iofg the 'cable, e stibstalies thdtPenettbtel UStaMR/ Being air,
which is in electticaldcontdctiith theccdble ash resultof Ain insulation that has become porous. The
mechanism leading to this arcing fault is comparable with the parallel arc and likewise also the effects
thereof. 5 Tgwe ir}ventioc%ies bag%% on thoe obj%ct of scpgggfxi[ng Opoth a Pg'ﬂ%ﬂa”y ggitable eéhod for
identifying arcingr%aults withinan electrical cwcuit%avmg a syster%afrequency, an eléctrical current and
an electrical 10 V8R&ge, Hndd partiedlanly) Stitdsle eirclithreakerPThé bbjekt felatiriy to'thé method is
achieved according to.&ie irventiontdby meanssotthefeaturestof Ctaims.l. e deperdentelaim

_referring back t%qg@n@latgﬁ to_gjisoag &gé{angq,%eoq%@vgggg]g%ﬂeﬂ;in%fgeﬁrt anoi@ter{q{gnce signal
is understood to'mean a deviation of an actual value of an electrical cufrent from an associated
desnedvaMe.Tﬁ%Qﬁiﬁﬁﬁﬁ# circuit. On account of the electric field

10 between the two elements, the gas 1is ionized and an
electrical current can flow between the two elements.
Such a flashover 1is possible already at potential
differences of approximately 30 volts. On account of
the comparatively poor electrical conductivity of the

15 ionized gas, the electrical current between the two
elements is not constant, but rather at high frequency,
which leads to a high thermal charging of the two
elements, of the substance and/or of their respective
environment. The temperatures occurring 1in this case

20 reach as much as a few thousand degrees, with the
result that further damage to the insulation, the
elements and/or the respective environment is not ruled

out.

25 In aircraft, in particular, this risk 1is particularly
great since installed cables are usually combined to
form wiring harnesses. If the first element is one of
these cables, an arcing fault occurring can damage the
entire wiring harness and thus jeopardize the operating

30 safety of the aircraft. Furthermore, it is possible for
elements surrounding the wiring harness or the wiring

harness itself to catch fire.

A further type of arcing fault is the serial arc. 1In
35 the case of the latter, the further element 1is the
first element itself, which is wusually a cable. The
flashover takes place along the cable, the substance

that penetrated wusually being air, which is in



20 has a time duration and a specific frequency during said time duration, wherein the deviation can
also have a number of frequencies or a frequency band during this time span. It is assumed below that
an interference signal comprises only one frequency, but the 25 interference signal can also comprise
a plurality of frequencies. If the frequency of the deviations are below an LF1 frequency, and
meanwhile the electrical current lies 30 above an LF1 limit threshold, then this interference signal is

designated as LELsignal -An LE2 signal is ynderstood to.-mgean an interference signglawhose
frequency is lower than an LF2 frequency, while at the same time the current intensity is greater than

an LF2 35 limit thP&3hotd. e lehfthtof the' EF1 Sighaland i 18Hgth of The LFZ'Sighal'défibte the time
duration of the interférernce signalthaving tive respéctiveparametersiabovel An HFE2signakdenotes a

number of interfgrencersignals whiehshave a.frequency beloye ap Hk2 requencye bt this case,the time
interval between twosuccessive 5 interference signals is less than an HF2 time, and the number of

interference signals is greater than an HF2 number. If a further interference signal having a frequency
below the HF2 ffétfuehey Dt wittsin 2etifie span WhiclPiz1ess thah the HEZ timeafte? the last 10
interference signal phan HR2 signgl, then the furthee imterdference signat isiegunted as being part of the

HF2 signal and ygqllfggth Mgheilalcml%ignghi(gcc_tquegg?ndglgila%nggthﬁggqh%isaha§ gl;[]ect, inter

alia, that the time interval between two successive HF2 15signals |s%%reater an the HF2 time. If a

number of time pERGISWitkin whith &t 16ast oheHf2 SignalSh eachtaseds présent biréefy succeed
one anothe?, therthis isedesignated msaniaccumudlatien. iin 20 this-dase; the lengttk efeach of the time
periods amounts to an accumulation length. The number of accumulations is greater than or equal to
an accumulation number, If a further HF2 si}gﬁmal ccurs in a further time period havig%ﬁ,temporal

c

length 25 correspondity (o the Accdmuittion derigth after thelasttinie peridd bf Anatcumtiation
containing an HF2 sigral, there tHeltime periog eonataining-the firherHER sighalkiscboated-as being

part of the accumwiatign gndthe tength ofithe ageumulationis-gorrespendinglye1ates to

15 an advantageous development.

Hereinafter, an interference signal 1s understood to
mean a deviation of an actual value of an electrical
current from an associated desired wvalue. The deviation
20 has a time duration and a specific frequency during
said time duration, wherein the deviation can also have
a number of frequencies or a frequency band during this
time span. It is assumed below that an interference
signal comprises only one frequency, but the
25 interference signal can also comprise a plurality of

frequencies.

If the frequency of the deviations are below an LF1
frequency, and meanwhile the electrical current 1lies
30 above an LF1 1limit threshold, then this interference
signal 1is designated as LF1 signal. An LF2 signal 1is
understood to mean an interference signal whose
frequency is lower than an LF2 frequency, while at the
same time the current intensity is greater than an LF2
35 limit threshold. The length of the LF1 signal and the
length of the LF2 signal denote the time duration of
the interference signal having the respective

parameters above.



30 lengthened. It is possible, in particular, for an interference signal to contribute to a number of the
abovementioned signals and/or the accumulation. Furthermore, it is 35 assumed hereinafter that, if a
signal starts a time period, a time span, a temporal phase or a temporal period, or the time period, the
time span, the temporal phase or the temporal period is started by means of the signal, the signal is
counted as being part of the time period, the time span, the temporal phase or the temporal period,
that is to say lies within the time period, the time span, the temporal phase or the 5 temporal period.
The method uses a counter designated hereinafter as WET' accumulation counter. At the start of the

method, the WET* ab&umiafion coltitérisset th 2618°(6). 16" WhéHevet thé WisT atalimtfation
counter is zero (0)1if an lageemalatior islidentifidek e WET' AEcumulatior counter is inéremented by

one (1). In otherzwaeds, the gounterirgading gf the WET' accupudation gpynterds decremented by one
(1) as soon_as an ccugm%ation is 15 idthsifieidSwiiheig thecglﬁectrical %E:&emc gf the eall%(gri% I e(:ircuit. With

each furthe5r identi |(—:‘edragcuerﬁuclgtic§nl,%e counter read?ng of the WET" dccumuldtion Counter is

incremented by B#eR&Y along astké ik interval Petwéenl fivoBiReessivet2G Acctimuigtions is
greater than a firsiraeeumulation timefaneless thama secerd aceumsulation time.df-this;is rot the case,

then the WET accugylafion qgunlsy s fesefo;zefo (0), 254 the cayater seading of e WET

accumulation counter reaches an accumulation value, then a waiting period Is started and the counter
reading of the WET actimafatior cotiffet isthatthanged frthet il parfiddiar during theAwaiting
period. If, during. the=3( wadtimgepesiodn bwo successivie accumulafionschave a time fintervad which is

less thar_1 a thirdi%%%@f&%“@ig}%‘ﬂh? M%@‘&E_%@Oda'@ t%@&“xﬁ‘?t%%rﬁd the WEJ" aggumulation
counter is set to zerorﬁ(ﬁ). Likewise, altjleast one LF1 signal, preferably one, two or three 35 LF1

signals, leads t0°a tetinatioh of thé Waiting PBAGH and’a reséttifig of the WET* d8&umulation counter
to zero (0). If the waitirgPperibdends reguarlyctiad is télsay iftthe waltihgpefiodts nettesminated,

then alia, that the time interval between two successive HF2

15 signals is greater than the HF2 time.

If a number of time periods within which at least one
Hf2 signal in each case 1is present directly succeed one
another, then this is designated as an accumulation. In
20 this case, the length of each of the time periods
amounts to an accumulation length. The number of
accumulations is greater than or equal to an
accumulation number. If a further HF2 signal occurs in
a further time period having a temporal length
25 corresponding to the accumulation length after the last
time period of an accumulation containing an HF2
signal, then the time period containing the further HF2
signal is counted as being part of the accumulation and
the length of the accumulation 1s correspondingly
30 lengthened.

It 1is possible, 1in particular, for an interference
signal to contribute to a number of the abovementioned
signals and/or the accumulation. Furthermore, it is
35 assumed hereinafter that, 1if a signal starts a time
period, a time span, a temporal phase or a temporal
period, or the time period, the time span, the temporal

phase or the temporal period is started by means of the



an arcing fault is reported after the waiting period has elapsed. If an LF2 signal having a duration
longer than an LF2 5 limit length is measured within the electrical current, the WET" accumulation
counter is suitably set to zero (0) and left at zero (0) for a parallel time period. Therefore, the WET'
accumulation counter is not incremented by one (1)-during the parallel time period 10 if an
accumulation is identified in the meantime. In the case where such an LF2 signal is measured during

the waiting periad, he latteris terminated and the, WET' accumulation counterds sgt.to-zera (0) and
likewise left at zero (0) for the parallel time period. 15 The parallel time period is ended whenever an

|
LF2 signal havify & 1éiigth shdfter thalFthe T2 imit 1&igth i€ Thedstred HUARG theparaligFtime
period. Likewise; ¢he paralleltine period-isaerminatéd 2wheneves thelglédtrical veltagenwas less

than a terminatiga voltage fanafirst texminatiomtimerspan, eewbengver po LE2 signal wassmeasured
for a time pgriodch%vig? tlle Ieengh 8f a second termination time span. 25 By contrast, an arcing fault is
reported if a number of B 2p5|gna?s was measured within the parallel time period, the time interval
between two successive HF2 signals in each case being greater than or equal to a 30 first arcing fault
time span. In thisrcasenonewf thedatervals betweesartwaelettherldiE2 signals isi greaterrthansor equal to

a second arcing,faulf time spam Ihe [atter.being greatgr thap or gaual to fhe first afging, fault time span.

35 The number of HF2 signals which lead to a reported arcing fault is dependent on possible LF2
signals within a thifd afgind faditfBspahl The thtdarGing falilt tifie span derfotés tHe temporally
first sectiorof théparalieltime periad. If a number of LER sigmnats-which dies betweeh)a second

an accumulation 1is identified, the WET1l accumulation
counter is incremented by one (1). In other words, the
counter reading of the WET]1 accumulation counter is
incremented by one (1) as soon as an accumulation is
15 identified within the electrical current of the
electrical circuit. With each further identified
accumulation, the counter reading of the WET1
accumulation counter is incremented by one (1) as long
as the time interval between two successive
20 accumulations is greater than a first accumulation time
and less than a second accumulation time. If this is
not the case, then the WETl accumulation counter 1is

reset to zero (0).

25 If the counter reading of the WET1 accumulation counter
reaches an accumulation value, then a waiting period is
started and the counter reading of the WET1
accumulation counter is not changed further in
particular during the waiting period. If, during the

30 waiting period, two successive accumulations have a
time interval which is less than a third accumulation
time, then the waiting period 1is terminated and the
WET1l accumulation counter is set to zero (0). Likewise,
at least one LF1 signal, preferably one, two or three

35 LF1 signals, leads to a termination of the waiting
period and a resetting of the WET1l accumulation counter
to zero (0). If the waiting period ends regularly, that

is to say if the waiting period is not terminated, then



5 arcing fault number and a third arcing fault number inclusive is measured within the third arcing fault
time span, then the number of HF2 signals leading to the reporting is greater than or equal to a first
arcing fault number. In particular, the third arcing 10 fault number is greater than the second arcing
fault number. If a number of LF2 signals which is greater-than the third arcing fault number was
measured within the third arcing fault time span, then the arcing fault is reported only after the

measurement of 3 number,gf 15.Hir2 sigaals-that is greater than orequal 1o .a;fourth,arcing fault
number. The object relating to the method is likewise achieved by means of the features of

independent claili 3. Th&2 % dependentclaimsreferringtheretorelateto advantageous developments
and configurations. The method uses a counter designated hereinafter as WEI2 accumulation counter,

and an LF1 counter.dJponsthe 25start oftheimegthed,the WER, accyydationcounter andthe LF1
counter areSin e'i\cpnc S€ set 10, zero (Q().eg StGe VgEl%i%%ﬂrlnucl%tieoneﬁ%u ter. iga ro, (Q))raenn an
accumulation is idéntifie , fﬁ%t\R/E}f accumufation counter is incremented y one d . In"other words,
the 30 counter re&ding'af theAWEX déctmaraticrP EainTter is ncrerhentetbytiie (1Pas’§66h as an
accumulation is identified witkinithe:electdeal currgntiaf theselectreal Gircuit. Mith each fusther

identified accumylation, cEQ%_ cou nter readjng of the é/glg.}%_%g@ggﬂmulgg%%gggnteriig incremented by

one (1) as long as the time interval between two successive accumulations is less than the third

accumulation tim8 S #BHECTimuRifioR s méhsured afte? oh8of Bt atGrhulatiBis ot altite period
that is greafer thiah aathirchaccumulationtime sthenleithertthedVEI2 actemulatiorn: ¢ownterlis set to zero

(0) if the counter readingQf the,WEI2 accumulationepunterjs.less;than, 2. orequal tgafirst WEI2 limit
value, or an LFEEeriod is started if the counter reading of the WEI2 accumulation counter is greater

than the first WERSimittvatde! In pattichfar, the' ounter rehding of the WE R &Ccumititation Sounter is
not incremented'fifther 20within #e. DFE petiodnEach LF1 signal méasuredmwithid the LEpériod leads

to an incrementingrefithe & Flgounter by-ene (1)) Ifthe countes seading of thenkFbcounter exceeds a
VVEQlMﬂE5

The parallel time period 1is ended whenever an LF2
signal having a length shorter than the LF2 limit
length 1s measured during the parallel time period.
Likewise, the parallel +time period 1s terminated

20 whenever the electrical voltage was less than a
termination voltage for a first termination time span,
or whenever no LF2 signal was measured for a time
period having the length of a second termination time
span.

25
By contrast, an arcing fault is reported if a number of
HEF2 signals was measured within the parallel time
period, the time interval between two successive HF2
signals in each case being greater than or equal to a

30 first arcing fault time span. In this case, one of the
intervals between two of the HF2 signals 1s greater
than or equal to a second arcing fault time span, the
latter being greater than or equal to the first arcing
fault time span.

