Circuit breaker having detection of the aperiodic current change The
invention relates to a circuit breaker, according to the preanble of claim
1. Crcuit breakers are known which switch off a network, partial network
or an electric line by the automati c opening of break contacts in the case
of the occurrence of an increased current flowin an electric network or
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network, partial network or an €electric liné b e automati c openi ng of
break contacts upon the occurrence of a residual current. The

di sadvant ageous aspect in such known circuit breakers is that further
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wWithin or in the region of an electric network.
It is therefore the object of the invention to provide a circuit breaker of the kind

mentioned initially, with which the mentioned disadvantages can be avoided and
with which the likelihood of fires by faults in electric networks can be reduced.

This 1s achieved by the features of ¢claim 1.

The likelihood of fires by faults in electric networks can thereby be reduced. So-
called serial and/or parallel faults which can lead to arcs can thus be recognized
in an electric network and the respective network can be switched off. Fires
which might be produced by arcs can thereby be prevented securely. Living
beings and installations can thus be protected from the hazards of electric

current and fires which are induced by the same,
The invention further relates to a detector according to the preamble of claim 2.

The mtially deseribed known circuit breakers are not capable of recognizing
faults which do not lead to increased current flow in a line or to any residual
current, but which faults can still lead to a fire within or in the region of an
electric network.

It 18 the object of the invention to provide a detector of the kind mentioned above
with which the mentioned disadvantages can be avoided and with which the
likelihood of fires by faults in electric networks can be reduced.



It is the object of the invention to provide a detector of the kind

menti oned above with which the nentioned di sadvant ages can be avoi ded and
with which the likelihood of fires by Faults in electric networks can be
reduced. 2 This is achieved in accordance with the invention by the
features of claim2. The likelihood of fires by faults in electric networks
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erratic changes of the amplitude of at least one parameter within an electric

network according to the preamble of claim 7.

The initially described known circuit breakers are not capable of recognizing
faults which do not lead to increased current flow in a line or to any residual
current, but which faults can still lead to a fire within or in the region of an

electric network.

It is the object of the invention to provide a method of the kind mentioned above
with which the mentioned disadvantages can be avoided and with which the

likelihood of fires by faults in electric networks can be reduced.
This is achieved in accordance with the invention by the features of claim 1.

The likelihood of fires by faults in electric networks can thus be reduced. So-
called serial and/or parallel faults which can lead to arcs can thus be recognized
in an electric network and the respective network can be switched off. Fires
which might be produced by arcs can thus be prevented securely. Laving beings
and installations can thus be protected from the hazards of electric current and

fires which are induced by the same.

The sub-claims, which like claim 7 simultaneously form a part of the description,
relate to preferred embodiments of the invention,

The invention i1s now explained in closer detail by reference to the enclosed
drawings 1n which merely preferred embodiments are shown by way of example,

wherein:



This is achieved in accordance with the invention by the features of claim
1. The likelihood of fires by faults in electric netwrks can thus be
reduced. So-called serial and/or paralﬁel faults which can lead to arcs can
t hus be recognized in an electric network and the respective network can be
switched off Fires which m ght be produced by arcs can thus be prevented
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wher e: Fig. 3 Ehgwsllz? if{l@}i@xfl&m)_l@ citeardlidse wdragntithbr dii lg(ﬂixrfézl{t 'tr-‘,]iglnl?ﬁ)t Hwath ng a
serial an ral | ult hn an electric network: Fig. 2 shows a .
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ti me ramgehod in accordance with the invention in the time range;

Fig. b shows the parameter signal according to Fig. 4 after the second step of the
method 1n accordance with the invention in the time range;

Fig. 6 shows the signal according to FFig. 5 in the frequency range;

Fig. 7 shows a second example of a first parameter signal (current signal) with
aperiodic erratic changes of the amplitude of an electric parameter as a result of
a serial fault in the time range;

Fig. 8 shows the parameter signal according to Fig. 7 after the first step of the
method in accordance with the invention in the time range;

Fig. 9 shows the parameter signal according to Fig. 8 after the second step of the
method in accordance with the invention in the time range;

Fig. 10 shows the signal according to Fig. 9 in the frequency range;

Fig. 11 shows a third example of a first parameter signal (current signal) with
aperiodic erratic changes of the amplitude of an electric parameter as a result of
a parallel fault in the time range;

Fig. 12 shows the parameter signal according to Fig, 11 according to the specially
preferred embodiment of the first step of the method in accordance with the
mvention in the time range:

Fig. 13 shows the parameter signal according to Fig. 12 after the second step of
the method in accordance with the invention in the time range;

Fig. 14 shows a fourth example of a first parameter signal (current signal) with
periodic erratic changes of the amphitude of an electric parameter as a result of a
parallel fault in the time range;

Fig. 15 shows the parameter signal according to Fig. 14 according to the specially
preferred embodiment of the first step of the method in accordance with the
mvention in the time range;



