1 Description Switch disconnector for galvanic direct current interruption The invention relates to a
disconnecting apparatus for direct current interruption between a direct current source and an
electrical device, 5having a current-conducting mechanical switching contact and semi- conductor
electronics connected in parallel therewith, accordingito the pre-characterizing clause of claim 1. Such
a disconnecting apparatus is known, for example, from DE 10 2005 040 432 Al. A direct current source
is hereby understood in particular to be a 10phokdeetEptigenerator (solar installation) and an electrical
device is understood in particular to be an inverter. DE 20 2008 010 312 U1 discloses a photovoltaic

installation or solar ingalla¢k i isuomhectoictdiedaivainiwihiegananasnt ahrdptitmpart consists of
solar panels combined in groups to form partial generators, 15connected in series or present in

parallel rows. Wiylg fpariihORSaLan de NS ARGl SERAIAUIBHHHacR fRIminals, the direct

current output of the whole photovoltaic generator is fed via an inverter into an alternating current

voltage networkiNi¢ RSO ORIME e rRiFiFRFlecECT HPIERRYAHICCARIME deRh SR ¥ER sses between the
partial geneyatorz ging e GeBHRE AU IRURIEEM SeneRies) SRNRIRIY ddMitienfRxes e arranged close

to the partial generators. The direct current output commutated in this way is normally conducted via a
common cable @PIMUEERfRIEFIRAES 2NRRYEAIMEIA tBLIBGERNHh aafsaIslBE AR thR tRIRttion, on the

one hand, perma%@a&?ﬂiﬁaré@@s@@r@tmcwsmﬁraafb@ameﬂﬂg uplsa0tI BASIARNge between
180V (DC) and 1500V (DC) and, on the other hand, for example for the purpose of installation,

mounting or ser{RiRYeaNBIe Barmddfar §etalfA® HPstéct-people too, a reliable disconnection is

desired of the electrical components or devices from the photovoltaic installation which acts as a direct
current source, A dineespondinigsdiscEnisdotrep g aEsitos imusaldealslettobeffact an interruption

under Ioaq,ol.e. ‘F’)"H'&%%ﬂg}’c generator (solar installation) and an electrical device is

understood in particular to be an inverter.

DE 20 2008 010 312 U1 discloses a photovoltaic installation or solar
installation having a so-called photovoltaic generator which for its part
consists of solar panels combined in groups to form partial generators,

15 connected in series or present in parallel rows. While a partial generator
delivers its direct current output via two terminals, the direct current output
of the whole photovoltaic generator is fed via an inverter into an alternating
current voltage network. In order thereby to minimize the complexity of
cabling and power losses between the partial generators and the central

20  inverter, so-called generator junction boxes are arranged close to the
partial generators. The direct current output commutated in this way is

normally conducted via a common cable to the central inverter.

As, depending on the system, a photovoltaic installation, on the one hand,
permanently delivers an operating current and an operating voltage in the

25  range between 180V (DC) and 1500V (DC) and, on the other hand, for
example for the purpose of installation, mounting or servicing and in
particular generally to protect people too, a reliable disconnection is desired
of the electrical components or devices from the photovoltaic installation
which acts as a direct current source, a corresponding disconnecting

30 apparatus must be able to effect an interruption under load, i.e. without any
prior switching off of the direct current source.



prior switching off of the direct current source. 2 For load disconnection, a mechanical switch
(switching contact) can be used which has the advantage that a galvanic disconnection of the
electrical device (inverter) from the direct current source (photovoltaic installation) is produced when
the contact has been opened. The 5disadvantages, ®wever, exist that such mechanical switching
contacts become worn out very quickly because of the arc which occurs when the contact is opened,
and that additiofr@r éapdriiedeneegiien i meriradierlicvdtcArigvetehiogotiachrcanwitieh is normally

effected by a caor wﬁlypﬂﬁlg i i I Iguishl f, in contrast,

powerful semic%ur%;d():tor switc e‘ﬂsh]g%&l%éﬁw twg%:ga ﬁgﬂ%ﬁﬂ%&@ﬁa‘aﬁﬁa le power losses at the