35
The number of HF2 signals which 1lead to a reported
arcing fault 1is dependent on possible LF2 signals

within a third arcing fault time span. The third arcing



15 value, then an arcing fault is reported. If the counter reading is less than the WEI2 limit value after
the LF period has elapsed, the WEI2 accumulation counter and the LF1 counter are in each case set
to zero (0). 20 In one expedient embodiment of the invention, the electrical voltage is monitored. If, for
a time period that is longer than a second SPG time span, the electrical voltage is less than an SPG
voltage, then the WEI2 accumulation counter and the LF1 counter are 25 set to zero (0). In this case,

the SPG voltage-is advantageously.constanthut.qan likewise be avariable threshold yalye below or

above a desired voltage. The two counters are likewise reset if the lengths of two successive high time
spans differ by mofe Hidna ttfird 30 8P & Gime™$pan. The term high time spans denotes the time span
within which the voltage is greater than the SPG voltage. If appropriate, in both cases the LF period is

terminated if therlatter hasnaleadydegup. i the e counters should be settorzeso (Q)m35 account
of the elect$ical volta%eg th n uttﬂ% WEI2 accumulation cwﬁer and the LF1 %%%qtgr are ubsequently

. d
not altered for aTirSt SPG time spaﬁ.ur@%]édlgﬁ)t Y, the 2 ‘accumulation counter and the LF1

counter are resett6 7éfd () and notaferetduriig the Bubsequentpardlleptimesericd if ah LF2 signal
is measured which-kas solengthigreater-than thenldke2 linit 5 fgrgths 1y sambinatien therewith, the LF

period is terminated if y“éepl&tftgm S airgadgr%eog&g\: Ancﬁgclilng fault 'gq@g?rtegcjf within the parallel time

period between all successive HF2 signals the time 10 interval is greater than or equal to the first

arcing fault time®Sgai Whé i bne"oFthe intervals Ragreater than or'etfualtB the setbRd Hcing fault
time spanl Ih thiSaake, themumber of HEZsigaals Wwhich |edds te the reporingiis degendent on

possible LF2 15 signals which are meggured within the third,arcing fault time spanofdhe parallel ime
period in the electrical current, If the number of me?Lsured LF2 signals is greater than.or equal to the

second arcing faultAumBer anti-fels tHan dequal to the'third ]érc%ﬁ?gs 2§ fatiftiimbetr tHen the arcing
fault is reportedtifi@ nanbed of HF 2rsigials Whichieorrespends bl feast teethefirstarcingfaalt number

was measured within the patalieldime, periad: H the sumbek of measured i F2 signalsis grgater than
the third aycing number, 25 q?en the arcing fault is reported only after a number.of HF2 signals
that is grgﬁer tt%gqrselq%%?tlosthté Sﬁrthlestrc%g %ﬁ%uﬁh er. The p%?zfli%[tir%g paeriofé-) %rgr%ded and no
arcing fault 30 istFeportedtif iring e Parallel time period, the length of an LF2 signal is shorter than
the LF2 limit length or no LF2 signal was measured for a time period having a length corresponding at

least to the lengif gf th pecond teymingtiondine faan. i the. eladirionl 35 Ypltaos, should e less than

the termination voltage within the parallel'time period for the first termination time sgan, then the
parallel time pefidd I8 8R0&d &id rid rcihGFault [Srepdrted éitieFndent  claim 3. The

20 dependent claims referring thereto relate to

advantageous developments and configurations.

The method uses a counter designated hereinafter as
WET2 accumulation counter, and an LF1 counter. Upon the
25 start of the method, the WET2 accumulation counter and
the LF1 counter are 1in each case set to zero (0). If
the WET2 accumulation counter is zero (0) and an
accumulation is identified, the WET2 accumulation
counter is incremented by one (1). In other words, the
30 counter reading of the WET2 accumulation counter is
incremented by one (1) as soon as an accumulation is
identified within the electrical current of the
electrical circuit. With each further identified
accumulation, the counter reading of the WET2
35 accumulation counter is incremented by one (1) as long
as the time interval between two successive
accumulations is less than the third accumulation time.

If no accumulation 1is measured after one of the



- 10 - The object relating to the method is likewise achieved by means of the features of independent
claim 6. The dependentclaimsreferringtheretorelateto 5 advantageous developments and
configurations. The method provides for using a serial time period. If an HF2 signal is registered
outside the serial time period in the electrical current, then the serial time 10 period is started. The LF1
signals possibly present in the electrical current are counted in the serial time period. In this case, only

those LF1 signals.arg.caunted between whieh there is-a fime perjodlying between afifth termination

time span and a sixth 15 termination time span, the fifth termination time span being less than the sixth

termination time Spar- In & firStMEasuretlent phase of the $dtial tifne Péfiod, Which be§ils with the
start of the serial timenpéridd, the FF2rsigmals possibly preseat in thé kelectricall20 carrehtare counted.

In this case, onlydhese\HF2 signals arg-eounied-whese tima,intesval relativesto the gespestive
preceding |5|F2 séi%nal IiegPetEV\éeen affougtje twﬁniigatt'hgn tirpe \S;g%gnd a thig%teﬁrpination time span,

the fourth términation time span ﬁeinglf%ss than 25 the third termination time span. it one ot the

intervals shouldige gréater fivah thé third-terminaton fiffe spanathiendthe fifst measuretfieht phase is
terminated and thecserial sime-period is.also ended 3@ Hithe nurhber ot HE2 signals cowrted within the
first measurement phase is,equal tg a 'ras}%gall%%rpbeghgh%emg&m;% asj;gﬂ%stggintghtge serial
time period is counted among the number of counted HF2 signals, then a holding period Is started. In
particular, the 38%ifst nieastrémeérit shaseiRBHde if tie MiMberBFremented ™ further

10 within the LF period.

FEach LF1 signal measured within the LF period leads to
an incrementing of the LF1 counter by one (1). If the
counter reading of the LF1 counter exceeds a WET2 limit
15 value, then an arcing fault is reported. If the counter
reading is less than the WET2 limit value after the LF
period has elapsed, the WET2 accumulation counter and

the LF1 counter are in each case set to zero (0).

20 In one expedient embodiment of the invention, the
electrical voltage 1is monitored. If, for a time period
that 1s longer than a second SPG time span, the
electrical voltage is less than an SPG voltage, then
the WET2 accumulation counter and the LF1 counter are

25 set to =zero (0). In this case, the SPG voltage is
advantageously constant, but can likewise be a variable
threshold wvalue Dbelow or above a desired voltage. The
two counters are likewise reset if the lengths of two
successive high time spans differ by more than a third

30 SPG time span. The term high time spans denotes the
time span within which the voltage is greater than the
SPG voltage. If appropriate, in Dboth cases the LF
period 1is terminated if the latter has already begun.
If the two counters should be set to =zero (0) on

35 account of the electrical voltage, then the WET2
accumulation counter and the LF1 counter are

subsequently not altered for a first SPG time span.



measured HF2 signals is equal to the first serial number, and the holding period is started suitably
thereafter. In this case, in particular the first measurement phase comprises that temporally last HF2
signal by means of which the number of measured HF2 signals corresponds to the first serial number,
since the temporally last HF2 signal ends the first 5-measurement phase and does not start the
holding period. After the holding period has elapsed, in a preferably directly following second

measurement phase. fhe HA2,10 signalg;pessibly presentinhe elegtrical current are. counted whose
time interval relative to the precedln%HFZ signal lies between the fourth termination time span and the

third terminatior-fie Span.IF Gne 6Fthe intérvalS sRould be gréatéttharttheShitd tefthination 15 time
span, then the seltond wirsasurementphraselis tetminateecanicdtheiseriahtiméetiodris alsbsended. In
particulalrl, the t&ﬁ@%@@ﬂ%ﬁ;&bﬁ%ﬁi%@ oglthge%@?]d @;ﬁ%@%g%meﬂ%ﬁha@ﬁﬁs hg@l:zint@%ﬁfithe )
temporally succeeding,HF2 signa in relation to the first time interval that lies, between the
fourth termination fie span and H TR e ation tmd Spah. If f& nuMiber 6T HES sighals counted
within the secorfeeiidasarerent phiake is efhaito s Secontcsetial Aafiber, 25 the number of LF1
signals is checked. In particular, the second measurement phase is ended if the number of measured

HF2 signals is equalto the segond sedal number, and the 36qa) fime period, s likewjse epded suitably.

If the number of LF1 signals counted within 30 the serial time period is greater than a third serial

number, or if thé Rtrber of EE1gnale tounteF WiRAfthe setiaf tinfe-geRddis égal tbRE third serial
number, and noifurtherkbE1 signalweas registéred immthe etectricat curtént foriat deast thet fifth

termination 35 time, span aftgrtheslasthcounted LEd signalean arcing fault isrepprteds - 125 In one
expedient embodiment of tg?tinvention, the Zlectrical voltage is monitored. If,éoﬁr@time geriod that is

longer than the 36E6HE"SPG e SPan thieledtrical Voltage iR 18ssthan the voltag&Sthen

span. In this case, the number of HF2 signals which
leads to the reporting is dependent on possible LF2
15 signals which are measured within the third arcing
fault time span of the parallel time period 1in the
electrical current. If the number of measured LF2
signals 1s greater than or equal to the second arcing
fault number and less than or equal to the third arcing
20 fault number, then the arcing fault is reported if a
number of HF2 signals which corresponds at least to the
first arcing fault number was measured within the
parallel time period. If the number of measured LF2
signals 1is greater than the third arcing fault number,
25 then the arcing fault is reported only after a number
of HF2 signals that 1s greater than or equal to the

fourth arcing fault number.

The parallel time period is ended and no arcing fault
30 is reported if, during the parallel time period, the
length of an LF2 signal 1is shorter than the LF2 limit
length or no LF2 signal was measured for a time period
having a length corresponding at least to the length of
the second termination time span. If the electrical
35 wvoltage should be 1less than the termination wvoltage
within the parallel time period for the first
termination time span, then the parallel time period is

ended and no arcing fault is reported either.



5 the serial time period is ended if the latter has already begun and is not started for the first SPG time
span. In other words, an HF2 signal measured within the SPG time span does not lead to the serial
time period being started. If the lengths of two successive high 10 time spans differ by more than the
third SPG time span, then the serial time period is ended if the latter has already begun and is not
started for the first SPG time span. 15 Advantageously, the serial time period is ended if the latter has
already begun and in any case is not started for the parallel time period if an LF2 signal is measured
which has a duration longer than the LF2 limit Iegr%th. If, during the parallel time period for a time 20

period having the 1ength-of tive SEcahd tePminati ﬁm@estb%ﬂ?gnd‘ EF2 Signat as AeEsured, or if the
length of a measwredieF2signal isless thantthed F2 dimit lenttheordit the eldotrical voltadgeswas less

than the terminatioparltage for the firstderminatioan-time25 spane:thenthe parallel ime pegod is
ended. If, vxg";hinatggfg%rpgoreaollggir%;[ section oé the pa&%l;l tim&period having the length of the third

arcing faulttime span, a number o TF2 signa s?ﬁma 58%@%%@&%%?&% the parallel time period
likewise being counted among them, is counted which lies between the second arcing fault number
and the third arcing fawditisaberipelusive and@a number of HR2-signals isieowded wdnichris greater

than or equal to the fg§53553£8mgfauit§1uglg§£, Jthan an arging, Ea&gtlistrﬁgorge& It more szg signals

are measured in the first section, the LF2 signal that starts the parallel time period likewise being
Cow“edawmnggﬁéﬁqﬁyéqh&pgn%$ﬁﬁ§rlcal current, then the serial time
10 period is started. The LF1 signals possibly present in

the electrical current are counted in the serial time
period. In this case, only those LF1 signals are
counted between which there 1is a time period 1lying
between a fifth termination time span and a sixth
15 termination time span, the fifth termination time span
being less than the sixth termination time span. In a
first measurement phase of the serial time period,
which begins with the start of the serial time period,
the HF2 signals possibly present in the electrical
20 current are counted. In this case, only those HF2
signals are counted whose time interval relative to the
respective preceding HF2 signal lies between a fourth
termination time span and a third termination time
span, the fourth termination time span being less than
25 the third termination time span. If one of the
intervals should be greater than the third termination
time span, then the first measurement ©phase 1is

terminated and the serial time period is also ended.

30 If the number of HF2 signals counted within the first
measurement phase 1is equal to a first serial number,
wherein the HF2 signal starting the serial time period
is counted among the number of counted HF2 signals,
then a holding period 1is started. In particular, the

35 first measurement phase 1is ended 1if the number of
measured HF2 signals 1s equal to the first serial
number, and the holding period 1is started suitably

thereafter. In this case, 1n particular the first



- 13 - fault is reported only after at least a number of HF2 signals that is greater than or equal to the
fourth arcing fault number has been counted in the parallel time period. In both cases, only the HF2
signals whose 5 time interval relative to the respective directly preceding HF2 signal is greater than the
first arcing fault time span are counted within the parallel time period, and the arcing fault is reported
only if one of the intervals is greater than or equal to the second 10 arcing fault time span. The object

relating to the m@é@%@émgseﬁqgiggedcg}ﬁmsof t@ﬁa{gat%r&%ﬁgﬁqqunq%@lamg. 15 If an

LF2 signal is measured which has a duration longer than the LF2 limit length, then the parallel time

period is started THethirdarcifg Talit tiffe spanTikewiss begins 8achtme Wittt tHe Paratiet time
period. The paralled timespetiodris ended swhenever 20 éithertansisE2 signalwitiose lergth ésshorter

than the LF2 limitlength isimeasured, orithe €lectiical voliage 9f the glectrical gircuit wasdess than the
termination_voltage for the flrsg termination time span, or no Io_lgz signal )égastrpl%as%%q far a time period

having the ?eng ffgft%rges%cong?gr?nematlon time span. ﬁ, within the third arcing auﬁlﬁﬂ% span, a

number of LF2 $ighalsdnhat lies between a second arcing fault number and a third arcing fault number
inclusive and a 30 number of HF2 signals that is greater than or equal to a first arcing fault number are

measured, then 4 arcingifault,s saperied, i the umber ghLE2 signals megsied i fhe third
arcing fault time span is greater than the third arcing fault number, then an 35 arcing fault ig reported if

the number of HEX§ighal® relgiStérstdiding B paraliet fifter et exedédSthe the

10 signals possibly present in the electrical current are
counted whose time interval relative to the preceding
HEF2 signal 1lies between the fourth termination time
span and the third termination time span. If one of the
intervals should be greater than the third termination
15 time span, then the second measurement phase 1is
terminated and the serial time period is also ended. In
particular, the temporally first HF2 signal of the
second measurement phase 1is counted if the temporally
succeeding HF2 signal has in relation to the first a
20 time interval that lies between the fourth termination

time span and the third termination time span.