Fig. 4 shows the paraneter signal according to Fig. 3 after the first step
of the nmethod in accordance with the invention in the tine range; Fig. 5
shows the paraneter signal according to Fi g. 4 after the second step of the
met hod in accordance with the invention in the tinme range; Fig. 6 shows the
signal according to Fig. 5 in the frequency range; Fig. 7 shows a second
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Fig. 20 shows a block diagram of a fourth preferred embodiment of a detector in

accordance with the invention;

Fig. 17 shows a block diagram of a circuit breaker 11 which comprises break
contacts for switching off an electric network in a predeterminable manner, with
the break contacts being triggerable by at least one tripping unit 10, with the
circuit breaker having a detector 1 for detecting aperiodic, substantially erratic
changes in the amplitude of at least one electric parameter within the electric

network, and the tripping unit 10 is operatively connected with the detector 1.

The likelihood of fires by faults in electric networks can thus be reduced. So-
called serial and/or parallel faults 18, 19 which can lead to arcs can thus be
recognized in an electric network and the respective network can be switched off.
Fires which might be produced by arcs can thus be prevented securely. Living
beings and installations can thus be protected from the hazards of electric
current and fires which are induced by the same.

Circuit breakers 11 in accordance with the invention are provided for the
protection of effects of any kind of faults which on their occurrence cause
aperiodie, substantially erratic changes in the amplitude of at least one electric
parameter within the electric network. 1t 1s preferably provided that the at least
one electric parameter concerns an eclectric voltage or an electric current. It can
also be provided however that it concerns electric power. An electric network is
preferably any kind of an electric circuit for the distribution of electric energy,

especially in the field of domestic and communal power distribution,

Two frequently occurring faults are known which cause such aperiodic,

substantially erratic changes in the amplitude of the electric current or the



Fig. 13 shows the paraneter signal according to Fig. 12 after the second
step of the nethod in accordance with ;he i nvention in the tinme range; Fig.
14 shows a fourth exanple of a first parameter signal (current signal) with
periodic erratic changes of the anplitude of an electric paraneter as a
result of a parallel fault in the tinme range; Fig. 15 shows the paraneter

si gnal deaofcdivoliage Widch kdoadoardiang gondrbdlyspacwal hy fpreflefadds agbod ment
of the first ste of the method in accordance with the invention |g t he

ti me rdtigellel daplty 19 gndnwihach nee pepametsnllyi ghatraedorulngs 1 b am
f d d h
arter ts*&?lﬁqgﬁn 15?&7&9 ot B hgglf{% ER dof'i'c&‘ft%%; ﬁﬁwlggwerge%l}g%o‘ﬁ@@}nf&%# “at e

time range; hows a I'agram o

circui torbmakﬁal Vatigua An rmtexpupﬁenr(ﬁdtlmn@l@durm@hheoﬁhlm cleuectinrageniodic
accordance th the |nvenhlon Fig. .18 shows a bl ock di agram of a second
pr ef er P8# dfhesurgmtailgw @c%‘r‘s iptezeeplicdanB@ Al BHC tqff@uwdéﬁmgoﬁdcm g.

19 s ho"ﬁt@n\/\ﬂb?ﬁ% %&cﬁ%%?{mﬁ‘ ok BhE duPlesl §1dwe dy RIROM RPLe £t dRHEREAT 1 D

accor dance I nven
gource of a fire. In the case of a parallel fault 19, a current flow occurs between

two parallel conductors, e.g. for the reason of fatigue of the msulation between
two conductors. Higher or lower currents can occur in addition to the already
flowing currents depending on the contact resistance. Fig. 3 illustrates the
occurrence of a combined parallel and serial fault 18, 19 in a device, which in this

case occurs within a triple current distributor.

As a result of the faults as described above, substantially erratic changes
especially in the current or the voltage occur within the electric network. This
leads especially to substantially erratic changes, drops or rises in the current or
voltage. Substantially erratic changes in the amplitude of an electric parameter
within the electric network shall be understood as being strong and rapid rises or
strong and rapid drops in the amplhitude within a short period of time. The rise or
drop of an electric parameter per unit of time is generally stated by the slew rate.
A change of a voltage with a slew rate larger than 1500 V/us or a change of a
current with a slew rate of larger than 100 mA/ns shall preferably be understood
within the terms of the present invention as being a substantially erratic change

in the amplitude of at least one electric parameter within the electric network.

A circuit breaker 11 in accordance with the mvention can comprise any kind of a
detector 1 for detecting aperiodic, substantially erratic changes in the amplhtude
of at least one electric parameter within the electric network, with the detector 1
being operatively connected with the tripping unit 10. Such a detector 1 can be
both an integral part of the circuit breaker 11 or also be inserted in a removable

manner in the circuit breaker 11 or be flanged onto the same.