semiconductorseiesirsed eviem finue Bperfigon the sliigigbeyrergaoane driteiavetadh and hence no

reliable protecti%fgnm%ii &4 Wﬁgﬁw wwc?éﬁgggig%%u& ﬁe&}ﬁ-plgz 25 259 B3 discloses
15load di

an electrical plug-in connector, designed as a iIsconnector, which, in the manner of a hybrid
switch, hasba sefifiagvantigeswiereyemnexish that Riah foeehanigae svitghingisaitactde housing of

the inverter as well g naig AN PUNARERN IS MAICR AlisCORyBRER R e AlRIRRanels. The

main contact, which is the leading one in the’unplugging process, is connected in parallel with the

trailing 20auxili#9riaatasonanese asiiany addtiehaorrretss i sedesaliin feekidiconductor switch
element. The S%HGBQQ%WC%’W%_\%W%@EH& W%H%WBU%W %rfq%tgaqﬁ\éent the occurrence of an

arc or extinguish such an arc, by being periodically switched onand off. DE"103 15 982 A2 discloses,
for the interruptie®r SSieRst edieeehamoptiave Bl awiitd HAGHENS WsBNT Ghembstitch with an
electromagnetically actuated main contact and an IGBT (insulated gate bipolar transistor) as the
semiconduotor $fyitclontrast, powerful semiconductor switches are used for the load

disconnection, unavoidable power losses at the semiconductors also occur
in normal operation. In addition, no galvanic disconnection and hence no

reliable protection for people is ensured with such power semiconductors.

DE 102 25 259 B3 discloses an electrical plug-in connector, designed as a

15 load disconnector, which, in the manner of a hybrid switch, has a
semiconductor switch element in the form, for example, of a thyristor in the
housing of the inverter as well as main and auxiliary contacts which are
connected to photovoltaic panels. The main contact, which is the leading
one in the unplugging process, is connected in parallel with the trailing

20  auxiliary contact and the auxiliary contact connected in series with the
semiconductor switch element. The semiconductor switch element is here
controlled in order to prevent the occurrence of an arc or extinguish such
an arc, by being periodically switched on and off.

DE 103 15 982 A2 discloses, for the interruption of direct current, a hybrid
25  electromagnetic direct current switch with an electromagnetically actuated
main contact and an IGBT (insulated gate bipolar transistor) as the

semiconductor switch.

However, known hybrid switches always have an external energy source
for controlling the semiconductor switch and for operating semiconductor
30 electronics into which the semiconductor switch is inserted.



However, known hybrid switches always have an external energy source for controlling the
semiconductor switch and for operating semiconductor 30electronics into which the semiconductor
switch is inserted. 3 The object of the invention is to provide a particularly suitable disconnecting
apparatus for direct current interruption between a dirgct current source, in particular a photovoltaic
generator, and an electrical device, in particular an inverter. This object is achieved according to the
invention by the featakéiecdOEIHIminvertianisparpsdddeha Bridicnirittiayitabileh suitably comprises a

mechanical swilgldiksheRisiad Wﬁﬂmﬁﬁeﬁgﬂﬁ@é%@t’?éﬁpiﬁfe?h%EiQHrﬁg%éﬁ-af‘éﬁ@&tarc duration of

less than 1ms, preferably less than or equal to 500ps. The mechanical switching contact (switch or
disconnecting e%lrﬂsﬁﬁ)%?@%8@(&6%&8@%@9&&8&&&%‘%@é]@&fbﬁl@gg h comprise a

first semicondudevisejtehparédelablyraimyeisdr, and a secondary semiconductor switch, preferably a
MOSFET The semiconductor electronics of the disconnecting switch according to the invention have

no additiongl ermergy SigjesiaLacHiONse adediyinghenriben/emeshyicab Fudtlids epsesmact as a
current barrier, i (‘al\ﬁavFﬁ.a hiﬁh im§eijjéanﬁ?e and are thus v&ﬁ&lllyté:ﬂrent- and voltage-free. As, when
the mechanical % it2h bs GRS Al LeC 6%%?{]%%(; NS LR ESHBRIL R Bnductor electronics
and therefore tmw%nmm@domamwmmawigm f@aanafmmfosmm@mswmm, the
semiconductor 2Qciguit lsa eRHSESNBMEYEHARSAS YhRarasIAERaNcah il i glpsed. Instead,