If the number of HF2 signals counted within the second
measurement phase 1is equal to a second serial number,
25 the number of LF1 signals is checked. In particular,
the second measurement phase is ended if the number of
measured HF2 signals 1is equal to the second serial
number, and the serial time period is likewise ended
suitably. If the number of LF1 signals counted within
30 the serial time period is greater than a third serial
number, or if the number of LF1l signals counted within
the serial time period is equal to the third serial
number, and no further LF1 signal was registered in the
electrical current for at least the fifth termination
35 time span after the last counted LF1 signal, an arcing

fault is reported.



fourth arcing fault number. The third arcing fault - 14 - number is suitably greater than the second
arcing fault number. The arcing fault is reported in both cases, however, 5 only when the time interval
between in each case two directly successive HF2 signals within the parallel time period is greater
than or equal to the first arcing fault time span and-ongeof-the intervals is greater than or equal to the
second arcing fault time 10span. At least a number of the methods described suitably proceed in

parallel with one;gnothgr, pr(ggpgg that-they.are not mutuallyexclysive.;15,The pg}gct relating to the
circuit breaker is achieved according to the invention by means of the features of claim 10. The

dependent claints fetefring theréta réldfe 16 adVaRtaG86GS developmérits and BRfigiTatioNs. 20 An
electrical circuitthaging an eléctricalvoltagen antélectrical cidentand atsystemsirequendyhis monitored

by means of theaircuitbreakers,fhe gireuitibreaker ds proyided and designed forfarrying.qut at least
one of 25 tr%e mg@eodss%%sicarlipedt%tr)noeve. In E%ti ul% thg I%i;{(e:%it blr%ak%rhhas fargggitorin unit for the
electrical voltage and a monitoring unit forthe electrical curren , such that LF S|gna?s, LFZ signals
and/or HF2 signals €an' Be ifehitified"The fonitbrifi§ &hits are 30 ekpediéntly Eonfifuréd iesuch a way
that the signals eaabe determined directlysfromiherespeciive measusement variables, that is to say

that the measurgg@ntt\ﬁ{'éab%alfrqr g%%rgplg 6‘@‘9% gg%fir%y kg% r%ragggﬁrgg ing%\lge equency domain

and analyzed 35there. - 15 - independent methods above. In this way, a large number of different
types of arcing faGhean B&ddéritified. Advaragdsush: tie MEthbds aré PerformedSsimditdheously,

provided that they are nobmeatudllyfer by more than the third SPG time span,
then the serial time period is ended if the latter has
already begun and is not started for the first SPG time

span.

15 Advantageously, the serial time period is ended if the
latter has already begun and in any case 1is not started
for the parallel time period if an LF2 signal 1is
measured which has a duration longer than the LF2 limit
length. If, during the parallel time period for a time

20 period having the length of the second termination time
span, no LF2 signal was measured, or if the length of a
measured LF2 signal is less than the LF2 1limit length,
or if the electrical voltage was less than the
termination voltage for the first termination time

25 span, then the parallel time period is ended.

If, within the temporally first section of the parallel
time period, having the length of the third arcing
fault time span, a number of LF2 signals, the LF2
30 signal that starts the parallel time period likewise
being counted among them, is counted which lies between
the second arcing fault number and the third arcing
fault number inclusive and a number of HF2 signals is
counted which is greater than or equal to the first
35 arcing fault number, than an arcing fault is reported.
If more LF2 signals are measured in the first section,
the LF2 signal that starts the parallel time period

likewise being counted among them here, then an arcing



5exclusive. The circuit breaker suitably has an interruption unit. The interruption unit interrupts the
electrical circuit as soon as an arcing fault is reported. In this way, 10 the arcing fault is ended, such
that uncontrolled discharging of a possible battery is ended or thermal heating of the components or of
the environment of the electrical circuit is prevented. 15 The described methods and the circuit breaker
are suitable, in particular, for an electrical circuit having a system frequency of 400 Hz, use at a system

frequency of between 300;Hz.apd 1. kl4z alse being.conceivable Likewise, an,applicationin an
electrical 20 circuijt having a lower system frequency through to algé%)ﬁllcatlon in an electrical circuit

within which a DC &liftefit flotk’lis diSo coriceivable RaVantdges he-8lectfi€al vélthge of the
electrical circuitds t15¥ of belween 22eV ahd 230Vein pagticulad atileast bae 25 of thesmhethods or

the circuit breaker is-employed within anelectrigcakeircult,of an-aircraft-or is used theren o &n exemplary

embodime%t of the invention is exPIaine 30 in greater detail below with reference to a r?wing, in
. me lnﬁerva rela lv% . Lo % e .reﬁq$c %ve irec
which: figure 1 schematica y shows an €electrical circuit with a circuit'breaker, 35 figure ows a

number of LF1 &S Sighdls Higure 3Ehows aSnuiilset 'oFHF2 signals Figdire 4 Shows a timber of
accumulations, £zk61+figutend shows a fitst methattfos identifying anrarcing fault figure trshows a
second methOdé%@?%ﬁt,'fyg‘r%a”c%@'@rfé%f figyre, 7 shows a third method farddentifying an arcing
fault, figure 8 shows a fourth method for identifying an arcing fault, and figure 9 shows the temporal

profile of an ele&thigal 1BVEKAGe: Mutdallj coireSpondiiy parts aréprovided withthe*§amBYeference

signs in all the figuresig fault time span.

The object relating to the method is likewise achieved

by means of the features of independent claim 9.

15 If an LF2 signal 1is measured which has a duration
longer than the LF2 1limit 1length, then the parallel
time period 1s started. The third arcing fault time
span likewise begins each time with the parallel time
period. The parallel time period 1is ended whenever

20 either an LF2 signal whose length is shorter than the
LF2 limit length is measured, or the electrical voltage
of the electrical circuit was less than the termination
voltage for the first termination time span, or no LF2
signal was measured for a time period having the length

25 of the second termination time span.

If, within the third arcing fault time span, a number
of LF2 signals that lies between a second arcing fault
number and a third arcing fault number inclusive and a
30 number of HF2 signals that is greater than or equal to
a first arcing fault number are measured, then an
arcing fault is reported. If the number of LF2 signals
measured within the third arcing fault time span 1is
greater than the third arcing fault number, then an
35 arcing fault 1is reported if the number of HF2 signals
registered during the parallel time period exceeds the

fourth arcing fault number. The third arcing fault



15 Figure 1 illustrates an electrical circuit 2. The electrical circuit 2 comprises an electrical current
source 4 having two terminals 5, 6 one of the terminals 6 being electrically connected to ground. Said
terminal 6 is electrically connected to a load 10 via an 20 electrical line 8. The load 10 is, for example,
an electrical servomotor, a lamp, or a sensor. A circuit breaker 14 is electrically connected to the load
10 via a further electrical line 12, the circuit breaker 14 being connected to one of the terminals 5 of the
25 current sourcg g, Ehe circuit reaker, 14 is.designed,to-identify arcing faults 16, within the electrical
circuit 2 and to interrupt the electrical circuit 2 by means of an interruption unit 17 after identification.
The arcing fault 18'5Ecurs for example between the 30 electrical line 12 and a further element 18
connected to ground, wherein for example an insulation of the electrical line 12 is damaged in a region
20 in the vicinityrofthe element 18 connected te greund; By way of exampleseithgr aires.an electrically
conductive 535 Ii%%ig suwh ass It eWatt(elr iGn plarq;icceurl%rél is Siiaté' gveede%etw%en thg elerréent lg qu;\gd the
electrical line. The aSFcing Faulti can a‘i%o occur along the'e ectrical fine I2°- 17 < The clirent source
4 supplies an el@étfieal cufreftZZ Sitiieh & fotfekanipleéBhlAC élrFéhthavifiga siidsoidal lprofile and
has a rated currentintensityi dhe 5 electriealtwottager2hgenerateddpyimeass afitbe ceitrent source 4
has a similar pr%fy%,iiﬁsqratggd/ﬂtaggi\(@éue St%%qlg 115 volts, for example. The frequency of the current

22 and that of the voltage are in each case equal to a system frequency 26, which is 400 Hz, in 10
particular. The elé&AEATCirtlit2 iLprefstably rédlizéd in aitairdiaft SExpetiientlyUthe tériiRal 6 is at
the same Electrisabpotential as the skin of the aircraft. It is likewise conceivable that, if the electrical
circuit 2 is not realized in an aircraft, 15 the terminal 6 and the element 18 are grounded. Figure 2
shows a number of interference signals 28 within the temporal profile of the electrical current 22. In
this case, the profile of tHe elettrical tlrfent is fOTP%Eg&% e riot Sifussidal, Bt rather in
particular with regard¢e ¢omparativeadaselof explanatior, rectaridutar. Howeverdthis doestnot restrict

the invention in apy way:-25nkhe frequency.ofeach of the signals 28 lies below an

15
The object relating to the circuit breaker is achieved
according to the invention by means of the features of
claim 10. The dependent claims referring thereto relate
to advantageous developments and configurations.

20

An electrical circuit having an electrical voltage, an
electrical current and a system frequency is monitored
by means of the circuit breaker. The circuit breaker is
provided and designed for carrying out at least one of
25 the methods described above. In particular, the circuit
breaker has a monitoring unit for the electrical
voltage and a monitoring unit for the electrical
current, such that LF1 signals, LF2 signals and/or HF2
signals can Dbe identified. The monitoring units are
30 expediently configured in such a way that the signals
can be determined directly from the respective
measurement variables, that is to say that the
measurement variables for example need not firstly be
transferred 1into the frequency domain and analyzed

35 there.

In one advantageous embodiment of the invention, the

circuit breaker is designed to carry out all of the



LF1 frequency 30, which is 30 kHz in particular. The electrical current 22 of the first of the interference
signals 28 lies above an LF1 limit threshold 32, which amounts to one third of the rated current, for
example. 30 This interference signal 28 is designated as an LF1 signal 34. The third of the
interference signals 28 likewise meets the two criteriagef an LF1 signal 34, according to which the
frequency of the interference signal 28 is less than the LF1 frequency 30 and 35 according to which

the electric_al cugrga_gg%g&g}pcinggé@g%e signal 28 i§lgre@}{§rsth@g le IaE]igrpgéhr%gglgISZ. In this
case, the first LF1 signal 34 is longer than the second LF1 signal 34, that is to say - 18 - that the

temporal length ®f the firSEEET SighdPS4is GreaterthaR the'tehiporal tength ofthe ‘secofid LF1 signal
34. The secondf the: inmerferents signals 28€s not ancltFPdignal 34ssince, althetighdthadequency of

5 the interference; signak2@ isdess thanthe LGk frequeney 30nthe elgetrical current 22-duripg the
duration ofEIJhe secng interference signal 28 is also less than the LF1 limit threshold 32. 10 If the

frequency of the individual iriterference signals 28 is less than an LF2 frequency 36, which is 400 Hz,
for example, and in particular is equal to the system frequency 26, and the electrical current 22 is also
greater than an tk limitthresholsl-38,kehiclsisitably has an interruption unit.

The interruption unit interrupts the electrical circuit
as soon as an arcing fault 1is reported. In this way,
10 the arcing fault is ended, such that uncontrolled
discharging of a possible battery 1is ended or thermal
heating of the components or of the environment of the

electrical circuit is prevented.

15 The described methods and the circuit breaker are
suitable, 1in particular, for an electrical circuit
having a system frequency of 400 Hz, use at a system
frequency of Dbetween 300 Hz and 1 kHz also being
conceivable. Likewise, an application in an electrical

20 circuit having a lower system frequency through to an
application in an electrical circuit within which a DC
current flows is also conceivable. Advantageously, the
electrical voltage of the electrical circuit is 115 V
or between 220 V and 230 V. In particular, at least one

25 of the methods or the circuit breaker 1is employed
within an electrical circuit of an aircraft or is used

there.

An exemplary embodiment of the invention is explained
30 in greater detail below with reference to a drawing, in

which:

figure 1 schematically shows an electrical circuit
with a circuit breaker,
35 figure 2 shows a number of LF1 or LF2 signals,
figure 3 shows a number of HF2 signals,

figure 4 shows a number of accumulations,



15 suitably equal to the interference signals 28 are 40. The difference between rated current,then the
designated as LF2 signals the LF1 signal 34 and the LF2 signal 40 is thus merely the respective
thresholds of the frequency and also of the electrical current 22 20 of the respective interference
signals 28. In particular, the interference signal 28 designated as LF2 signal 40 is also designated as
LF1 signal 34. The circuit breaker 6 suitably analyzes the temporal 25 profile of the electrical current

22 and derives therefromdhe freguency of the possible interference signals 28 47 comparigon with, for
example, a Fourier analysis of the profile of the electrical current 22, this has the advantage that the

frequencies of the 30 interferéfice Signas™2g ¢an be analyzed within a specific time range, without
having to expect possibletartifdcts'on accoantcofithe tempbral linfitationiof¢hg 1fying an

arcing fault,
5 figure 7 shows a third method for identifying an
arcing fault,
figure 8 shows a fourth method for identifying an
arcing fault, and
figure 9 shows the temporal profile of an electrical

10 voltage.

Mutually corresponding parts are provided with the same

reference signs in all the figures.

15 Figure 1 illustrates an electrical circuit 2. The
electrical circuit 2 comprises an electrical current
source 4 having two terminals 5, 6 one of the terminals
6 being electrically connected to ground. Said terminal
6 1s electrically connected to a 1load 10 wvia an

20 electrical 1line 8. The 1load 10 1is, for example, an
electrical servomotor, a lamp, or a sensor. A circuit
breaker 14 is electrically connected to the load 10 via
a further electrical line 12, the circuit breaker 14
being connected to one of the terminals 5 of the

25 current source 4. The circuit breaker 14 is designed to
identify arcing faults 16 within the electrical circuit
2 and to interrupt the electrical circuit 2 by means of
an interruption unit 17 after identification. The
arcing fault 16 occurs for example Dbetween the

30 electrical line 12 and a further element 18 connected
to ground, wherein for example an insulation of the
electrical 1line 12 1is damaged in a region 20 in the
vicinity of the element 18 connected to ground. By way
of example, either air or an electrically conductive

35 liquid, such as salt water, in particular, is situated
between the element 18 and the electrical 1line. The
arcing fault 16 can also occur along the electrical
line 12.



time range. reduce the 35 likewise no Furthermore, calculation restrictions It is thereby possible
complexity, and there for the length of the range to be analyzed. - 19 - Figure 3 shows a further
temporal profile of the electrical current 22. The electrical current 22 comprises a number of
interference signals 28, the frequency of each of the interference signals 28 being 5 less than an HF2
frequency 42. The HF2 frequency 42 is 3.3 MHz, for example. Each of the interference signals 28, the
respective length of which can vary, has a time interval 44 relative to the respective preceding
interference signal 28. If, for a number of temporally, 10 directly successive interference signals 28, the

respective time interval'a4 iEess e &n HF24ithe 48° theh theSE intéfférencs Sigials 28 are
combined to formhars MF2ssigiat 48 #athe heintber dE suohrinterferércelsignals 28exeeeds an HF2

number 50 or 1% cgrresponds te thesdk2 number3Q: d he HEZ-BumberisQ istwoy in, partigldar. By way
of example, the first of the HF2 sigfr%als 48j'ljlustrated c%mgri%es four interf%rejg e signals 2%, and the
ate ©) 1

second of tﬁe HF es?&ﬁ&lgﬁ ilts ra?gtfqompﬁseélseﬁree |nte|¥err§%%855ignals , 2 whérein here the
temporally last GfTIHE ffteffefehte Bighals 28 hak adomparativély Toigrength! Fgifre @Willustrates a
number of HF2 signatls 48.1Fachb1ts, for example. The frequency of the

current 22 and that of the voltage are in each case
equal to a system frequency 26, which is 400 Hz, in
10 particular. The electrical circuit 2 1is preferably
realized in an aircraft. Expediently, the terminal 6 is
at the same electrical potential as the skin of the
aircraft. It 1is likewise conceivable that, if the
electrical circuit 2 1is not realized in an aircraft,

15 the terminal 6 and the element 18 are grounded.