It is preferably provided that the circuit breaker 11 comprises a detector 1

according to the embodiments in accordance with the invention of a detector 1 as



Fig. 20 shows a bl ock diagramof a fourth preferred enbodi nent of a
detector in accordance with the inventjon; Fig. 17 shows a bl ock di agram of
a circuit breaker 11 which conprises break contacts for switching off an
electric network in a predeterm nabl e manner, with the break contacts being
triggerable by at |east one tripping unit 10, with the circuit breaker
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6 described below for detecting aperiodic, substantially erratic changes in
the anplitude of at |east one electric_paraneter within the electric
network, or is connected with the same! Such a detector 1 in accordance
with the invention can al so be arranged as a structurally independent unit
and can be arranged within or in the region of an electric network. Figs.
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the invention are implemented in respect of hardware and/or software in an
integrated circuit, e.g. in a digital signal processor (DSP), a microcontroller (uC),
a microprocessor {(uP), programmable logic device (PLD) and/or a field

programmable gate array (FPGA).

The invention further relates to a method for detecting aperiodic, substantially
erratic changes in the amplitude of at least one electric parameter, especially the
current and/or the voltage, within an electric network, with a progression over
time of the at least one electric parameter being recorded in a manner
substantially faithful to the signal and a first parameter signal 15 thus being

formed,
- with a predeterminable constant positive first value being assigned in a
first step to each positive component of the first parameter signal 15 and/or

a predeterminable constant negative second value being assigned to each



7 The second unit 5 for determining a pul se-duty factor of a rectangul ar
function is preferably arranged as a fjlter arrangenent 7, especially as a
band-pass filter and/or conb filter, and/or as a transformation unit 8. The
use and wor ki ng node of the second units 5 which are arranged in this way
and their individual advantages are described in detail in the description
of the net hogativeamoop@ande\whe firthparamuetntri ogmalTHefordtpdtiramin, td &
preferably arranged for tri ing a.trippin nit 10 of a switching

fevi ce. espbet aprgagudpy i P ED bt i Rl begr et HoRiskS t ne
respective gl@ghblepandied thRciiantitaly 0ué Ruishekefsflerah@ AivOMRMtR Al
tripping unit 10 of a swi tching device. Many sw tching devices conprise an
openi ng i n #AeFPthousi ng for exanpl e through which action can be taken by
means of pinsg on the tripping unit 10 of a sw tching devjce. The output
unit 6 can 't@é%é?@r%l@@ﬁﬁw’s%é@aérﬁtﬁp BIANE PR lbmEHAD Y 5@%&% al so be
arranged f ofecOxammhe sf@fal 1eadknibtéhed eAQr8¥c B APElcAhi AW Aluvef R qual
conventional residyal-current circyit breaker. It cag}é@g pr.ovi de,dq, as
iIlustrat ed“i'R I?Zii@%lgnﬁ te shopeeipps ?EW@%‘% EWP@PC%SﬁWe : kﬂ@ﬁg&wgwrt he
invention clalpid sanka, shad @h@!’r@%@ﬁ@ﬂ&%sb‘@ ih bAtdbdd apd hﬁélgh@@ the k8lue _
paraneter signha 5 generated t he sensor is,prepared for the follow ng

y
processi ng.7eAp HNPRiLrend rertapriiseignakst’ pathaelogmesi gnal 15 or a
transformation froma current signal into a voltage signal is preferably
provi ded. It R4 e %QPE@Ht}ﬂlﬁétSt%aiiWSHEHFS%GEU%YI ﬁaca%"r@&h@n%pg%f a
detector 1 jicBtageAkHaneR]wrtih deb&hime@ntion can be built or inplenmented in
di screte hardware. It can al so be provided that individual or all

conponent f -q?qaﬁ iﬂ(?t aﬁﬂi&,@ﬁug?i ﬂnﬁs@l}??te@ﬁﬂﬁ?fi%ttﬂhlb?ﬂdtﬁ;f&gbk mﬂccﬁﬁtgaferaol ement ed
in respect o r re and/.or sqoftware in. an integra Circui .g, in a
digital sigkdb @Pd%“@é%’éw by Tal #RLIBEbHE Pt Fase <(fF@c§?V1atlﬁmf&bP§Eégsor
(RP), programeaahey fagbs feayitEe pulldNuanticesr & 1fihel dbtpéeat sfankipergdie
array (FP&A). The,lﬁvention further rel atfs (%o@a' rreth][(zd for detecting

aperi odi c, siieilaeryata shange quaphudgel teprt leggeons eletneast one
el ectric pgjaamicer i€segaital |y the current and/or the voltage, within an