the semiconductor electronics obtain the energy it needs for operation from the disconnecting

apparatus, i.e. iRIBHRe IsAGEENERS AHERIPaERNIREI(SHHECR X Eip R RRE HIRAIRM8RBurs when

the mechanical gwgtaihisceng e gasatlledthrs antlossel i tkisofr oot al tiighicdhipriseessemiconductor
electronics or thﬁer emicondu&tor switch is her?byag?)nnﬁci?g.fo the, mechanical switching contacts in
g'dorta

such a way that, W 33%%%%#8%065%%9 he'&r Se, croSsaﬂwdeaS\%?t%%n A1 switching contacts

and the semicosemieersloctasrivatcbnpeaferabypaddbtHefewith, as a consequence of the arc makes
the semiconductor electronics current- 30conductive, i.e. with a low impedance and hence
current-carryingThe semiconductor electronics of the disconnecting switch according to the

invention have no additional energy source and consequently, when the
15 mechanical switch is closed, act as a current barrier, i.e. have a high
impedance and are thus virtually current- and voltage-free. As, when the
mechanical switching contacts are closed, no current flows across the
semiconductor electronics and therefore there is no voltage drop in
particular across the or each semiconductor switch, the semiconductor
20  circuit also causes no power losses when the mechanical switch is closed.
Instead, the semiconductor electronics obtain the energy it needs for
operation from the disconnecting apparatus, i.e. from the disconnecting
switch system itself. The energy of the arc which occurs when the
mechanical switch is opened is called on and used for this. A control input
25  for the semiconductor electronics or the semiconductor switch is hereby
connected to the mechanical switching contacts in such a way that, when
the switch opens, the arc voltage, across the switch or its switching
contacts and the semiconductor electronics connected in parallel therewith,
as a consequence of the arc makes the semiconductor electronics current-
30 conductive, i.e. with a low impedance and hence current-carrying.

As soon as the semiconductor electronics become even slightly current-
conductive, the arc current begins to commutate from the mechanical switch
to the semiconductor electronics. The corresponding arc voltage or the arc



As soon as the semiconductor electronics become even slightly current-conductive, the arc current
begins to commutate from the mechanical switch to the semiconductor electronics. The corresponding
arc voltage or the arc 4 current hereby charges an energy store preferably in the form of a condenser
which discharges with the generation of a control voltége specifically in order to switch off the
semiconductor electronics with no arc being formed. The preset duration or time constant and hence
the charging SdavétRIN bEMeS L aBAIPSIcE enetgeinserpieferameinttiedaration af the arc. Following

the charging pr%ﬁ%ﬁs@?\%Wﬁ(ﬂ&*ﬂé(r’@@é‘ﬁriﬂ“ﬂi&fg‘@ﬂ%ﬁ% R RICORABFIRIgIgEtronics are

controlled with no arc being formed and So as to create a current barrier. The duration of the timer is

thus set so as tGRGEHSANY EhfI il ETFREANH PIRIMEQIMAP LE IPELrARIGT YR MA afRe invention

thus starts fromygamganeerRdrha hidyi disetivnestinaarriaiis desigiattade Rng-§iygrterminal
network can be éﬁe for shockproof and reliable direct current interruption, when semjconductor

electronics tan BE'AYRH & ﬁfﬁﬁﬂ?éﬁyoﬁﬂfgoQIrEQ'bﬁi‘%&ﬁam?TSH@#aﬁs%ﬁ%%ﬁﬁtmr%&hebe achieved,

as is recognizedyrby the arc energy that is generated when a mechanical switch connected in parallel
with the electronics is opened being used for the operation of electronics. To do this, the electronics

could have an engfigyFig ha/BICAr §igas 6635 PRH&H Sherér: “@fQMé’V*&iGHrji@ RRRM@e available to

the electronics for a 20determined operating period which should be calibrated so as to ensure reliable

extinguishing offRBERNGH QS Bt HERNIGRKBEI FRINTOHRI W SRR PG AT $H AMRPas an energy
store determinegsifoGsraitecH @i itht & eluniq Restiiedtitreciaginaslustius eeeclargimtime

constant of the energy store. The charging 25duration of the en store and hence the arc duration
o Droreratly seERoH SAlE ML e AR Ceqhag o R S d s duration ks on
the one hand, short enough to reliably prevent undesired contact erosion of the switching contacts of

the mechanical SAfdRVeSRgR st ARAdraRsR Gt PR iB1R) @ MYBEK @snedivg supply of the