Figure 2 shows a number of interference signals 28
within the temporal profile of the electrical current
22. In this case, the profile of the electrical current
20 22 is for example not sinusoidal, but rather, in
particular with regard to comparative ease of
explanation, rectangular. However, this does not

restrict the invention in any way.

25 The frequency of each of the signals 28 lies below an
LF1 frequency 30, which is 30 kHz in particular. The
electrical current 22 of the first of the interference
signals 28 lies above an LF1 limit threshold 32, which
amounts to one third of the rated current, for example.

30 This interference signal 28 1is designated as an LF1
signal 34. The third of the interference signals 28
likewise meets the two criteria of an LF1 signal 34,
according to which the frequency of the interference
signal 28 is 1less than the ©LF1 frequency 30 and

35 according to which the electrical current 22 of the
interference signal 28 1s greater than the LF1 limit
threshold 32. In this case, the first LF1 signal 34 1is
longer than the second LF1 signal 34, that is to say



point respectively represents an HF2 signal 48, wherein 25 the length of the HF2 signals 48 can
indeed vary. The time span within which the HF2 signals 48 are measured is subdivided into individual
time periods 52. In particular, the total time span for which the electrical circuit 2 is operated is
subdivided into the 30 time periods 52. The length of each of the time periods 52 is equal to an
accumulation length 54, which is suitably 100 ps. All temporally related time periods 52 within which in

each case at least oneHFE2 signal 48 was segjsteregd-are,combined tq formanaccumylation 56 35 if
the number of such time periods 52 is greater than or equal to an accumulation number 58. The

accumulation niHhB8r58 is E§GAl to fdTr, inParicdar. CoRSEderttly, at iéastTourtite périods 52

adjacent to - 20s omeadnotier ihleachcaseare tombinedntodoim onedf the asedmulafions 56 if at

It()aast one HF2d ;}gj}fll 48 was I_negjgggglir_\ g@(lzrg rg\gﬁtif@,reggqq{b{]ggﬁnet@@iogglégu{h@ﬁw&finterval
etween two directly successive signals here e either greater.or less than t

accumulatiéjn Ieﬁgﬁéﬁ/ SiIEQ)Cu %o?éree%%gr th%aﬁ%l%% le t%a%nac%:ﬁmu?a %osn Ieer%&ﬁ%4. ﬁhlg Iikg\?v%e possible

for a plurality of HEZISighRals 48 to haé deenlfieasured withik ofeof thé 4imée petisds 52220 In

particular, the length: ofieachaaf thenaccusdations 56ds eemutiiple of the accungulationdenrgth 54. By

way of exampleiggsci@ggrprggge&%cqmm@e%gfgigﬁooolrac%'szspr which can process the HF2 signals

48 in 15 each case only with a specific temporal clock corresponding to the accumulation length 54. In
particular, the circuit breaker 14 has an integration unit, which counts all HF2 signals 48 of a single
time period052, fof exampferbyneeans of @ capacitor] and@0whichforwardsthemeasuyredhembertothe

microprocessor after; the fime;period,52,has glapsed. 4f.no,HE2 signal 48 is,measuied in;one of the
time periods 52, and here in each case at least one HE2 25 signal 48 was measured within the

temporally directl préceding fihe Periods’s A\hich @t emporalfytetated “and Herd i fitimber of
such time periods isdess than #fe aceurmulation riuksisdr58; akendbeserdlatedtime also

greater than an LF2 1limit threshold 38, which 1is
15 suitably equal to the rated current, then the
interference signals 28 are designated as LF2 signals
40. The difference between the LF1 signal 34 and the
LF2 signal 40 is thus merely the respective thresholds
of the frequency and also of the electrical current 22
20 of the respective interference signals 28. In
particular, the interference signal 28 designated as

LF2 signal 40 is also designated as LF1 signal 34.

The circuit breaker 6 suitably analyzes the temporal
25 profile of the electrical current 22 and derives
therefrom the frequency of the possible interference
signals 28. In comparison with, for example, a Fourier
analysis of the profile of the electrical current 22,
this has the advantage that the frequencies of the
30 interference signals 28 can be analyzed within a
specific time range, without having to expect possible
artifacts on account of the temporal limitation of the
time range. Furthermore, 1t 1is thereby possible to
reduce the calculation complexity, and there are
35 likewise no restrictions for the 1length of the time

range to be analyzed.



periods 52 are not an accumulation 56, irrespective of 30 how many HF2 signals 48 were measured in
total in such time periods 52. In particular, the temporally last of the illustrated time periods 52 which
contain an HF2 signal 48 are not an accumulation 56. Although nine HF2 signals 48 were registered
within the three time 35 periods 52, a time period 52 gantaining no HF2 signal 48 in each case
precedes the first and the last of those time periods 52. Consequently, the number of related time

periods 52 which gontain at least gne HE2 -2+ signal 48 js.only threg, By cpptragt the second of the
accumulations 56 illustrated meets the above criteria. Although this accumulation 56 only comprises

four HF2 signal§ 48 the HE2 sighHis48in eath case i€ in & 5différent time Petiod's2, and the time
periods 52 temporalhrdisectly succeedone anéthernEigufe 5dllustrates arfiestsmetitod 60Her identifying
theharcirr]lg fault }i@-le-a%%%g’p%ﬁ' %awﬁdo&wﬁ&% m@ﬁ@@r@fr&@l ot @ nuinaberiof aggurlnalﬂltjgrés 5?]
within the electrical circuit 2 is illu ed_at the top. E ine s izes an accumulation 56, wherein
the length f)éf eacﬁ? of tr?%%gc%u%%la Fg%s E]éec%%e\?eﬁ . %?de?r%%h ét t%?i%ﬁreengﬁow%thlestemporal
profile of the 15-measdtifémehPst LFISSIgRals 3428Rd GAderfigath thatia R Re figlE SHEWws the
temporal profile of the measureraentiofd FPsignals 40. lmthisicase, teg; the length ef thenld=1 signals

34vaﬂe&\NhQQ§&g¥5%§mpﬁﬁnoE%%ggg@é4o%Uﬂe%%gedrespective preceding
interference signal 28. If, for a number of temporally

10 directly successive interference signals 28, the
respective time interval 44 is less than an HF2 time

46, then these interference signals 28 are combined to
form an HF2 signal 48 if the number of such
interference signals 28 exceeds an HF2 number 50 or

15 corresponds to the HF2 number 50. The HF2 number 50 is
two, in particular. By way of example, the first of the

HE2 signals 48 illustrated comprises four interference
signals 28, and the second of the HF2 signals 48
illustrated comprises three interference signals 28,

20 wherein here the temporally last of the interference

signals 28 has a comparatively long length.

Figure 4 illustrates a number of HF2 signals 48. Each
point respectively represents an HF2 signal 48, wherein
25 the length of the HF2 signals 48 can indeed vary. The
time span within which the HF2 signals 48 are measured
is subdivided into individual time ©periods 52. 1In
particular, the total time span for which the
electrical circuit 2 is operated is subdivided into the
30 time periods 52. The length of each of the time periods
52 is equal to an accumulation length 54, which 1is
suitably 100 us. All temporally related time periods 52
within which in each case at least one HF2 signal 48
was registered are combined to form an accumulation 56
35 if the number of such time periods 52 1is greater than
or equal to an accumulation number 58. The accumulation
number 58 is equal to four, in particular.

Consequently, at least four time periods 52 adjacent to



20 If a number of accumulations 56 occurs, a waiting period 62 is started, which amounts to 100 ms, in
particular. The number of accumulations 56 which lead to the start is equal to an accumulation value
64 25 amounting to five, in particular. In this case, the time interval between in each case two of the
accumulations 56 is greater than or equal to a first-acggmulation time 66 and less than or equal to a
second accumulation time 68. The first accumulation time 66 is 30 1.6 ms, for example, and the

second accumulgfion ime 68 is 23 ms, Jpparticular. The accymulations 86 arg juitahly cunted by
means of a WET' accumulation counter 70. In each case at the beginning of the method 60, the WET'

accumulation coubter™/is8et 16 285°35 (0) ‘ForBvery 8ase WhEre the WE P dccumulafidon counter
70 is zero (0), theceoumterrerdirpofthe WETcacctmmdation eountee7 @ isrineremeérted Bywone (1) as

soon as an accumplation $6ds identified withimther 22 - glectrical gurrent-22 ot the-elegtrigal circuit 2.

Whenever an incrementing gé%he WET' cce:urglilgg%n countert70 IS foorIIO\qA/%d by a furthe%\%cumulation

56, the time interval be v?/eer] which and the temporaﬁy 596%%%9 accumuﬁgtion%%nls greater than or
equal to the firsP&ccumiatiorPiimeeBIand fess thar ofequalts e Sedomiactumiuigtion ime 68, the
WET' accumulatier eauntet 70rs inerernented a furthetr imei Hdhe tmeprterab between two

successive 10 aceymuiations 5Gis legs than gy, greatey than the first accyspulatiop time, 68 pr the
: h . ;

second accumulation time 68, the WET" accumulation counter is reset to zero (0). After the counter
reading of the WE T Hceutfatin 15 2olnte? 78HasYeachéd the accumulation value 64, the waiting
period 6219 started. If, within the waiting period 64, an LF1 signal 34 is measured or two successive

aCC_l_JmU|ati9nS %h@&%ﬂm@ﬁwﬂ@i%ﬁg}% US'@”_ adhird @§C%gla%%ﬂm@ﬂ% then, the_20
waiting period 62és terminated and {he WET' accumulation counter 70 is set to zero (0). The third

accumulation timé 72s Suif3bly aqudl t61.57M3. ACCUMUIIAT6RS B6 halihga time intérvAfWhich is
greater than thexthird ageumukation tifne 72hiavefoic 25 éxanplemo influencerapthesvaiting period 62

and the WET" agclinulation ceunter 704 Afterdhe termination efithe waiting ipariod624 upem each
further acE%muIati%%SG tthWET'Oan umula&i(t)rg1 30 coungerei% ilnrclr%me%te% bé/ or}e (1)C S I%ng as the
accumulations 56 meet the above critéria. %, within the wﬁtlng period ze Ho LF signa B4is
measured, and pssiBleRscedimiflatiohs 56 hade a ffeterealwhich isgteater thah the third
accumulation time72; adsteport 14 of the-arcingdauwlt 1614 dutputas an integration

unit, which counts all HF2 signals 48 of a single time
period 52, for example by means of a capacitor, and
20 which forwards the measured number to the

microprocessor after the time period 52 has elapsed.

If no HF2 signal 48 is measured 1in one of the time
periods 52, and here in each case at 1least one HF2
25 signal 48 was measured within the temporally directly
preceding time periods 52 which are temporally related,
and here the number of such time periods is 1less than
the accumulation number 58, then these related time
periods 52 are not an accumulation 56, irrespective of
30 how many HF2 signals 48 were measured in total in such
time periods 52. In particular, the temporally last of
the illustrated time periods 52 which contain an HF2
signal 48 are not an accumulation 56. Although nine HF2
signals 48 were registered within the three time
35 periods 52, a time period 52 containing no HF2 signal
48 1in each case precedes the first and the 1last of
those time periods 52. Consequently, the number of

related time periods 52 which contain at least one HF2



- 23 - method 76, the accumulations 56 present in the electrical current 22 are counted. In contrast to
the above method 60, only the accumulations 56 whose time interval is less than the third
accumulation time 72 5 are counted in this method 76. In this case, a WEI2 accumulation counter 78 is
expediently used. At the beginning of the method 76, the counter reading of the WEI2 accumulation
counter 78 10 is set to zero (0). Whenever the WEI2 accumulation counter 78 is zero (0), the counter

reading of the WEI2 accumullation counter 78.is ineremented by one:(l). as sogn as an aggumulation

56 is identified within the electrical current 22 of the electrical circuit 2. Upon 15 each further identified

accumulation 56 &M intetVal between which™arid thB$Emporaly dif&&i prétedifig hecumulation
56 is less than thé thirdi abcuriulationdtime 7 2atheoWE P aceumiulationicountet 78dstincréniented by

one (1). As soon agamaccumulation 28 o6 hasantime intervalyelative, tothe orevieus accymulation 56
which is gr%ater ril%%hee% ird %%%uemulatiogotime % the W 12 %cecun%ul%teion counter 78 igé:hecked. If
the counter reading Is fess thar o equ%ﬁ% aﬁrst E12 fimi veﬁue 80, then tHoee\RI]ECiS‘ES accumulation
counter 78 is re56fteZera {0). Hithe WEI2 accifrgiation eoanter 78%exceeds the first WEI2 limit value
80, then an LF period 82 is started. The first WEI2 limit value 80 is suitably six and the LF period 82 is