el ectric network, with a progression over tinme of the at |east one electric

par anet 8ficlp@i NetHRCRA S ekl havan oL ehdsistant capldiiné@abbialin tontdigiosl gnal
and a fir tg;)ar anet er mg&al ,;5.tﬂgs‘ bei.ng foytﬂied‘, ;é\n %g a pr edet erm nabl e
constanw@b G feerintiany o e Rr gt Ry ekl igrsgordprueeryit8the iBEe R 3Rach
posi tive. conpo of the first paraneter signal 15 and/or a, .
pr edet Sl ﬁﬁh@%%ﬁ%ﬁe@ﬁw Ogéﬁﬁa e Bt GG ’s‘%‘f"g‘ﬁg& %6 each 8
Pegati Vﬁn@@mlrtﬁﬂh foft bltiealﬁlbt(&{si@ﬁflhm&hgﬁcﬁi}@@@rig:ﬁﬁafﬁﬁl’asis a3ﬁgluuhta>t€hon, and a
irst rectangul ar signal 16 hei orr in sych a.v wth it being
e or aBro oy tantALl dRetr cheptoa it ATt S8 ol e
Hzlent( [ Cﬁ?raﬁﬁ@l&@ml 8% is peridrated lfbr&a}&'.mblsl@lchgeﬁhaﬁﬁﬁﬁglé cﬁ)hegbll’F&i.@%lﬁfW&f eld | B?

anks of the first rectangular si nal 16 ar etected, a predeternnable
third v'aﬁ‘*ﬁb‘T% §ilah apgrger l%ilghgggt%sgﬁ S?)@Eﬁliﬁ%%&%@ﬁn% signal
successi¥yahy thel ﬁx@wr@@aﬁﬂg&mgsigﬁaf ab lfbiiged hovakshe ddt g dfatoanstididsposed
in betwf‘ n are aaSL ned the value zero, and a seang.rec ang;gl ar shgnal 17
iS thUS g%lbﬁéjé}lle signum or precedmg-&gn functlon 15 applied1n a 1rst 8 P on the

first parameter signal 15, The first method step can be applied to the positive,

the negative or both components of the first parameter signal 15.

As g shown in IFig, 5, the flanks of the first rectangular signal 16 are detected in
the second method step, and a second rectangular signal 17 with predeterminable
amplitude is formed from the rising flanks. A rising and falling flank follows in
an alternating fashion in the second rectangular signal 17 on the rising flanks of
the first rectangular signal 16, The second method step is performed for the

positive or negative components of the first parameter signal 16.



- that in a subsequent third step a first pul se-duty factor of the second
rectangul ar signal 17 is determned;  that in a subsequent fourth step
the first pulse-duty factor is corrpareﬁl with the pul se-duty factor 1:1 and
that in the case of a deviation of the first pulse-duty factor fromthe
pul se-duty factor 1:1 the detection of an aperiodic, substantially erratic
change ‘bhetphesadpty farter of thehecand reatshzolver €beal 17 ¢s gatreanehed i s out put.
Such a .t h ) fec as.expl.ai ned, ahove in
connect %&% t EﬁS’ H@Qg@%}/@;@gﬁ&%gp (’g)hgihé” [ }%‘}c%le t%‘i ul§¥ e%ktglr" N %kbgg(cné’rwdé%%e with
t he i nvénty arele,Firgbis idlustraged landstupat esettha differéxtavagn Dlie phisenddtiyod i n
accor day, At th the Lpventi on a first. paranet ef ~Si i ¢h has
origi ng‘{%gmg\% Igﬁ’rdégouﬁb%fg ééaé)lgle&r’]?(’océlcfL lclflﬁ’d?ﬁ (‘%?gl%{ziegaﬁ (?5) del%géih i éctﬁ/éxg%‘ge of the
anpl i t udesighatats 4 eastlleheymnedtricat rpdrageiarsigasl asisgdreshoed hdrigeganpl e

by phasg- e congrol . . Fig. 3 Sho he recorded first paraneter signal
ﬁl %%g#}ho%ge gfé tthrjn% g e&udlgiio ﬁl%%n %1[1119

15. Fig A I'rst” paranmeter signal 15 and the first

rect ang'!’ilh%e affgarllglllt %%tkf?&%gvgfbggﬁ p}'gﬁo%eidrf% d%Ee%?ml%fm% r@ﬁe Bﬁi%&oﬁlu Txhafl\:io
so-cal | ed si gnum or "precedi'ng-sirgn ction"is applied inTa tirst step on
the firsttlpamatbodin scgndhntGwitthehd imsmntivet kach st ghidanfibe agpintedes o t he