30semiconductepigritasige srjribe askspareaveuEHAnAeisrvineddy hae b fand within which the

electronics are c%ntr lled f{
shockproo

%Wdtrr]eelilét)vaélré}?ee&agucrer}ent interruption, when semiconductor
electronics can be used without their own source of auxiliary energy. This

15 inturn can be achieved, as is recognized, by the arc energy that is
generated when a mechanical switch connected in parallel with the
electronics is opened being used for the operation of electronics. To do
this, the electronics could have an energy store which stores at least part of
the arc energy which is then made available to the electronics for a

20  determined operating period which should be calibrated so as to ensure

reliable extinguishing of the arc.

In a preferred embodiment, the condenser expediently provided as an
energy store determines, in conjunction with an ohmic resistor, the charging
duration or charging time constant of the energy store. The charging

25  duration of the energy store and hence the arc duration is preferably set at
less than 1ms, and expediently at less than or equal to 0.5ms. This duration
is, on the one hand, short enough to reliably prevent undesired contact
erosion of the switching contacts of the mechanical switch. On the other
hand, this duration is long enough to ensure self-supply of the

30  semiconductor electronics for the subsequent duration determined by the

timer and within which the electronics are controlled from the low-impedance



5 commutating state into the high-impedance switched-off state (starting state). After the timer has
elapsed, it is ensured that the extinguished arc cannot reoccur even with electronics connected with
high impedance. Reliable disconnection and direct current interruption are consequently 5obtained. A
further mechanical disconnecting switch is suitably pmvided as an additional safety element for a
reliable galvanic interruption and disconnection and is connected in series with the parallel circuit
consisting of theameahdalizg siateliriadhBdigripesdaces switthriceflaia(ptadigarly preferred

embodiment, the,semiognaFIOTAICHAYEAAABATRSS K RddlioIhiA tHe BRRrALRsicanductor

switch preferably gned as an IGBT, a r power or semiconductor preferably
takes the form cfa MO SIEETUhEMEN dxidlectechiebitsetonfelgdafidt iigh dikesganae. IGBT which can

be controlled alipgat KAk ANCKTRANEI AR PRIV 90 FapROHssIR shesapigriRics ol a high

blocking voltage Is thus connected suitably in series with the further semiconductor switch (MOSFET)
in the mant¥er opltaiRbde arrangement. The semiconductor switches thus form a commutation path
parallel with the main current path formed by the mechanical switch and onto which the arc 20current
is increasingly camnthtatecewfithrtioairdaduamieatingyitetitohén suithbl ooridedueaa of the or each

semiconductor switch being turned on. The arc voltage which. decreases during the commutation
erass the ybra LB SRt Sk e P R S et P ctromiee e boteen
approximgtely 1&¥camih SEharPant ésfeehsentsd nugetdsswitbhlEsiarale ficktcuitroethsistinguch a way
that sufficient volﬁﬁe to cillar e the er@é%%%e for example 12V (’[:),[i(gléqcan be tapped between the

two semiconducior SWitEH saﬂ'r?%kﬁé‘f' §§§§T&5’&’Q 88}%? ?A (SKere. 6

10 In a particularly preferred embodiment, the semiconductor electronics
comprise, in addition to the power or semiconductor switch preferably
designed as an IGBT, a further power or semiconductor switch which
preferably takes the form of a MOSFET (metal oxide semiconductor field-
effect transistor). The IGBT which can be controlled almost without any

15 power and displays good transmission characteristics at a high blocking
voltage is thus connected suitably in series with the further semiconductor
switch (MOSFET) in the manner of a cascode arrangement. The
semiconductor switches thus form a commutation path parallel with the
main current path formed by the mechanical switch and onto which the arc

20  current is increasingly commutated with the mechanical switch open and as
a consequence of the or each semiconductor switch being turned on. The
arc voltage which decreases during the commutation across the hybrid
disconnecting switch and hence across the semiconductor electronics is
between approximately 15V and 30V.