20 ms, in partic‘ﬂj'ﬁ‘z[ylﬁpewghiﬂﬂ%éﬁ%e{!eog 82, an Lid %&Pﬁ%@“ébec%}esg&g}{%ﬁ thepeginning

of the LF period 82, the LF1 counter 84 is set to zero (0) and is incremented by one (1) with each LF1

signal 34 meastired witHin & LF 35 gériod 82. If tHePLF T @BEAET B4 é¥cebdsa sétond WEI2 limit
value 86, tien the sepore74 of thefareing faule 16 isfoutputiand] drt particulas, thve LtEiperiod<82 is

ended-Advantag@Q'é%li‘!i@glsegi%w@2 Qmiggalliel§gstrated at the top. Each

line symbolizes an accumulation 56, wherein the length
of each of the accumulations 56 can vary. Underneath
that the figure shows the temporal profile of the
15 measurement of LF1 signals 34, and underneath that in
turn the figure shows the temporal profile of the
measurement of LF2 signals 40. In this case, too, the
length of the LF1 signals 34 varies, whereas for
example no LF2 signal 40 is measured.
20
If a number of accumulations 56 occurs, a waiting
period 62 1is started, which amounts to 100 ms, in
particular. The number of accumulations 56 which lead
to the start 1is equal to an accumulation value 64
25 amounting to five, in particular. In this case, the
time interval Dbetween in each case two of the
accumulations 56 1s greater than or equal to a first
accumulation time 66 and less than or equal to a second
accumulation time 68. The first accumulation time 66 1is
30 1.6 ms, for example, and the second accumulation time
68 1is 23 ms, 1in particular. The accumulations 56 are
suitably counted by means of a WET1 accumulation
counter 70. In each case at the beginning of the method
60, the WETl accumulation counter 70 1is set to =zero
35 (0). For every case where the WET]l accumulation counter
70 is zero (0), the counter reading of the WET1
accumulation counter 70 1is incremented by one (1) as

soon as an accumulation 56 1is i1dentified within the



- 24 - is equal to three. If, after the LF period 82, the number of measured LF1 signals 34 is less than
or equal to the second WEI2 limit value 86, the LF1 counter 84 and the WEI2 accumulation counter 78
are set to zero 5(0) and the method 76 is restarted. A further method 88 for identifying the arcing fault
16 is illustrated in figure 7. The temporal profile of theomeasurement of a number of the HF2 signals 48
within 10 the electrical circuit 2 is illustrated at the top. Each line symbolizes one of the HF2 signals 48,

wherein the length of.each_of the HEZ. signals48 can vary. Inthe middle the figure shows,the temporal
profile of the measurement of the LF1 signals 34, and at the bottom 15 the figure shows the temporal

profile of the meSsTreniEAt of L2 Sigials @0 in fHis c&de, 166 Ghe 1Bngth of the 1F'L Sighald 34 varies,
whereas for example trerlL F2Gighal 4008 measured; 26 Edcly HFRsignat 48 whidhi isprésent in the

electrical current 22 and which; was measured outside a.seriahtimg,peried 80 stapts &-serigl time period
90, which bbegins vveithe%first maeggggnerﬂenti%hnas% 692.i'léhe @gz ségfna§4% Itlhag §tarets 1tlr}jelsetrioal time
period 90 is counted as ﬁgqoelng pargoﬁf’ue serial time péjhodaaj an ﬁ1e firSt measurement phase 92
and is illustrated-8ifightly: @aflier Frtitie Méref fof efiRidafiorPparposess In-thetfirstimexdurdment phase
92, the possibleddF2 sigrals 48-present intheelectsicabeurrentiz are ésyunted.Ha 30 this case,

however, only the HE# Sianals 48 age gounted yw h9§de time inferyalsglative-to the respegtive temporally

directly preceding HF2 signal 48 lies between a third termination time span 94 and a fourth termination

time span 96. Preferablythe tHirt"s5 termitidtiohtime spar 9458 equale 200518 GREIHE Fourth
terminatiohGtimeaspam®8 &-300:ps,Sfor examples -t2&nlf owithin ¢le first nMieasurérmentiphase 92, the

time _inte_rval _betwatggmprayy@g ecily successive HEZ signalg é‘&jﬁlgi%act%l?ha@ i_lapethird
termination time span §4, both the first melasurement hase 92 and the 5 serial time period 90 are

terminated. In other wotds thé firstiBAsUrameHt phass 92 and the setial tihe?sariod 90 are

terminated if no further HF2 signal is measured for the third termination time span 94 after the

temporally last HF2 signal 48. Thisiisithe casedan 1Q exampleafterthe secand ohthesHE2 signals 48

HMSUdelS counter 70 has reached the accumulation wvalue 64, the

waiting period 62 1s started. If, within the waiting
period 64, an LF1 signal 34 1is measured or two
successive accumulations 56 have a time interval which
is less than a third accumulation time 72, then the
20 waiting period 62 is terminated and the WET1
accumulation counter 70 is set to zero (0). The third
accumulation time 72 is suitably equal to 1.5 ms.
Accumulations 56 having a time interval which 1is
greater than the third accumulation time 72 have for
25 example no influence on the waiting period 62 and the

WET1 accumulation counter 70.

After the termination of the waiting period 62, upon
each further accumulation 56 the WET1 accumulation
30 counter 1s incremented by one (1) as long as the
accumulations 56 meet the above criteria. If, within
the waiting period 62, no LFl1 signal 34 1is measured,
and possible accumulations 56 have a time interval
which is greater than the third accumulation time 72, a

35 report 74 of the arcing fault 16 is output.

Figure 6 shows a further method 76 for identifying the

arcing fault 16 in accordance with figure 5. In this



If a number of HF2 signals 48 including the HF2 signal 48 that brings about the start of the serial time
15 period 90 is counted within the first measurement phase 92, which number is equal to a first serial
number 98, then the first measurement phase 92 is ended and a holding period 100 is started. The
first serial number 98 is six, for example. In particularppossible 20 measured HF2 signals 48 are not
taken into account within the holding period 100. That means that neither their number nor their

respective lengthior the timg intervalbetween fwe HR2,signals 48 has ansffect gn,the holding period
100. The holdin%gﬁ)eriod 100 suitably 25 has a length of between 30 ms and 220 ms. By way of

example, the lefgthOf tHE RAIARYPEHbd 100 iS'dEpendeht 5 the Magdiiftide ot the Sletfical current
22 and in particalapon theetated! curfent thekgofincthe caserot a icomparativelythigle rateédeurrent, the

holding 30 period 1QQ-isfor examplesgreates thaniir theicasg oba compasatively lewfated gurrent.
Advantageously, the Leggrtlhcggthe hQE| peri lop ig. variable during the operation of the electrical

in d
circuit 2. 35 The roﬁdlng period 100 is%fé owe Cﬁ?i?recty by a second measurement phase 102. Within
the second measurement phase 102, in a manner comparable with the first measurement phase 98,
those HF2 signals 48tate counteek ; 26 2 whosedime interval eelative todberespective temporally

directly preceding HE2signal 48 ligs hetween the third terminalion fime,span Rd.and fhe;fourth
p

termination time span 96. Likewise, the second 5 measurement phase 102 and the serial time period
90 are also ternfift&ted S Withfn the setdRd Meddifefientpliase T, the fihe ntérvarbetiveen two
temporally directly suseessive HE21signals 48 isigreater¢iman the third Trminatiomtiinecspgan 94. 10

The second measgrement phase 102 is.endsd if withip the second- measyrement;phage 192, the
number of HF2 sgnals 48 cqunted in accordance with the above description corresponds to a second

serial number 164 15 Préferably, ie'8&¢ond Seriat humBer T6% T-&qualt twéfve. The séfial time
period 90 is als®endedawithahe secontdimeasuremerit phase 102 Thé 19 sighalsid4 vhieh are
counted within the eptite serial sime-perioc 90 and whosetivae interval relativeito ane anather lies 20
between a fifth termjnation time span. 106 and a sjxth termination time s 108 are checked after the
end of tlSecon tibas immEge okt 107 The Rt G R Ato e e 108 L advatgeously
equal to 8.3 ms BhESRE Bixth BermifR&tion ieEpanioB ist&dedieftCZE0 hs. 28 thetdumber of
such LF1 signals:34dsgreater thanuanthied-serial nembert 410,1then the larcing faudt 16 isireported. The

third serial number 110,is suitably.equal tg.six. 30 The seport 74 of the arcing faylt s liewige output i

the number of such LF1 signals 34 is equal to the third serial number 110 and no further LF1 signal 34
was measured ihthe- Blettrical thfferit22 Aiter the)temporafiy Pst 8fsueh LEIighEig 3450r at least a

20 56 has a time interval relative to the previous
accumulation 56 which is greater than the third
accumulation time 72, the WET2 accumulation counter 78
is checked. If the counter reading 1is less than or
equal to a first WET2 1limit wvalue 80, then the WET2

25 accumulation counter 78 is reset to zero (0). If the
WET2 accumulation counter 78 exceeds the first WETZ2
limit wvalue 80, then an LF period 82 is started. The
first WET2 1limit wvalue 80 is suitably six and the LF
period 82 is 20 ms, in particular.

30
Within the LF period 82, an LF1 counter 84 becomes
active. At the beginning of the LF period 82, the LF1
counter 84 is set to zero (0) and is incremented by one
(1) with each LF1 signal 34 measured within the LF

35 period 82. If the LF1 counter 84 exceeds a second WET2
limit value 86, then the report 74 of the arcing fault
16 is output and, in particular, the LF period 82 1is
ended. Advantageously, the second WET2 limit wvalue 86



35 time period that is greater than or equal to the fifth termination time span 106. - 27 - Seven LF1
signals 34 of this type are shown within the second of the serial time periods 90 illustrated. By way of
example, the first two LF1 signals 34 of the second serial time period 90 have between one another a
5 time interval which is less than the fifth termination time-span 106, for which reason these two LF1
signals 34 are not taken into account during the check. By contrast, the respective time interval

between all further ngig,gglnalgo% of the-secqnd serial time pgriod; X0 90Jies between the fifth

termination time span 106 and the sixth termination time span 108. Possible LF1 signals 34

additionally medSUP&ES before BF aft8F SGch EF1 Sighafs'34 withinthé $&fial A8 pafiod 15790 preferably
have no effect oncthé repose74 ofithBiareing faultt167 Fguwre 8cshows<a furtheramethoerl 124or

identifying the arcing fawmlt 161 accordancelwith figure fuAssoon @s 20an 462 sighal40-having a
length greater thiadgan LF2 I'Enit !rgengltqhoélg és measursegao%tgi(ge a parallel time period 116, the parallel
d116Is [ )

time perio taarlt%%. Fn this case as well’-1n ‘a manner comparable with the method 88 illustrated

in figure 7 - the LF2 signal 40 25 that starts the parallel time period 116 is counted as belonging to the
parallel time pernod116.hEre LE2 linit lesgthdl4iis @gquaktpi2Q0 psdorexamplefault 16

is illustrated in figure 7. The temporal profile of the
measurement of a number of the HF2 signals 48 within
10 the electrical circuit 2 is illustrated at the top.
FEach line symbolizes one of the HF2 signals 48, wherein
the length of each of the HF2 signals 48 can vary. In
the middle the figure shows the temporal profile of the
measurement of the LF1 signals 34, and at the bottom
15 the figure shows the temporal profile of the
measurement of LF2 signals 40. In this case, too, the
length of the LF1 signals 34 varies, whereas for

example no LF2 signal 40 is measured.

20 FEach HF2 signal 48 which 1is present in the electrical
current 22 and which was measured outside a serial time
period 90 starts a serial time period 90, which begins
with a first measurement phase 92. The HF2 signal 48
that starts the serial time period 90 1is counted as

25 being part of the serial time period 90 and the first
measurement phase 92 and 1is illustrated slightly
earlier in time merely for elucidation purposes. In the
first measurement phase 92, the possible HF2 signals 48
present 1in the electrical current 22 are counted. In

30 this case, however, only the HF2 signals 48 are counted
whose time interval relative to the respective
temporally directly ©preceding HF2 signal 48 lies
between a third termination time span 94 and a fourth
termination time span 96. Preferably, the third

35 termination time span 94 is equal to 200 ms and the

fourth termination time span 96 is 300 us, for example.



During the parallel time period 116, all LF2 signals 40 having a length greater than or equal to the LF2
limit 30 length 114 are counted and the parallel time period 116 is terminated if one of the lengths of
the LF2 signals 40 is less than the LF2 limit length 114. The parallel time period 116 is likewise
terminated if no LF2 signal 40 is measured for a secopd termination time span 118 35 within the
parallel time period 116. In particular, the second termination time span 118 is equal to 500 ms.

Likewise, an elegtrical,voltagg 24 which is.less than a,texrmination,yaltage for a firstdermination time
span - 28 - during the parallel time period 116 leads to a termination of the parallel time period 116. In

this case, by way Of exafplé Ghé Termiidion VoaYeTs equaiotts viandthe First téfmination time
span is 53.2 mssiropartieulds Intadditioretothe LRE2sighals 40, thelHE2 sighals-48 whoseétime interval

relative to the regpestivesemperally directly precedingdh2 signat 48 is-greatep10:than erequal to a
first arcing Eault timeisqantlZOé which.is Og pS: ig gargicular %rge%PunttLed witclyn the Mpoarrgléel time

. eria 1 eri1o ermi . Q er .
period 116. Furthermore, a check is made to detérmine whether oneé of the irtervals i3 greater than a

second arcing fadlEtinfelsfdn 1222 ¢isTent phase 92 and the serial time

period 90 are terminated if no further HF2 signal 1is
measured for the third termination time span 94 after
the temporally last HF2 signal 48. This is the case for

10 example after the second of the HF2 signals 48
illustrated.

If a number of HF2 signals 48 including the HF2 signal
48 that brings about the start of the serial time
15 period 90 is counted within the first measurement phase
92, which number is equal to a first serial number 98,
then the first measurement phase 92 1is ended and a
holding period 100 is started. The first serial number
98 is six, for example. In particular, possible
20 measured HF2 signals 48 are not taken into account
within the holding period 100. That means that neither
their number nor their respective length nor the time
interval between two HF2 signals 48 has an effect on
the holding period 100. The holding period 100 suitably
25 has a length of between 30 ms and 220 ms. By way of
example, the 1length of the holding period 100 1is
dependent on the magnitude of the electrical current 22
and in particular on the rated current thereof. In the
case of a comparatively high rated current, the holding
30 period 100 is for example greater than in the case of a
comparatively low rated current. Advantageously, the
length of the holding period 100 is wvariable during the

operation of the electrical circuit 2.

35 The holding period 100 is followed directly by a second
measurement phase 102. Within the second measurement
phase 102, 1in a manner comparable with the first

measurement phase 98, those HF2 signals 48 are counted



15 the case, and the number of HF2 signals 48 measured in total within a third arcing fault time span
124 is greater than or equal to a first arcing fault number 126 and also the number of LF2 signals 40
measured within the third arcing fault time span 124 is greater 20 than or equal to a second arcing
fault number 128 and less than or equal to a third arcing fault number 130, the arcing fault 16 is
reported. The third arcing fault time span 124 begins with the parallel time period 116 and suitably has

a length of 25 ms, Byway.of gxample 23 the firstareing fault numper 126 is three, the.segond arcing
fault number 128 is three, in particular, and the third arcing fault number 130 is preferably seven. In

figure 8, by Waytoﬁné?(%ﬁ‘?&lé,yall 1EZ Sighalé 40iave 308 femporal lefgtithat is Greater than the LF2
limit length 114 raridherfirst bfthe two paralfef timesperiod 11 6nilfustrated is $tarted with-the temporally

first LF2 signal 4Q,\Within this parallel ime period 316three LF2isignals 40 are measureddncluding
the 35 LF2§ignaI 40 that tri%gcers the st#rooj this(ga{%lleel time.pelriod.116, this nu %q{ cggreesponding
e

to the second aﬁ:?nagsﬁﬂ?tmneumbé)rhfz%e. rée AIF S|gnalsS 25 are likewise'méasur during the parallel

time period - 291396 tRiEHUMBECheing etfjiantdthé fifst afcing fadleiirbereré. THetinterval
between the first and thehsecond<of the: HF2signads: 48 és\greater thaipthesfirst/areingdault {ime span

120, and the intgtyal. between 5the second.and the third of the HFZ signals,48,i5 greafer than the

second arcing fault time span 122. Sincethree LF2 signals 40 were measured within the third arcing
fault time span T4 5kt the terpdially Rt of the three HF2 signals 48 the parallel time 10 period 116
is ended arid also the arcing fault 16 is reported.