positi Vﬁ%ﬁlﬁnggﬁgﬂe‘s’rﬁa@hgpﬁf%ﬁg@%@?ﬁg@%m@ﬂﬁatﬁ@ 3F RALRTELEr Signal 15,

As is s n I Fst rectangular signal 16 are
det ect ed i gt qnd . mat.hod. ) nd rectangul 17 with
pr edet eg%%#g%ﬁtigqﬁigg ﬁgg %]és)(“qu g?%@fﬂﬁ?? %dmg% ﬁdgﬁ’%?&gﬁrﬁg&ftﬁé%%ﬁ IR%WQ(?%\“ and
fal | i ngitfib amkvided|tibws fomdeierminerenidte palsé akstiy dacton of blee sewoddrectotgargul ar
signal 1 - I 1ySi fe _ t i 1S l.ar...si | ..16. The
second 4r%étn ﬁgéﬁgflegpélfdgﬂggrf{)%g ‘%88%1:8:1Hﬁﬁ%bloo%ﬁlﬁg{ee%gggﬁgggﬂlgggic%#ponents of
t he firbarpanmyed erfisitdgramage. If 9h¥secqud setadugylaf segwrl 16f carieerseeaond
rect ang slanal., 17,1 1N ;S IV < N Mgall od step.
The pul %e@@u@%ﬂ@%‘f%nrgdllgr g:%é%ﬁ,%g&% uggg g“ﬁ? ;F?lgglfé e_d,nmén ?Llhsﬂlkrlﬁﬁlg?%gt ed and
expr essehi¢nreirebentem weaysn rThkipalod e-faust yhafrasmoe. Juch & seairsb expressed in
speci al j.; iter . Q. Wit h 50% . ant I - .50-.C ed
symmet 11 EE e AbE LRI P, (el Bl the Do iucHEE PR EIAESBRREAM e of
ti me i scwatizlchrogehd tba apipietude, which has its cause in an intentional and non-
erroneous change of electric parameters. Fig. 6 shows an example for such a
second rectangular signal 17 in the frequency range. An aperiodic, substantially
erratic change of the amplitude on the other hand is obtained as a result of an
irregularly occurring fault and is expressed by a component of harmonics whose

frequency is the even-numbered multiple of a first harmonic.

In accordance with the first preferred arrangement of the third method step, it 1s
provided that the second rectangular signal 17 is transformed from the time
range to an image range, preferably in the frequency range, and subsequently the
even-numbered harmonics of a first harmonic are determined. It 1s thus possible,
especially in the case of implementing an FFT, to determine a first harmonic and
1ts harmonics in a very rapid and precise manner, and also the component of
even-numbered harmonics. This is especially advantageous when using a
processing in the detector 1. Such an arrangement 1s provided in a detector 1
according to Ifig 19 or 20.

According to the first preferred arrangement of the third method step, it is
provided that the second rectangular signal 17 is filtered by means of a filter

arrangement 7, especially by means of a band-pass filter or comb filter, and



Three different methods have been proposed for determ ning the pul se-duty
ratio in the nmethod in accordance with the invention, each of which offers
advant ages dependi ng on the manner of Phe pr oposed |an enentation of the
met hod. Accordi ng to a first and a second preferred arrangenent of the
third net hod step, is provided that for determ ning the pul se- duty
factor @ibﬂelqeceé&dhé aveutrangb{amd baxymanics Pfiatfiiss hamesiedafodet@rmined

predet epRiNAR@s ﬁmae%&orﬁig@s]%n%me%dd&%{ﬂm Gutqf iPalfsblsfitta mam c.

If the second rect angul ar _si concerns a symmetric rectangul a
si gnal , "pplegsitadiopanyaih s, Aadeﬁ%fﬁpbé wtbwmhe@qnéﬁemé@mmtéwhewé@ehe an
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harm)nl I'n acc nce vmt i Ist refer}régl rang nt of thethlrd
method S cepyred; qf 1 fﬁqr&vﬂw&t%’&tegﬁy susymaE the &H%awé eifgptl 17 is

t r ansf orgregn fulamsiheltiore range to an i mage range, preferably in the
frequency range, and subsequently the even-nunbered harnonics of a first
har moni Buatterdeirer aithed. preterired tintsn grosen todietheaspet igithyd stept leproask:dof
P! el AR sFl e 0t AhoRal of the DREIANG: Adadde Bl oM C2 1N 2
very rapi N Al e even- nunber ed
har noni sghtrFelied f‘r@metéq@emcand yc%tdvgnifag@euel mdm ulsil Agceatoprendessiengl in t he
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coef fi cleant 8ne @l@iricparhtedss. angenent according to Fig. 18. The frequency
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signal &@dl%gugtgl%rm&ﬁtu% BPM ﬂaa@F Bhe'e F}&‘ém %”Fxnfs (thggx'P?ﬂtcﬁlfm 4 dTF hod

step is pr he arotin hird val ue

i s added dte@lmmsgfathca&rcédmlis@mu&ﬁéa@etémn ﬂb%patﬂfgmiaw Eictgral 1 1arpdldationi r d

rectangy afe SirgAd db%cx‘il?t%ﬁc&ﬁbﬁﬁ%n% ttl‘?@ the ﬁlﬁllsllfihﬁ?%é%g%ﬁh tBb PRdde-
subsequ ntl%( belnqé rther checked é @t‘o free romoffset In this

r espect§ “?3{ 380 %@r‘i\%éﬁﬂ‘zéb gl Res BRoPUHE Qf grigeli st Os*ilgh%ﬁkl%% with
respect sidteit & Poset,ioter afippgganitVie of gpeitchonpoaent $s tMpgaddcan only be
achieved in the case of a second rectangular signal with symetric