25  The first semiconductor switch (IGBT) is first turned on in such a way that
sufficient voltage to charge the energy store, for example 12V (DC), can be
tapped between the two semiconductor switches, in other words at a
cascode center tap, as it were.



This voltage is used to charge the energy store and its stored energy is used in turn to control the
semiconductor switches in the semiconductor electronics, so that the two semiconductor switches
which are to be switched through can be completely switched off again, i.e. controlled so 5that they act
as a current barrier. The main path is then opened gavanically and the commutation path parallel
thereto has a high impedance with the result that the high direct current voltage (permanently)
generated by théhiFecliagedatusadde appgadha anergbatd tisaodiscsiogashearaytis for example,

more than 1000y} tﬂﬁ?‘fbé@ﬁﬁ?ﬁ&rﬁ@%gﬁ_ﬁ%%@ﬁé‘?%me&. MM IR EC extinguished

but the plasma thereby create also co Complete galvanic direct current interruption is obtained
by opening the glecHanicsl atbahiimossptticonabetoes\yitsbas supiah tare &ut@chic hybrid switch.

15The ad"a“ta%%ﬁtBH?dr{ﬂ?o‘Uéﬁﬁ {0 IBYBIR |gt?%§§mo%r&%#aa¢am QEHHRIY gaergy source or

additional auxiliary energy is required to supply ectronics, owing to t e use of an autarchic hybrid
disconnecting apjsirtney achatch eHE eehliaoiriudibe enaitr als ircihenopenedggly arisabyl for their

own supply of vliaa Bt RIM NEROSSHRN IRI RS RAMERRAN IR SRl i9ARaREC: The

semiconductor electronics are preferably designed as a two-terminal network and have high
impedance whefeét thathagibigraitentiswikdo dnamnananRentp aeeeraésdPydber at the hybrid

disconnecting agRBERYIRALANEINGLISNCSIOR e BRccisl et pResatiawART s cisconnecting

apparatus according to the invention is preferably also suitably provided-to interrupt direct current in

the direct c'urrerﬁfﬂmﬁtﬁ'a Fﬁﬁ@a’fhﬁ_ﬁd Qggﬁﬂ_m)!tlﬁ&‘hé@@@*@@ﬁ%w&ﬁd bﬂéﬁlﬁqﬂ@l&hechgnical
disconnecting syt dhisnAHiaIHIG RY BUEHY SRS SR eHRANAE S R HRBIF IR RAY IS YRy suited for

reliable and shockproof galvanic direct 30current interruption both between a photovoltaic installation
and an inverter 688dated therewith and in conjunction with, for example, a fuel cell system or an
accumulator (battery). 7 Exemplary embodiments of the invention are explained in more detail below
with reference t€tmepledevgaisamondirelet Burrent interruption is obtained by opening the

mechanical disconnecting switch connected in series with this autarchic
hybrid switch.

15 The advantages obtained with the invention consist in particular in that no
external energy source or additional auxiliary energy is required to supply
the electronics, owing to the use of an autarchic hybrid disconnecting
apparatus in which the semiconductor electronics remove the energy
needed for their own supply of voltage from the arc which occurs when the

20  mechanical switch is opened. The semiconductor electronics are preferably
designed as a two-terminal network and have high impedance when the
mechanical switch is closed, so that virtually no power losses occur at the
hybrid disconnecting apparatus according to the invention during normal
load operation.

25  The disconnecting apparatus according to the invention is preferably also
suitably provided to interrupt direct current in the direct current voltage
range up to 1500V (DC). In the preferred use of the additional mechanical
disconnecting switch, this autarchic hybrid disconnecting apparatus is
therefore particularly suited for reliable and shockproof galvanic direct

30 current interruption both between a photovoltaic installation and an inverter
associated therewith and in conjunction with, for example, a fuel cell
system or an accumulator (battery).