The second measurement phase 102 is ended if, within
the second measurement phase 102, the number of HF2
signals 48 counted in accordance with the above
description corresponds to a second serial number 104.
15 Preferably, the second serial number 104 1is equal to
twelve. The serial time period 90 is also ended with
the second measurement phase 102. The LF1 signals 34
which are counted within the entire serial time period
90 and whose time interval relative to one another lies
20 between a fifth termination time span 106 and a sixth
termination time span 108 are checked after the end of
the second measurement phase 102. The fifth termination
time span 106 is advantageously equal to 8.3 ms and the
sixth termination time span 108 is expediently 200 ms.
25 If the number of such LF1 signals 34 is greater than a
third serial number 110, then the arcing fault 16 1is

reported.

The third serial number 110 is suitably equal to six.
30 The report 74 of the arcing fault is likewise output if
the number of such LF1 signals 34 is equal to the third
serial number 110 and no further LF1 signal 34 was
measured 1in the electrical current 22 after the
temporally last of such LF1 signals 34 for at least a
35 time period that is greater than or equal to the fifth

termination time span 106.



The fourth of the LF2 signals 40 starts the second of the parallel time periods 116 illustrated. The
temporal 15 sequence of the HF2 signals 48 measured within the second of the parallel time periods
116 is for example identical to the temporal sequence of the HF2 signals 48 measured within the first
of the parallel time periods 116. Within the third arcing fault time spans 20 124, nine LF2 signals 40
are measured including the LF2 signal 40 that triggers the start of the second of the parallel time

periods 116. Thisyupberys greajerthan he third.areing fault numpers13Q, forwhich reason the
second parallel time period 116 is not ended after the 25 third of the HF2 signals 48 measured within

the second of theyataftel fithe peRods T16 1t id ORIy iffaHuriBEr of HF2 Sighald 20 %hs nidasured that
corresponds to afaurthfarcingfaulenunider 132 thdt thevarcihg fauk 16nis feportéd.orhetfogrth arcing

fault number 304325 fowre in particulas, fgewhich reasen the repert-thofthe areipgfauit 16 is output
after the m%asugerpnent of the foujzrlth HFE2 signal A18e%f th secon%gargl.l%tgjmecgerio% %%6 the time
[

terv whi rm

interval between ’[llhlse HF2 signal 48 andct]ﬁe 1‘-ﬁ?2 S|gr?al %atgm}—')orallyJS rectly p%eced%r?gnit being
greater than or &gud te B firstUreing faulttime 3part 2201 - 30:C Thistiiethod 112 sditably proceeds
alternately with atleast @nenfuirtherapeeferably all, ot thesabove methods 66 76;188c i thisgase, the

further method ié Arﬂtggggrted if{)ﬂg ofgléesbggﬂg%al 49£ﬁéne§%gq\§a\/yho%%lgpgghis greater than the
LF2 limit length 114. The further method is stopped during the parallel time period 116, which means

that with the exdeplioR ot the Sighasi@gtired fétthé hethi6F 122, fameR/thé HE2 Sighals™s and the
LF2 signal®40, 1o further sighalckhsudheas; fdreéxareple thetlikhsighals 3oemthé Geccamilations 56

are processed fuither, TheiHE2 signals 48 are moreqyertakeyyinto account only in so far as they
contribute to the method 112. In particular, neither the WET' accumulation counter 70 nor the WEI2 15

accumulation counter 78 nor the LF1 counter 84 is altered within the parallel time period 116. After the
termination or eRd of e parallel timepetiod 146 athéifurtharmbthotkis Testadtedewhich results, in
particulalr in ?Ir%sﬁtt#}g %‘dhﬁ r?ﬁpl_eCHY%ﬁQﬂr!]@tEB or %@@@m{ﬁm@ Z@é% i(lé)l Figtire 9§@t&tfﬁaes the |
temporal profile of the electricalvoltage24,whichissubstantially sinusoidal. On ount of the tempora
ety 6 26 the EChaal COagE D7, e latis g Sl opeeaton req. farly exCiis a it
value, designated 83 SPG ¥Bltage 34. The SPG voltage 134 is less than the rated voltage and is
preferably 90 V. The time period within which the electrical voltage 24 is

Figure 8 shows a further method 112 for identifying the
arcing fault 16 in accordance with figure 7. As soon as
20 an LF2 signal 40 having a length greater than an LF2
limit length 114 is measured outside a parallel time
period 116, the parallel time period 116 is started. In
this case as well - in a manner comparable with the
method 88 illustrated in figure 7 - the LF2 signal 40
25 that starts the parallel time period 116 is counted as
belonging to the parallel time period 116. The LF2
limit length 114 1is equal to 200 us, for example.
During the parallel time period 116, all LF2 signals 40
having a length greater than or equal to the LF2 limit
30 length 114 are counted and the parallel time period 116
is terminated if one of the lengths of the LF2 signals
40 is less than the LF2 limit length 114. The parallel
time period 116 is likewise terminated if no LF2 signal
40 1is measured for a second termination time span 118
35 within the parallel time period 116. In particular, the
second termination time span 118 is equal to 500 ms.
Likewise, an electrical voltage 24 which is less than a

termination voltage for a first termination time span



30 greater than the SPG voltage 134 is designated as a high time span 136. During normal operation,
the length 138 of all the high time spans 136 is substantially identical and constant and, moreover,
dependent on the system frequency 26. By way of example, the length 138 35 in normal operation is
600 ps. Likewise, the time interval between the indivigal high time spans 136 is substantially identical
and constant and dependent on the system frequency 26. The time interval in normal - 31 - operation

is the reciprocal of the systemfrequency 26,- thatiigdo say.2.5.ms - mipus the,length 138 of the high
time span 136. In particular, the time interval is 1.9 ms. 5 If, by way of example, one or a plurality of

the interference SIgAAIS 280t the arcing fault 16 dccu(s); oF it tHie powier drawn by the 1ddd 10 is
changeable ovetrtifte, then it isyyossible forathie 19, profile of the elevtricat voltagétzbte deviate from

the sinusoidal fars: By way of exampleg suchdnfluensing of the: eleetrical voltage 24 has the
consequence thgt QWE‘ fSrequl%nc ofttQ% gieacérical voltage 24 is disturbed, that is to say that the 15
frequency is not c'onslpan’t, of that the maximum of the electrical voltage 24 is less than the rated
voltage for a time period that is greater than double the reciprocal of the system frequency 26. If,
therefore, the lengths d38tafdwo suceassiveiighstirge spansi 136 20 differ by mioredhan a ¢hird SPG

time span or thewglgggical y%@ge_ Zﬁlq%%gqt ex%_%elda@%,%PG ggltag(ElJfg4 _fo; gsspeecg@g\%PG time

span 140, a problem of the electrical voltage 24 is identified, which problem is designated as SPG fault

142. The third SPEHMeSpan is 25° stitably 166 S dnd the %ec?ir%ngliG%ﬁ*ne?pa%ri%%?@?ns, in
particular.lAdvantageously, émcasestwhese dn SPG fault 142 isCigehtifiediwithirs theeneléctfical voltage

24, at least 30 ope;ofithe abaveymethods, 76,88.is terminated and not,restarteg for atime, period
having a length of a fir tf%iPG time span. In particular, neither the WEI2 accumulatjon counter 78 nor

the LF1 counter84 i alfered WithintR& fifst SPC time Epah Afts the SPG-35 fAult 20 AR the first
SPG time span,tthe retisodronmettidds 761 88 isfarev festated, valtieh e particularresaltssin a resetting

of the respective gaunters @ 2eri(0x Jhe SPG dime spanis suitably 1 s2 - 32 £ The inveation is not
restricted {q the gxemplary emhodiments desgribed abgye, Rather, aperspnsdlied oy in
total within a third arcing fault time span 124 1is
greater than or equal to a first arcing fault number
126 and also the number of LF2 signals 40 measured
within the third arcing fault time span 124 is greater
20 than or equal to a second arcing fault number 128 and
less than or equal to a third arcing fault number 130,
the arcing fault 16 is reported. The third arcing fault
time span 124 begins with the parallel time period 116
and suitably has a length of 25 ms. By way of example,
25 the first arcing fault number 126 is three, the second
arcing fault number 128 1is three, 1in particular, and

the third arcing fault number 130 is preferably seven.

In figure 8, by way of example, all LF2 signals 40 have
30 a temporal length that is greater than the LF2 limit
length 114, and the first of the two parallel time
period 116 illustrated is started with the temporally
first LF2 signal 40. Within this parallel time period
116, three LF2 signals 40 are measured including the
35 LF2 signal 40 that triggers the start of this parallel
time period 116, this number corresponding to the
second arcing fault number 128. Three HF2 signals 48

are likewise measured during the parallel time period



in the art can also derive other variants of the 5 invention therefrom, without departing from the subject
matter of the invention. In particular, all individual features described in connection with the different
exemplary embodiments can furthermore also be combined with one another in another way, without
departing from 10 the subject matter of the invention.2933 - List of reference signs 2Electrical
circuit74Report 4Current source76 Method Terminal78 WET2 accumulation counter 6 Terminal80First

WET2 limit value gElectrical ling821F-pefiad, 10 Load84LF] qounter 12.Flectrical lineBgsecond WET2
limit value 14 Circuit breaker88Method 16 Arcing fault90Serial time period 17 InterrL%Ptlon unit92First

measurement pRES&$8 Elefitent cornected fo ground G4 THird terifiation tifle span 20-Region of

porous insulation<98Fourthfterphinatioritime spans 48 1is greater than the first
arcing fault time span 120, and the interval between

5 the second and the third of the HF2 signals 48 1is
greater than the second arcing fault time span 122.
Since three LF2 signals 40 were measured within the
third arcing fault time span 124, after the temporally
last of the three HF2 signals 48 the parallel time

10 period 116 1is ended and also the arcing fault 16 1is

reported.

The fourth of the LF2 signals 40 starts the second of
the parallel time periods 116 illustrated. The temporal
15 sequence of the HF2 signals 48 measured within the
second of the parallel time periods 116 is for example
identical to the temporal sequence of the HF2 signals
48 measured within the first of the parallel time
periods 116. Within the third arcing fault time spans
20 124, nine LF2 signals 40 are measured including the LF2
signal 40 that triggers the start of the second of the
parallel time periods 116. This number is greater than
the third arcing fault number 130, for which reason the
second parallel time period 116 is not ended after the
25 third of the HF2 signals 48 measured within the second
of the parallel time periods 116. It 1is only if a
number of HF2 signals 40 was measured that corresponds
to a fourth arcing fault number 132 that the arcing
fault 16 1is reported. The fourth arcing fault number
30 132 is four, in particular, for which reason the report
74 of the arcing fault 16 1is output after the
measurement of the fourth HF2 signal 48 of the second
parallel time period 116, the time interval between
this HF2 signal 48 and the HF2 signal 48 temporally
35 directly preceding 1t being greater than or equal to
the first arcing fault time span 120.



22 Current98First serial number 24 Voltage100 Holding period 26 System frequency102 Second
measurement phase 28 Interference signal104 Second serial number 30 LF1 frequency106 Fifth
termination time span 32 LF1 limit threshold108 Sixth termination time span 34 LF1 signal110 Third
serial number 36 LF2 frequency112 Method 38 LF2 ligijt threshold114 LF2 limit length 40 LF2
signall16 Parallel time period 42 HF2 frequency118 Second termination time span 44 Time

interval120 First:areing fault time span 46 HEZ ime122.Second arging, fault ime spapd8 HF2
signall24 Third ar0|%%l fault time span 50 HF2 number126 First arcing fault number 52 Time period128

Second arcing fatif AbmBaT 54 Kccuitulatorn eRfHi30 Third arding kit Aimber 88 Aimulation132

FOUHhZﬂcmgfa@ﬂnunﬂﬁN 88. In this case, the further method is
interrupted if one of the LF2 signal 40 1is measured

5 whose length i1s greater than the LF2 1limit length 114.
The further method is stopped during the parallel time
period 116, which means that with the exception of the
signals required for the method 112, namely the HF2
signals 48 and the LF2 signals 40, no further signal

10 such as, for example, the LF1 signals 34 or the
accumulations 56 are processed further. The HF2 signals

48 are moreover taken into account only in so far as
they contribute to the method 112. In particular,
neither the WET1 accumulation counter 70 nor the WET2

15 accumulation counter 78 nor the LF1 counter 84 1is
altered within the parallel time period 116. After the
termination or end of the parallel time period 116, the
further method is restarted, which results, in
particular in a resetting of the respective counter or

20 counters to zero (0).

Figure 9 illustrates the temporal profile of the
electrical voltage 24, which is substantially
sinusoidal. On account of the temporal periodicity of
25 the electrical wvoltage 24, the latter during normal
operation regularly exceeds a limit wvalue, designated
as SPG voltage 134. The SPG voltage 134 is less than
the rated voltage and 1is preferably 90 V. The time
period within which the electrical voltage 24 1is
30 greater than the SPG voltage 134 is designated as a
high time span 136. During normal operation, the length
138 of all the high time spans 136 1is substantially
identical and constant and, moreover, dependent on the
system frequency 26. By way of example, the length 138
35 in normal operation is 600 us. Likewise, the time
interval between the individual high time spans 136 is
substantially identical and constant and dependent on

the system frequency 26. The time interval in normal



58 Accumulation number134 SPG voltage 60 Method136 High time span 62 Waiting period138 Length
64 Accumulation value140 Second SPG time span 66 First accumulation timel42 SPG fault 68
Second accumulation time 70 WET1 accumulation counter 72 Third accumulation time - 34 - Claims
1.A method (60) for identifying arcing faults (16) within an electrical circuit (2) having a system
5frequency (26), an electrical current (22) and an electrical voltage (24), wherein an interference

signal (28) occugring which has.a frequency helow an LEA fraquency, (30) and.a,current intgnsity above

an LF1 limit 10threshold (32) defines an LF1 signal (34), wherein a number of interference signals

(28) occurring which Fave & fréquehdy bélow &% HE2 Freduendy 2 R E6mbined 1d formtan HF2
signal (48) if thehiurmbérofkintepferencEtsignals ¥28)t15 vdeurring isgreater than or egualite an HF2
number (50) and the time interval between two successive interference signals (28) is less than an
HF2 time (456),
If, by way of example, one or a plurality of the
interference signals 28 or the arcing fault 16
occur(s), or 1if the power drawn by the 1load 10 1is
changeable over time, then it 1is ©possible for the
10 profile of the electrical voltage 24 to deviate from
the sinusoidal form. By way of example, such
influencing of the electrical voltage 24 has the
consequence that the frequency of the electrical
voltage 24 1s disturbed, that 1is to say that the
15 frequency is not constant, or that the maximum of the
electrical voltage 24 1is less than the rated voltage
for a time period that is greater than double the
reciprocal of the system frequency 26. If, therefore,
the lengths 138 of two successive high time spans 136
20 differ by more than a third SPG time span or the
electrical voltage 24 does not exceed the SPG voltage
134 for a second SPG time span 140, a problem of the
electrical voltage 24 is identified, which problem is
designated as SPG fault 142. The third SPG time span is
25 suitably 100 ps and the second SPG time span is 6.4 ms,

in particular.