pul se- dhtgs. fiaotldy 1lhrgtﬂmeytheynﬂer1dmhﬂmd)hoﬂ stzrqxsaﬂagdﬂ&arjb@dgﬂmlvelﬂ aditdt a

pul se-d 1 i t I m and

t her ef of;)uelydaIB gi&?e.chfl Vo ﬁg%g(yﬁcg“g% (’ﬁ%g ‘t’dﬂl@#ﬁgﬁgﬁ Mi 91%19 T ec% vol t age
conponeplecitic Harapeka, Cf‘t“ﬁﬁé bé(l 4 @wgdhfﬂam ag The dilfrﬁfemnttazm >ek elérn@ictteilsm to the

det ect i pArAbnAR eﬁv@%ﬁéeﬁ(ﬂy Qho@ﬁﬁﬁtﬁ@ ﬁ@'dfﬂlcﬁri@txbﬁln@@@mﬁ%d% thbgaapl i tude of
at | east one el'ﬁﬁtrlc ﬁaramater fourth net hod steg ﬂ]e dete tion of

an aper #BEOLS sUplt $Y ﬁwynéﬂr%'w& RGP CRR Cairpli ! HPnéPt gast one
el ectri gnpasraliei@onics. out put in the case of a deviation of the first

pul se-duty factor fromthe pul se-duty factor 1:1 in addition to the already
descri bed conparison of the first pulse-duty factor with the pul se-duty
factor 1:1. This neans there is either the output of a notice to a checking
systemor a user, or a tripping unit 10 of a switching device is triggered.



Figs. 7 to 10 illustrate the individual nethod steps as described above in
a first paraneter signal 15 which has an aperiodic, substantially erratic
change of an electric paraneter caused'by a serial fault 18. The different
weak characteristic harnonics are clearly shown in Fig. 10 which
approxi mately have the sane anounts. That is why even-nunbered harnonics
can be be#m tascaddiotiadledt patahle] Gndve S hheirvoni the.spetik] kasd teatcase of
so-cal led,parallel faults 19 there.is the specjal case that an.additional
S onal  ShREA! sfnal Fkh b alisEnT indutai oo RbRHE h S BPui i budtaar anet or
si gnal . phigsetet bidrnl1Bidd. usbria 8lusbe thiths irpaparmhefersign@l a@hdhd hesd i r st
and second rectangul ar signal of an aperjodically disﬁur ed first paraneter
si gnal 484 soEai! YerEargmar shnadiof pnemesiqdicalin AdRriyid Epd rarasetpapianed er
signal {5 &itﬁ%‘ﬂe%tﬂ)@k&ﬂ&iél‘?f@gl“dt?(?@{eﬁt re6i9%he st allﬁn?de!r%ﬁmtg &%gﬂgl rst

I 15 d the & a gnal 16,

par anet er si gna an irst and second rectangul ar si 7 of

per i odi keingyredogniaabled Figs: 9t toaktartbisératgitgndirst parawnetert hgnsubs tadtthal | y

erraticgg 7 the, fi e kbgnal . 15 hej racognj zable. in the
Firot nafoRtEReghamBeald dhs PRRATRGETL ) Ffkiotde§ PRb G000 Goa £
addi t i opataonéiee sappdli Katdioh thé stbetapuidlysexgatinchangts ohthelliestspgaumter

function is Ep%refo[e noy(%iplied to all conponents of the first paraneter
si gnal ‘1ERahdp PSHIE T 98PHE A eas whi ch have an increased anplitude. It is

therefore provided that in the first st he first, value.js assigned to

boot t1 vl BB DESEREEAGE Stehothe Aetecha atehb datiivdhr st rirvided Soedsfiopal ue

to negaﬁ e SefipenRM of m‘ebﬁm g‘igﬁ?fn fuaicaivel Qﬂqeﬁjigﬂﬂmn %ﬁz_cbﬁeh\ﬁ@eheidﬁfre

t enpor a successiye, substantially erratic change cl ve a |arger
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1S then.,. rt ner r.ocessed .an eva at ed. as escri be VE. t Is
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first hrrﬁtghad 15t deesceand ivaﬂu(-?ui n% igntmar a‘ﬁlgbneﬂﬂﬁ (ﬂrtﬁﬁrﬁr@ppaemgwrze

swi t ch-an sses, it is prefera rovi ded that the first paraneter

ST nel SenRl S EREF Son tiaa a0V RBrthsR SaRga B el BhaRel RS

Lnt er me}_dhe% @Hﬂr@ir(}frﬁﬂliflg_i(? ?n piletiehen Wh@dﬁbﬁp@ﬁil?@ﬁbﬁ@igﬁélnm Bbié)r@&h% f grt her
e provided to gperate erent arrangenments of t escri bed nethod or

or e et ahDanbentate Fhingt (e PH SR Gota Ry flepial § 6 ARG P BRGSO

par al | efurtBe®prdcds@ddend boaRrvabdakelcapriBedaplex first paranmeter signals 15

whi ch are conposed of a plurality of individual signals with different

anpl i t utes.prefgabBOpsivoded ehdl osth shicagnany dbsatiohl anaapeangeseithe Hrdéth a
fourth uqiﬂ %QLng‘prqvhd%ngqr | evel ,separation and a fifth unit for
al | ocat TIE P HhESH AT St Yy R Sl | t udes. The il lustrated embodi ment

conprises differently arranged second unjts for deternini a pul se-duty
Factor - hbgttan SaERoutied ShalEr Gy PESG Frnet toiel Temd T ageltnau il BSe )
parameter signal 15, which is especially a temporally non-periodic signal, is

mtermediately stored for a predeterminable period of time.