10 Figure 1 Figure 2 Figure 3 shows, in a block circuit diagram, the disconnecting apparatus according
to the invention with an autarchic hybrid disconnecting switch between a photovoltaic generator and an
inverter, shows, in a comparatively more detailed circuit diagram, the disconnecting apparatus with two
semiconductor switches in a cascode arrangement aidd with condensers as energy stores, and shows,
in a graph plotting current/voltage against time, the resulting course of switch current and voltage over

time before, durbrgairlatftantodixnagtsHittednsaniien are RKHNC BT eSO t#iR) parts are
provided in bOt*bEISW%tWiFQ;]E?E 8 ﬁ%eépéwﬁssymﬂﬁhlfigure 1 shows diagrammatically a
ich, In't ar

disconnecting apparatus 1 w e exemp embodiment, is connected between a photovoltaic
generator 2 andFan invirter 3. The hotO\@Itz%}('Cé?ener tor 2 comprises a numﬁer of solar panels 4
which lie parallel RitFPohe an&'ﬂu%‘?’ nd &ERH G U ARYR Do g ﬁf)é)ﬂﬂ?l% 8% box 5 which serves,
as it were, as an energy colleapipanabirst aTherdisgotonibetimy apjienasiih Boaafaises; ythemain current
path 6 representing the positygs teyipioly WA RRLRACH DHASILRALQeIREIBH dngdelow as a

te a

mechanical switch, and semiconductor electronics 8 25conne In parallel therewith. The
mechanical switch 7 and the 6@ flictor electronics 8 form an autarchic hybrid disconnecting

switch. A furtheFiylyddodiscorpecifdrewitempaiaaalymeonadeeisatshanriagnare dejail, be
connected in the return line 9, representing the negative.terminal, of the disconnecting apparatus 1,
i honee the whole 30instaltASER AU e AR O O P PSR LIS further
mechanical disconnecting eleinegsd@earisagerangbdribikiiin dondensers ine(ergy path) 6

representing the positive termipgland i the return line 9 for a 8 complete galvanic disconnection or
direct current interruption between the photovoltaic generator 2 and the inverter 3. The semiconductor

electronics 8 esEEHIRIY com SV dBrAiIS5ARDRITENGEH AN KR IRESRBABSIHIMR dhRlel with the
mechanical switch 7, and 5a egstilehgiswiirde blaswitcarcenergyasiidgnovettitings 14. The control

before, during and after the extinguishing of an arc.

Mutually corresponding parts are provided in both Figures with the same
15  reference symbols.

Figure 1 shows diagrammatically a disconnecting apparatus 1 which, in the
exemplary embodiment, is connected between a photovoltaic generator 2
and an inverter 3. The photovoltaic generator 2 comprises a number of
solar panels 4 which lie parallel with one another and are led to a common

20  generator junction box 5 which serves, as it were, as an energy collection
point.

The disconnecting apparatus 1 comprises, in the main current path 6
representing the positive terminal, a switching contact 7 which is also
referred to below as a mechanical switch, and semiconductor electronics 8

25  connected in parallel therewith. The mechanical switch 7 and the
semiconductor electronics 8 form an autarchic hybrid disconnecting switch.
A further hybrid disconnecting switch 7, 8 can, in a manner not shown in
more detail, be connected in the return line 9, representing the negative
terminal, of the disconnecting apparatus 1, and hence the whole

30 installation.

Mechanically coupled-together switching contacts of a further mechanical
disconnecting element 10 can be arranged both in the outward line (main
path) 6 representing the positive terminal and in the return line 9 for a



circuit 12 is preferably connected to the main current path 6 via a resistor or a series of resistors R
(Figure 2). The gate of an IGBT preferably inserted as a semiconductor switch 11 forms the control
input 15 of the semiconductor circuit 8. This control input 15 is led to the main current path 106 via the
control circuit 12. Figure 2 shows a comparatively mage detailed circuit diagram of the electronics 8,
connected in parallel with the mechanical switch 7, of the autarchic hybrid disconnecting switch. The
first semiconductompiateroaEay tiscoanedlineatitheah eustiionteanigtigernelweenribeted in series