Advantageously, 1n cases where an SPG fault 142 is
identified within the electrical voltage 24, at least
30 one of the above methods 76, 88 1is terminated and not
restarted for a time period having a length of a first
SPG time span. In particular, neither the WET2
accumulation counter 78 nor the LF1 counter 84 1is
altered within the first SPG time span after the SPG
35 fault 140. After the first SPG time span, the method or
methods 76, 88 1s/are restarted, which 1in particular
results 1in a resetting of the respective counters to

zero (0). The SPG time span is suitably 1 s.



wherein a number of time periods (52) which have a 20 respective length amounting to an
accumulation length (54) and which directly succeed one another temporally and within which in each
case at least one HF2 signal (48) is present define an accumulation (56) if the number of time periods
25(52) is greater than or equal to an accumulation nupiber (58), wherein a WEI' accumulation counter
(70)is incremented by one (1) if an accumulation (56) is identified, 30 -wherein the WEI' accumulation
counter (70) is reset to zero (0) if the time interval between two neighboring accumulations (56) is less
than a first accumulation time (66) or greater than a second accumulation time (68), 35 -wherein a
waiting period (62)s stahed aftet an accuniliitiont VAIE t64) Has béen fddthed Forthe WEN
accumulation courterd(703,nt 85 deagrarelvethe wadting-periotd(62) is termitratethanckthe WET'
accumulation counter (70) is resetlq zere (Q)Jf atjleast,ene L Flsignal(34) g two gecumpiations (56)
between wgich thevtierp1 irgerv&llgi]? Igs Itnhanwa g%lrodu cc mul%i;icoln tim% 47%) %rﬁ:em%a%ured e/vithin the
waiting period (é‘é}, an Wﬁereln,a er t%e’waltllng peno%ﬁ)}has éjlgpse(f an arcinglfaal?fw) IS
idenﬂﬁedandkﬁ%@%@ﬁédQﬁ)the invention. In particular, all individual

features described 1in connection with the different
exemplary embodiments can furthermore also be combined
with one another in another way, without departing from

10 the subject matter of the invention.



2.The method as claimed in claim 1, wherein the waiting period (62) is terminated if this has already
begun and the WET" accumulation counter (70) is reset to zero (0) and left at zero (0) for a parallel
time 15 period (116) if an LF2 signal (40) is measured which has a duration longer than an LF2 limit
length (114), wherein an interference signal (28) occygrring which has a frequency below an LF2
frequency (36) and a current intensity above an LF2 limit 20threshold (38) is designated as LF2 signal
(40), and whergin the parallektime period;(116) is ended if a measured LF2 signal (40) has a duration
shorter than the LF2 limit length (114), or 250the voltage (24) for a first termination time span was less
than a termination voltage, or if no LF2 signal (40) was measured for a second termination time span
(118), and wheréitethe areing faaki(16) is detected andfsr30teported if within the parallel time
period (116) between al-suecessive- HF2 signals (48) the timetinterval is greater than or equal to a first

arcing fault time.span. (120), 35oif within the parallel time perigd (116) 1 _.: 0. counter

6 Terminal 80 First WET2 limit wvalue

8 Electrical line 82 LF period

10 Load 84 LF1l counter

12 Electrical line 86 Second WET2 limit value

14 Circuit breaker 88 Method

16 Arcing fault 90 Serial time period

17 Interruption unit 92 First measurement phase

18 Element connected to ground 94 Third termination time span
20 Region of porous insulation 96 Fourth termination time span
22 Current 98 First serial number

24 Voltage 100 Holding period

26 System frequency 102 Second measurement phase

28 Interference signal 104 Second serial number

30 LF1 frequency 106 Fifth termination time span
32 LF1 limit threshold 108 Sixth termination time span
34 LF1 signal 110 Third serial number

36 LF2 frequency 112 Method

38 LF2 limit threshold 114 LF2 limit length

40 LF2 signal 116 Parallel time period

42 HF2 frequency 118 Second termination time span
44 Time interval 120 First arcing fault time span
46 HF2 time 122 Second arcing fault time span
48 HF2 signal 124 Third arcing fault time span
50 HF2 number 126 First arcing fault number

52 Time period 128 Second arcing fault number
54 Accumulation length 130 Third arcing fault number

56 Accumulation 132 Fourth arcing fault number
58 Accumulation number 134 SPG voltage

60 Method 136 High time span

62 Waiting period 138 Length

64 Accumulation value 140 Second SPG time span

66 First accumulation time 142 SPG fault

68 Second accumulation time
70 WET1 accumulation counter

72 Third accumulation time



between two directly successive HF2 signals (48) the time interval is greater than or - 36 - equal to a
second arcing fault time span (122), and oif either a number of HF2 signals (48) was measured which
is greater than or equal to a 5 first arcing fault number (126) if, within a third arcing fault time span
(124), a number of LF2 signals (40) was measured-wBich-lies between a second arcing fault number
(128) and a third arcing fault number (130), or if 10 a number of HF2 signals (48) was measured
which is greater than or equal to a fourth arcing fauit_nymber (132) if, within the third arcing fault time
span (124), a number of LF2 signals (40) was measured which is 15 greater than the third arcing fault
number (130), wherein the third arcing fault time span (130) in each case begins with the parallel time
period (116). 208:A methate (76 for idehtifyimgrareingfanlty (16 withiniarweléetvicalscirédit {2) having a
syst(:m frequenaml%ﬁgnan glectrgtﬁé@tanﬁ%htar(?i) @?Q@@leiectgdgal voltage £24), a/vhewig%@m ;
interference signa occurri 5 which has a frequency below an LF1 uenc and a
current |nte%nS|tyI%aboO\I/e)9a CEFl?l%m?t’hresahold ZL O:lnesfan CF ]éfegrﬁtal (3Aé)5qwherg% a Aumber of
interference sigfRals ¢28).6cchriing Which Ha?\/b) a frequency below an HF2 30 frequency (42) are
combined to form an HiZ=signal (48hif thenruwnbet-ehinterfesenceasignals {28) ecctring iscgreater

than or equal to an HF2,number 6@0) anglrtggﬁlg?lec@teﬁggﬁl Oth\ggerLMo %{cg%gllx{%ntq%rence
signals (28) is less than 35an HF2 time (46),” wherein a number of time perlo)o}lAsgé‘Q which have a

respective length amodrting t6 an%ﬁﬁfh?atmh%ﬁéiﬁ%i) arfP®Rich directl ceed®he another
10 threshold (32) defines an LF1 signal (34),
- wherein a number of interference signals (28)

occurring which have a frequency below an HF2
frequency (42) are combined to form an HF2 signal
(48) 41if the number of interference signals (28)

15 occurring 1is greater than or equal to an HF2
number (50) and the time interval Dbetween two
successive interference signals (28) 1is less than
an HF2 time (46),

- wherein a number of time periods (52) which have a

20 respective length amounting to an accumulation
length (54) and which directly succeed one another
temporally and within which in each case at least
one HE2 signal (48) is present define an
accumulation (56) 1if the number of time periods

25 (52) 1s greater than or equal to an accumulation
number (58),

- wherein a WETl accumulation counter (70) is
incremented by one (1) if an accumulation (56) 1is
identified,

30 - wherein the WET1 accumulation counter (70) 1is
reset to zero (0) if the time interval between two
neighboring accumulations (56) 1s 1less than a
first accumulation time (66) or greater than a
second accumulation time (68),

35 - wherein a waiting period (62) 1is started after an
accumulation wvalue (64) has been reached for the

WET1 accumulation counter (70),



- 37 - temporally and within which in each case at least one HF2 signal (48) is present define an
accumulation (56) if the number of time periods (52) is greater than or equal to an accumulation
5number (58), wherein a WEI2 accumulation counter (78)is incremented by one (1) if an accumulation
(56) is identified, wherein, in the case of an interval between two 10 accumulations (56), which interval
which is greater than or equal to a (third) accumulation time (72), either an LF period (82) is started if

the WEI2 accumulation, counier, (78) is greater than.a fitgt WElimit valye (§0),, or the WEIR 15

accumulation counter €8) is reset to zero %O) if the WEI2 accumulation counter (752 IS less than or

equal to the first WEI2 fiftit vAe (80 WHeYEiR @ lF1 Couhter (84) id ihcréfert&d BY ofé (1) if an
LF1 signal (34) is measugred within thé 26ILF pericd: (82N ewhéreintheasding(fatlt (18) isidentified

and/or reported if, within-thenkF peried (82) sthe Ll caunter,(84) exeerdsta second- W2 limit value
(86), and 25 -wherein, after_the LF period (82) has elapsed, th El2 accumulati ounter (78) and
the L1 comnter (84) Are o508 Z0r D). & The Thathar SL LA GHoH SIS, Whabn L 20
period (82) is terminat&tfif e Retet has Hirebdly béglalthe WE2 aécumdlation€dunter (78) and the
LF1 counter (84) are resette zero (Ohand are leftat zere {0)i fog a first:SR@ timeaspan ifieither for a

second SPG time Sparé@a@gé@% V%'ﬁaggr@f%j;s %Q;[Lgl"%at?i@ is identified and/or
reported.
10

2. The method as claimed in c¢laim 1, wherein the

waiting period (62) 1is terminated if this has already

begun and the WET1 accumulation counter (70) 1is reset
to zero (0) and left at zero (0) for a parallel time
15 period (116) if an LF2 signal (40) 1is measured which

has a duration longer than an LF2 limit length (114),

- wherein an interference signal (28) occurring
which has a frequency below an LF2 frequency (36)
and a current intensity above an LF2 1limit

20 threshold (38) 1is designated as LF2 signal (40),
and

- wherein the parallel time period (116) is ended if
o) a measured LF2 signal (40) has a duration

shorter than the LF2 limit length (114), or
25 o the voltage (24) for a first termination time
span was less than a termination voltage, or
O if no LF2 signal (40) was measured for a
second termination time span (118), and
- wherein the arcing fault (16) is detected and/or
30 reported
O if within the parallel time period (116)
between all successive HF2 signals (48) the
time interval 1s greater than or equal to a
first arcing fault time span (120),
35 O if within the parallel time period (116)
between two directly successive HF2 signals

(48) the time interval is greater than or



35 than an SPG voltage (134) or the lengths of two successive high time spans (136) differ by more
than a third SPG time span, wherein the high time spans (136) - 38 - is the time span within which the
voltage (24) is greater than the SPG voltage (134). 5.The method, as claimed in claim 3 or 4, wherein
5 the LF period (82) is terminated if the latter has alreagy-begun, the WEI2 accumulation counter (78)
and the LF1 counter (84) are reset to zero (0) and are left at zero (0) for a parallel time period (116) if

an LF2 signal (40) is measured,which has aduration longer,10than ap..F2 limitiength(114), wherein

an interference signal (28) occurrli%rgg
I

intensity above an LF2 limit thireé

which has a frequency below an LF2 frequency (36) and a current
d (38fis designated as LF2 signal (40), 15and wherein the

parallel time period (11®6) is eadeddf EereasurediitE2 sigedl (40) has adhuration shdttertthan the LF2
limit length (114), or the voltages(@4) for afirstiermination time-20span was lesg thanastegmination

voltage, or
the arcing

if no LF2 signal (4

) W
f%ult (16) is detecte

yias measured
and/or repo?t%d

%econd termi

atln

18), and wherein

tirglg span al
16) between all

ime p’erigcli

=l {

successive HF2 signals (48) theliffle mtervaPis grestér thafior egaal td a4itst aréing falefime span

(120),

between a

and a third arcing fault number

10

of LF2 signals

a number

which

arcing
third arcing fault time span
of LF2

15

greater
(130),

span

parallel time period

20 3.

within

A method
an

frequency

wherein

25

and a

electrical
(26),
electrical voltage
an
which has a frequency below an LF1 frequency

current

threshold

wherein

occurring which have

30
(48)

a

frequency

if the number of

occurring

number

35

(50)
successive interference signals
an HF2 time

wherein a number of time periods

respective
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(54)

was measured which 1lies
(128)

or 1if

(40)
second arcing fault number
(130),
of HF2 (48) was measured
is greater than or equal to a fourth

fault (132) if, within the

(124),

signals
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a number
(40)

than the third arcing fault number
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(130) in each case with the
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(76) for didentifying arcing faults
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current

(16)

circuit having a system
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signal (28) occurring
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number

defines an LF1 signal

of 1interference (28)

a frequency below an HF2
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is greater to
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(52) which have a

length amounting to an accumulation

and which directly succeed one another



if within the parallel time period (116) 30 between two directly successive HF2 signals (48) the time
interval is greater than or equal to a second arcing fault time span (122), and if either a number of
HF2 signals (48) was 35 measured which is greater than or equal to a first arcing fault number (126) if,
within a third arcing fault time span (124), a number of 1.LF2 signals (40) was measured which lies - 39 -
between a second arcing fault number (128) and a third arcing fault number (130), or if a number of

HF2 signals (48) was meastred which,is greater, than,grsequal to afourth .5 aicing fault number (132)
if, within the third arcing fault time span (124), a number of LF2 signals (40) was measured which is

greater than the third arlifig fatlithumbeP [130), whetein thethird BFciiTg Fault tife™ 10 span' (130) in
each case begins with alve parallel time péfiéd (116). 6 2emethod€88) ¢dr identifyingearcimgfaults (16)

within an electrical circy £2) haying.asystem+ 15 frequengy;(26), an elgetrical current (22)-and an
electrical v%Itage (24), wh%%ig a ig erference signal (28) occurring which has a frequency below an

LF1 frequency (30) and a current int hsity above an LF1 limit 20threshold (32) defines an LF1 signal
(34), wherein a numbet Btifftérfererice SignRals (Z8) Beeutrirg-which have &ffequéney below an HF2
frequency (42) are combined te faravambF2signal (48) if the,numbemafl interferencessignals (28) 25
occurring is greater than,ar equal to an HF2 number (50) and if the time interval between two
successive interference signals (28) is less than an HF2 time (46), wherein an HF2 signal (48)

starts a serial time 30 Pefi6d {90), and WieiR € arding fault {1615 dentifed “Ra/or feforted oif, in
a first measurement phaseu92) of therserial time perioch(99), a numbernef HF2which  is

greater than or equal to a (third) accumulation
time (72), either an LF period (82) is started if
the WET2 accumulation counter (78) 1is greater than
a first WET2 1limit wvalue (80), or the WET2

15 accumulation counter (78) 1is reset to zero (0) if
the WETZ2 accumulation counter (78) is less than or
equal to the first WETZ2 limit value (80),

- wherein an LF1 counter (84) is incremented by one
(1) 1if an LF1 signal (34) 1is measured within the

20 LF period (82),

- wherein the arcing fault (16) is identified and/or
reported if, within the LF period (82), the LF1
counter (84) exceeds a second WET2 1limit wvalue
(86), and

25 - wherein, after the LF period (82) has elapsed, the
WET2 accumulation counter (78) and the LF1 counter

(84) are reset to zero (0).