It can further be provided to operate different arrangements of the described
method or different embodiments of the described detector 1 in an arrangement
in parallel, e.g. 1n order to evaluate more complex first parameter signals 15
which are composed of a plurality of individual signals with different amplitudes.
Fig. 20 shows a block diagram of such an arrangement, with a fourth unit being
provided for level separation and a fifth unit for allocating the flanks to different
amplitudes. The 1llustrated embodiment comprises differently arranged second
units for determining a pulse-duty factor, but it can also be provided that they

are arranged identically.



12 Further enbodiments in accordance with the invention nerely have a part
of the described features. Any conbing&ion of features can be provided,
especially also of different described“enbodi nents. 13 CLAIMS: 1. A
circuit breaker (11) which conprises break contacts for switching off an
electric network in a predeterm nabl e manner, with the break contacts being
tri ggerEbitmebyenwiodimmn:s onecdarilppeagitinite 1rﬁz@htio@haeadyém'vzedphﬂ dafhdt t he

CIrCUIt bre has a detect 1 etectin er.i.o tantially
crrati AR ader e R B iaet e ORfeA BT Cange ERGUHPRC T HEt SFow t b n
t he el egitdiffersral dickibedGnbdhBoiddtppi Ng unit (10) is operatively connected
with the detector (1). 2. A detector (1) with a sensor (2) for recording a
progression over tinme of the at |east one electric paraneter in a nmanner
substantially faithful to the signal, characterized in that the detector
(1) is arranged for detecting aperiodic, substantially erratic changes in
the anplitude of at |east one electric paranmeter, especially the current
and/or the voltage, within an electric network, preferably according to a
nmet hod according to one of the clains 7 to 16. 3. A detector (1) according
to claim?2, characterized in that one output of the sensor (2) is applied
to an input of a first unit (3) for formng a signumfunction, one output
of the first unit (3) is applied to one input of a flank detector (4), one
output of the flank detector (4) is applied to an input of a second unit
(5) for determning a pulse-duty factor of a rectangular function, and one
out put of the second unit (5) is applied to an input of an output unit (6).
4. A detector (1) according to claim3, characterized in that the second
unit (5) is arranged as a filter arrangenent (7), especially as a band-pass
filter and/or a conb filter.



5. A detector (1) according to claim3 or 4, characterized in that the
second unit (5) is arranged as a tranﬁgornation unit (8). 6. A detector
(1) according to one of the clainms 3 t6 5, characterized in that the out put
unit (6) is arranged for triggering a tripping unit (10) of a sw tching
device, especially a circuit breaker (11). 7. A method for detecting
aperiodic, substantially erratic changes in the anplitude of at |east one
el ectric paraneter, especially the current and/or the voltage, within an

el ectric network, with a progressiqﬂhgng:tine of the at |east one electric
paraneter being recorded in a manner Su antially faithful to the signa
and a first paraneter signal (15) thus being fornmed, characterized in that
- a predeterm nable constant positive first value is assigned in a first

step to,each, positive ¢o ent.of the .first parameter. signal.(15). and/or a
o eniet obm nabrecbereEaker REDaP hird watorir s Rieak o TRUE oRsENEL taal slogar | v
conponegitcic hdgvdiikrista padBiain18 M n A )vitlPth bsedleshaativieidyr ati on,
and a fjirst rectanguL%lr signal (16) is fs)rmad in such a way; -.that in a
subsequEHRESBREN 3t &nst BF Agrerng ank (1) rahairgtestzedia Wit she castEngul ar

si gnal §18keRM8sdedaSLeS: (171" RAELER dgéﬂbﬁic?gﬁﬁét%ﬁftiatl &?a?’i@'cﬁﬁng&eﬂy?"
zero is assigned to the regions between two successively followng rising
or fal lthegamphitkde ohatllaase one gilavtsic diagpowéer withontthe ehecirie raswioghethd he

I : d ngul ignal (7). i d, - th [
= subs e AR R REERR s PER PR RouSHEED with the' A (UBCond rect angul ar

signal (17) is determned; - that in a subsequent fourth step the first
pul se-duty factor is conpared with the pul se-duty factor 1:1 and that in
the casg of A ddeydtat (Dnviah 4 Bendoir () fopuks@-ditg v rdgt@sidit ovart figepaflthe- duty

factor 1:1 the deieqtion of an aperi odi c, ubstanﬁi Ijglﬁpra ic,ch%nge of
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characterized in that the detector (1) is arranged for detecting aperiodic,
gubstantially erratic changes in the amplitude of at least one electric parameter,
especially the current and/or the voltage, within an electric network, preferably

according to a method according to one of the claims 7 to 16.