15 with a seconr? wgﬂg@ﬁg?{é??’fgf'b%nﬁ ménﬁ\;%r{grq;a MOSFET. The cascode arrangement with
u t

the two semiconductor switches 11a, 11 us, analogously with Figure 1, forms the commutation
path 16 parallel with the mechanjcal switch 7 and thus with the main current path 6. In the
Cisconnecting SUIEP AT SHE HEHCNECLFSToaUE Y S BBBE e RPNt lustrated n
Figure 2, the firgivigthidangbzthris\wiohectedliinlpa tadiviesth the direchgnicansaitarc®, Zadd the hybrid

di ti itch 7, 8 to th t path 6. Th tential U_, is.al ter than th
potontial U on B EORbGE QBT SHL SEMACR L LEErd R BB R EMIBGRET) 11b i

guided to the maircppweri@ peafariitly Do pesitida @ dtentialit/cuiscoMpatied e anedistoical switch 7 is
closed. The first semiconductor swit GBT) 11 a,is connected reewheeling diode P2. A first
Sorer diote DB AT A b D e Rl AL B PS80 e o the gate
(control input 1590 thenfiksd dflsetmicwittictor Rwitehtlié&edntidlanguturthef #ener diode D4 is
connected 9 on the.cathpde side in. .the gate (controlinput nd on the anode sjde to the
itor of the e EURAERHA G Uik 1B S TRPRbE Bade s A LR T Ralh s canter o
cascode tap 17 beteden thetfiocsicandiséond semiconductor switches lla and llb of the cascode
5arrangement, and is connected on the cathode side to the potential U via a condenser C which

serves as an enefsly storenbivsT AR SRR MRS hdFaBaishbsRimesiRyr e Bpigondensers C. Via
an anode-side voltage tap 18 . . . .

electronics 8, connected in parallel with the mechanical switch 7, of the

autarchic hybrid disconnecting switch. The first semiconductor switch

(IGBT) 11a can be identified in a cascode arrangement connected in series

15  with a second semiconductor switch 11b in the form of a MOSFET. The
cascode arrangement with the two semiconductor switches 11a, 11b thus,
analogously with Figure 1, forms the commutation path 16 parallel with the

mechanical switch 7 and thus with the main current path 6.

In the disconnecting switch arrangement shown in Figure 1 and in the

20  cascode arrangement illustrated in Figure 2, the first semiconductor switch
11a is led between the direct current source 2 and the hybrid disconnecting
switch 7, 8 to the main current path 6. There the potential U, is always
greater than the potential U. on the opposite switch side at which the
second semiconductor switch (MOSFET) 11b is guided to the main power

25  circuit 6. The positive potential U, is OV when the mechanical switch 7 is
closed.

The first semiconductor switch (IGBT) 11a is connected to a freewheeling

diode D2. A first Zener diode D3 is connected on the anode side to the

potential U. and on the cathode side to the gate (control input 15) of the first
30  semiconductor switch (IGBT) 11a. A further Zener diode D4 is connected



between the diode D1 and the energy store 13 and the condenser C, a transistor Ti connected to
ohmic resistors R1 and R2 is connected via 10further resistors R3 and R4 to the gate of the second
semiconductor switch (MOSFET) 15, guided in turn to the control input 15 of the semiconductor
electronics 8. A further Zener diode D5 with a parallePresistor R5 is connected on the cathode side to
the gate and on the anode side to the emitter of the second semiconductor switch (MOSFET) 11b.
15The transistoﬁmit@cwtfﬂ@tﬂ@dsidﬁthbtbaséosﬁhe ggta ffmﬁﬁrﬁﬂdﬂWQtWEDCaﬁdntstbaramd@nnected on

the base side vi p O Al ample as a monoflop.
The transistor T %IS ad |t lona y%o%ﬁ@c‘%egggr%%ﬁj Brrto;:}:téé%rvglsd %o a urther reS|stor R7. Figure 3
shows, in a gra% (f curre t/voI FFﬂme the course 200f the switch volt e U and the
switch current | 'of ﬁ ?ldsd e %&&nﬁ%é)[)gﬂﬁ%og%gﬁﬁa &e[ ﬁ{?echanlcal