4. The method as claimed in claim 3, wherein the LF
30 period (82) 1is terminated 1if the latter has already
begun, the WET2 accumulation counter (78) and the LF1
counter (84) are reset to zero (0) and are left at zero
(0) for a first SPG time span if either for a second
SPG time span (140) the wvoltage (24) 1is not greater
35 than an SPG voltage (134) or the 1lengths of two
successive high time spans (136) differ by more than a

third SPG time span, wherein the high time spans (136)



35 signals (48) are measured whose time interval between in each case two successive HF2 signals

(48) is between a fourth termination time span (96) and a third termination time - 40 - span (94) if the
number of HF2 signals (48) is equal to a first serial number (98), oif, in a second measurement phase
(102), which begins following a holding period (100) 5after the first measurement phase (92), a further
number of HF2 signals (48) was measured whose time interval between in each case two successive

HF2 signals is betwegep the foyrth tgggigatigggm%sp@,g {96) ang the V%qgg%ter@qe}tioqgme span
(94) if the further number of HF2 signals 48) is equal to a second serial number (104), and oif, within

the serial time pética (§6), 3" ©

¢ Shimbal bf£E1 Sighals (34) was measured, 15which number is

equal to a third serial number (119), wherein the time interval between two successive LF1 signals

(34) lies between a fifth termipatign dimespan (L06)and a-sixth terminatign time spar (108), and 20 if
was ngsur%tjz§\fter the last of thetle_gl si%nalcsh@@%fgg:%tgga t a time span

no furthergl s{q%neal( )
corresponding to the fi

tenTinaton 1

me spalr?(lag)r,%ﬁaawhereiﬁ he serial time peério ?50) is ended

if, 25 in one of thefiedsurémertphases (9% 102)2 araimednterval Betveeirtwe tirecthSuccessive
HF2 signals (48} is=greater tbam the-third4erninatier time spanz(94y 30Y) The.methed as claimed in

claim 6, wherein, the serial e pegpd (9Q)Js epded TG later fasy  (116) if an LF2
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signal

(40)

is measured which has a duration Ilonger

than an LF2 limit length (114),

wherein

an interference signal (28) occurring

which has a frequency below an LF2 frequency (36)

and a

threshold (38) 1is designated as LF2 signal (40),

and

current intensity above an LF2 limit

wherein the parallel time period (116) is ended if

o

a measured LF2 signal (40) has a duration

shorter than the LF2 limit length (114), or

the voltage (24) for a first termination time

span was less than a termination voltage, or

if

no LF2 signal (40) was measured for a

second termination time span (118), and

wherein the arcing fault (16) 1is detected and/or

reported

o

if

within the parallel time period (116)

between all successive HF2 signals (48) the

time interval 1s greater than or equal to a

first arcing fault time span (120),

if

within the parallel time period (116)

between two directly successive HF2 signals

(48) the time interval is greater than or

equal to a second arcing fault time span
(122), and

if

either a number of HF2 signals (48) was

measured which is greater than or equal to a

first arcing fault number (126) 1if, within a

third arcing fault time span (124), a number

of

LF2 signals (40) was measured which lies



already begun, and the serial time period (90) is not started for a first SPG time span, if either for a
second SPG time span (140) the voltage (24) is not 35 greater than an SPG voltage (134) or the
lengths of two successive high time spans (136) differ by more than a third SPG time span, wherein
the high time spans (136) - 41 - is the time span withgpwhich the voltage (24) is greater than the SPG
voltage (134). 8.The method as claimed in claim 6 or 7, wherein the 5serial time period (90) is ended if

the latter has already begun, gnd the gerial time-period (90);is potstarted for,a,parallglitie period
(116), if an LF2 signal (40) is measured which has a duration longer than an_LF2 limit length (114),

10wherein an interference sighaf (28) 66cuIting WhidHhas™a reqUerty Below an' LF P frequency (36)
and a current intensity above @an bE2Higit thréshBlid(38)igdesignatdd as WX sigmat ¢40)cdnd 15

-wherein the parallel time peripg;i(d46)ig ended:if & measyred kF2-sjgral (4Q) has & dyration shorter
than the LFg limit length (114g,ror .the voIJta (24?15%bae1j_|,rst t@r%‘%natloinftllme Span.was L%g than a

termination voltage, or 200if no fﬁf%igna?&% was measure Za

third arcing fault time span (124), a number
of LF2 signals (40) was measured which 1is
greater than the third arcing fault number
(130), wherein the third arcing fault time

10 span (130) 1in each case begins with the
parallel time period (116).

6. A method (88) for identifying arcing faults (16)
within an electrical «circuit (2) having a system
15 frequency (26), an electrical current (22) and an

electrical voltage (24),

- wherein an interference signal (28) occurring
which has a frequency below an LF1 frequency (30)
and a current intensity above an LF1 1limit

20 threshold (32) defines an LF1 signal (34),

- wherein a number of interference signals (28)
occurring which have a frequency below an HF2
frequency (42) are combined to form an HF2 signal
(48) 41if the number of interference signals (28)

25 occurring 1is greater than or equal to an HF2
number (50) and 1if the time interval between two
successive interference signals (28) 1is less than
an HF2 time (46),

- wherein an HF2 signal (48) starts a serial time

30 period (90), and
- wherein the arcing fault (16) is identified and/or
reported
o) if, in a first measurement phase (92) of the

serial time period (90), a number of HF2
35 signals (48) are measured whose time interval
between in each case two successive HF2
signals (48) 1is between a fourth termination

time span (96) and a third termination time



second termination time span (118), and wherein the arcing fault (16) is detected and/or reported if
within the parallel time period (116) 25 between all successive HF2 signals (48) the time interval is
greater than or equal to a first arcing fault time span (120), if within the parallel time period (116)
between two directly successive HF2 signals 30(48) the time interval is greater than or equal to a
second arcing fault time span (122), and if either a number of HF2 signals (48) was measured which
is greater than or equal to a 33, first arcing fault pumber (126)-if, within-a third arcing faulitime span
(124), a number of LF2 signals (40) was measured which lies between a second arcing fault number

(128) - 42 - and a third arcing faut Htibeér (1305, 'dr'ifa RGmber of HE2 dighals (48) was measured
which is greater than op equalitd,a fourth arcirgefauitchurmisers@s2ni nwithintthees thitd drcing fault
time span (124), a number of ik 2signals (4Q) was measHredwhich s greaternthan the third arcing
fault number (130), wherein the third arcing fault time span (130) in each case begins with the
10parallel 'g%me period (116). Qﬁgrﬁgthot}égl%u or identi ?r?él 5recl)?r?gn !%aul{ashﬂﬁ vg%%h’an electrical
circuit (2) having a system fregieheP26) rameleetricalfcurrént (223 apidans  (48)  was

measured whose time interval between in each
case two successive HF2 signals 1s between
the fourth termination time span (96) and the
10 third termination time span (94) if the
further number of HF2 signals (48) 1is equal

to a second serial number (104), and

o) if, within the serial time period (90), a

number of LF1 signals (34) was measured,

15 which number is equal to a third serial
number (119), wherein the time interval

between two successive LF1 signals (34) lies
between a fifth termination time span (106)
and a sixth termination time span (108), and
20 if no further LF1 signal (34) was measured
after the last of the LF1 signals (34) for at
least a time span corresponding to the fifth
termination time span (106), and
- wherein the serial time period (90) is ended if,
25 in one of the measurement phases (92, 102), the
time interval between two directly successive HF2
signals (48) is greater than the third termination

time span (94).

30 7. The method as claimed in c¢laim 6, wherein the
serial time period (90) 1is ended if the 1latter has
already begun, and the serial time period (90) is not
started for a first SPG time span, 1f either for a
second SPG time span (140) the voltage (24) 1is not

35 greater than an SPG voltage (134) or the lengths of two
successive high time spans (136) differ by more than a

third SPG time span, wherein the high time spans (136)



15electrical voltage (24), wherein a number of interference signals (28) occurring which have a
frequency below an HF2 frequency (42) are combined to form an HF2 signal (48) if the number of
interference signals (28) is 20greater than or equal to an HF2 number (50) and the time interval
between two successive interference signals (28) is less than an HF2 time (46), wherein an
interference signal (28) occurring 25 which has a frequency below an LF2 frequency (36) and a
current intensity;abovs,an Lz Jimitthreshald (38) definesap LEZsignal (40, whesein an LF2 signal
(40) which has a duration longer than an LF2 limit length (114) starts a 30parallel time period (116),
wherein the pardiféi tinTe p&fidd (116) is eHddd if-a Measured LF2 signal (40) has a duration shorter
than the LF2 limit length (114), or the voltage (24) for a first termination time 35span was less than a
termination voltage, orrif aok&2-signal{40) was measured fora second terminatien timerspan (118),
and - 43 - wherein the arcing fault (16) is detected and/or repqrted_ if within the _paralle] time period
(116) betwéen aﬁ|e§ulc%eéssi%v%ﬂﬁszséuéﬁaﬁ§ (4ét§ﬁ5e ROV Igeaner YN Yo RaLRleL i
already begun, and the serial time period (90) 1is not

started for a parallel time period (116), 1if an LF2

signal (40) is measured which has a duration longer
than an LF2 limit length (114),

10 - wherein an interference signal (28) occurring

which has a frequency below an LF2 frequency (36)

and a current intensity above an LF2 1limit

threshold (38) 1is designated as LF2 signal (40),

and
15 - wherein the parallel time period (116) is ended if
o) a measured LF2 signal (40) has a duration
shorter than the LF2 limit length (114), or
o) the voltage (24) for a first termination time
span was less than a termination voltage, or
20 O if no LF2 signal (40) was measured for a

second termination time span (118), and

- wherein the arcing fault (16) 1is detected and/or

reported
O if within the parallel time period (116)
25 between all successive HF2 signals (48) the

time interval 1s greater than or equal to a
first arcing fault time span (120),
o) if within the parallel time period (116)
between two directly successive HF2 signals
30 (48) the time interval is greater than or
equal to a second arcing fault time span
(122), and
o) if either a number of HF2 signals (48) was
measured which is greater than or equal to a
35 first arcing fault number (126) 1if, within a
third arcing fault time span (124), a number
of LF2 signals (40) was measured which lies

between a second arcing fault number (128)



5 time interval is greater than or equal to a first arcing fault time span (120), if within the parallel time
period (116) between two directly successive HF2 signals (48) the time interval is greater than or 10
equal to a second arcing fault time span (122), and if either a number of HF2 signals (48) was
measured which is greater than or equal to a first arcimg fault number (126) if, within a 15 third arcing
fault time span (124), a number of LF2 signals (40) was measured which lies between a second arcing

fault number (128) and a third,arging fault pyumber.(130), f%{dfl% numbst of Hir3 §;gna§r(4§)fwas
measured 20 which is greater than or equal to a fourth arcing fault numberf%] 32) if, within the third

arcing fault time span (124), &nuMBErst LEZ sighafs (£0)3Was edstitéd Which @Qg?‘ééftﬁ?ﬂwan the
third arcing fault number 25 @80} whereirctheathird arciignpfault timerspan (130)in éachr tase begins

with the parallel time period (JaJEQ)lnglo fAgireuit hreaker (14)which is provided and 30-dgsigned for
carrying out the method as cI (ljﬁﬂed in any .of cla%msf to 9. 11 The CII’ |£Q eakeréﬂﬂ] S clalmed in
[

claim 10, which is provided an fie5|gne %or%arrylng outf & 35 méth faimed iR claim 1 or 2,
and also the method as claimeé inldny oféldims 3 to @t%)nd 1Y) tHéerﬁéﬂfcfadas ¢laimied ihsany of
claims 6 to 8 and the method @s<claimed tmelaimthe- 44-ik2 The eireujt bfeaker (14)@s«taimed in

claim 10 or 11, characterized pyﬁémmt%%@téoﬂyn|1'C(grg)f0{m%rg.lptér}galr}l%lecﬂqﬁglrc&%g) as soon
as the arcing fault (16) is identified anc(:l/l%rort)apor ed n beg h e
Span in ecac case egins wi e

10 parallel time period (116).

9. A method (112) for identifying arcing faults (16)

within an electrical circuit (2) having a system

frequency (26), an electrical current (22) and an
15 electrical voltage (24),

- wherein a number of interference signals (28)
occurring which have a frequency below an HF2
frequency (42) are combined to form an HF2 signal
(48) if the number of interference signals (28) 1is

20 greater than or equal to an HF2 number (50) and
the time interval between two successive

interference signals (28) is less than an HF2 time

(46),
- wherein an 1interference signal (28) occurring
25 which has a frequency below an LF2 frequency (36)

and a current intensity above an LF2 1limit
threshold (38) defines an LF2 signal (40),
- wherein an LF2 signal (40) which has a duration
longer than an LF2 1limit 1length (114) starts a
30 parallel time period (116),
- wherein the parallel time period (116) is ended if
o) a measured LF2 signal (40) has a duration

shorter than the LF2 limit length (114), or

o) the voltage (24) for a first termination time
35 span was less than a termination voltage, or
O if no LF2 signal (40) was measured for a

second termination time span (118), and



10

15

20

25

30

35

- 43 -

- wherein the arcing fault (16) 1is detected and/or

reported

o) if within the parallel time period (116)
between all successive HF2 signals (48) the
time interval 1s greater than or equal to a
first arcing fault time span (120),

o) if within the parallel time period (116)
between two directly successive HF2 signals
(48) the time interval is greater than or
equal to a second arcing fault time span
(122), and

o if either a number of HF2 signals (48) was
measured which is greater than or equal to a
first arcing fault number (126) 1if, within a
third arcing fault time span (124), a number
of LF2 signals (40) was measured which lies
between a second arcing fault number (128)
and a third arcing fault number (130), or if
a number of HF2 signals (48) was measured
which 1is greater than or equal to a fourth
arcing fault number (132) if, within the
third arcing fault time span (124), a number
of LF2 signals (40) was measured which 1is
greater than the third arcing fault number
(130), wherein the third arcing fault time
span (130) in each <case begins with the

parallel time period (116).

10. A circuit Dbreaker (14) which is provided and
designed for carrying out the method as claimed in any

of claims 1 to 9.

11. The circuit breaker (14) as claimed in claim 10,
which 1is provided and designed for carrying out the
method as claimed in claim 1 or 2, and also the method
as claimed in any of claims 3 to 5, and also the method
as claimed in any of claims 6 to 8 and the method as

claimed in claim 9.



12. The circuit breaker (14) as claimed in claim 10 or
11,

characterized by

an interruption unit (17) for interrupting an

electrical circuit (2) as soon as the arcing fault (16)

is identified and/or reported.