3. A detector (1) according to claim 2, characterized in that one output of the
sensor (2) is applied to an input of a first unit (3) for forming a signum function,
one output of the first unit (3) is applied to one input of a flank detector (4), one
output of the flank detector (4) is applied to an input of a second unit (5) for
determining a pulse-duty factor of a rectangular function, and one output of the

second unit (5) is applied to an input of an output unit (6).

4. A detector (1) according to claim 3, characterized in that the second unit (5)
is arranged as a filter arrangement (7), especially as a band-pass filter and/or a

comb hlter,

5. A detector (1) according to claim 3 or 4, characterized in that the second

unit (5) is arranged as a transformation unit (8).



8. A nmethod according to claim7, characterized in that in the first step
the first value is assigned to positive conponents of the first paraneter
signal (15) and the second value to nedati ve conponents of the first
paranmeter signal (15) between two tenporally successive, substantially
erratic changes which have a larger anplitude in relation to the first

par amet &r si nktedtdb ) Domfcordnthe emebstthnteldimsy3 es batharachangel inlthatd. A
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factor of the second rectangular signal (17) it is checked for a

pr edet er mi nabl e conponent of even-nunbered harnonics of a first harnonic.
11. A nmethod according to one of the clainms 7 to 10, characterized in that
the secénd rddnaidyd faF detepibie gacrjodis, subsiarbpHegriatdnrhaesas wedheange to an
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filtered by means of a filter arrangenment (7), especially by neans of a
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harnonics of a first harnonic are determned. 14. A n%t hod according to
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component of the first parameter signal (15) for its respective duration, and
a first rectangular signal (16) is formed in such a way;

- that in a subsequent second step rising or falling flanks of the first
rectangular signal (16) are detected, a predeterminable constant third value
unequal zero 1s assigned to the regions between two successively following
rising or falling flanks, and the regions disposed in between are assigned the
value zero, and a second rectangular signal (17) is thus formed;

- that in a subsequent third step a first pulse-duty factor of the second
rectangular signal (17) is determined;

- that in a subsequent fourth step the first pulse-duty factor is compared
with the pulse-duty factor 1:1 and that in the case of a deviation of the first
pulse-duty factor from the pulse-duty factor 1:1 the detection of an aperiodic,
substantially erratic change of the amphtude of the at least one electric

parameter 18 output.

8. A method according to claim 7, characterized in that in the first step the
first value is assigned to positive components of the first parameter signal (15)
and the second value to negative components of the first parameter signal (15)
between two temporally successive, substantially erratic changes which have a
larger amplitude in relation to the first parameter signal (15) before the
substantially erratic change.



15. A nmethod according to one of the clains 7 to 14, characterized in that
a signal wwth half the anmount of the third value is added to or subtracted
fromthe second rectangul ar signal (171)°, and a third rectangular signal is
thus forned, and subsequently the third rectangul ar signal is checked for

freedomfromoffset. 16. A nethod according to one of the clainms 7 to 15,
char act 8r i zed methodatccprdingiteglaipar st shasagaeived Whitbhat the Begesilukly a

t enpor ahhy thOBeRRId PG 181v@NAbntit Sl dRbahpediately stored for a
predet er mi nabl e period of tine.

10. A method according to one of the claims 7 to 9, characterized in that for
determining the pulse-duty factor of the second rectangular signal (17) it is
checked for a predeterminable component of even-numbered harmonics of a first

harmonic.

11. A method according to one of the claims 7 to 10, characterized in that the
second rectangular signal (17) is transformed from the time range to an image
range, and subsequently the even-numbered harmonics of a first harmonic are

determined.

12. A method according to claim 11, characterized in that the second
rectangular signal (17) is transformed from the time range to the frequency
range, and subsequently the even-numbered harmonics of a first harmonic are

determined.

13. A method according to one of the claims 7 to 12, characterized in that the
second rectangular signal (17) is filtered by means of a filter arrangement (7),
especially by means of a band-pass filter or comb filter, and subsequently the

even-numbered harmonics of a first harmonic are determined.

14. A method according to claim 13, characterized in that the filter constants
of the filter arrangement (7) are adapted to a determined frequency of a first

harmonic.

15. A method according to one of the claims 7 to 14, characterized in that a
gignal with half the amount of the third value 1s added to or subtracted from the
second rectangular signal (17), and a third rectangular signal is thus formed, and

subsequently the third rectangular signal is checked for freedom from offset.

16. A method according to one of the claims 7 to 15, characterized in that the
first parameter signal, which is especially a temporally non-periodic signal, is

mtermediately stored for a predeterminable period of time,