switch 7 opens méimttwge@umgsmdommameam bRiagrosh tfalsisabcods its switching
contacts 7a, 7b (F s well.as durin ion tz ecified, predeter or set by the
(e 14, When S TRBENCA O SoIP B HCP B S A SR RELERUE bV ocance.
whereas the parailedeosemGtatiiorpsenves akthe bmbrgymwmmectrrh@ nedy/stdrisashigimimpedance
and thus acts a rent barrier. Th rrent course | rated in the left- and side of Figure 3
represents the TP R kAN IR, SR GBLSRE oV ACLR SN A AN RS TGRS 1 of the
contact open|ngm\lsmaavvﬁerdr@edmaamm@edél’@yTélerepmmothmedndehaetcel switch 7 has
already taken place at at not Sﬁ ﬁe} n more detail ﬁeizore the time tK of gcontact opening.

The switch voIt 6% 6'?| tSB']H‘? 'folve %%? @?ﬁe i \ﬁ%ﬁﬁﬁ EB&V'Before the time
tK of the awtactmﬁmnmg%tdrmﬂsm Recepipevihithefaperssgaidlsesicmidogicostaitth7a, 7b of

the mechanical etk {o Iue his character or.an arc LB and with a typical arc
voltage ULB of pﬁq% f]t eg%(} Béﬁﬁ \98 ntr Q%LI'UI:EFB t{"e%agrpoﬁ?argg ﬁéfs arc voltage
ULB Pt 30V Wheﬂetttmmesf&rAcEnIthmeﬁéﬂdmmsDS W|th a parallel resistor R5 is

connected on the cathode side to the gate and on the anode side to the

emitter of the second semiconductor switch (MOSFET) 11b.

15 The transistor T1 is controlled on the base side by a transistor T2 which for
its part is connected on the base side via an ohmic resistor R6 to the timer
14 which is designed, for example, as a monoflop. The transistor T2 is

additionally connected on the base/emitter side to a further resistor R7.

Figure 3 shows, in a graph plotting current/voltage against time, the course

20  of the switch voltage U and the switch current | of the hybrid disconnecting
switch 7, 8 over time before a contact of the mechanical switch 7 opens at
time tk and during the duration t g of an arc LB across the switch 7 or its
switching contacts 7a, 7b (Figure 2), as well as during a duration tzg
specified, predetermined or set by the timer 14. When the mechanical

25 switch 7 is closed, the main current path 6 has low impedance, whereas
the parallel commutation path 16 of the hybrid disconnecting switch 7, 8

has high impedance and thus acts as a current barrier.

The current course illustrated in the left-hand side of Figure 3 represents

the current | flowing exclusively across the mechanical switch 7 until the

30



During the duration (arc time interval) tLB following the contact opening time tK, the commutation
begins of the switch current I, substantially corresponding to the arc current, from the main current
path 6 onto the commutation path 16. 15During the duration tLB the arc current | is virtually split
between the main current path 6 - in other words acrd@s the mechanical switch 7 - and the
commutation path 16 - in other words, the semiconductor electronics 8. The energy store 13 is
charged during tiedreaitheiaasriagtiaperiegdol dtie s Wi hingererdectsién anrd, 8n theeone hand,

sufficient energy,} il [ G I ' nics 8, in

particular to swiﬂﬁe 'ﬁ?ggnqﬂﬁ%@%ﬁéﬁﬁz@%ﬁ@@%%%t%gét%%fﬁﬁﬁ%ﬁgﬁﬂ%ﬁr@ the duration

of the arc. On tI@@ﬂﬁé@m&thfﬁadﬁlﬁdﬁ@e@B i eUffrectatyf éh@l@@@tprﬁmﬁﬂjﬁﬁeyﬂéble_ contact

erosion or wearQfifae Suiiehe’ oS HiisiNg SRt ddodler TRIVBR RIS G4 iLRiReaiRs and the
ﬁrst S ) esist

arc voltage ULB occurs, the emiconductor switch (IGBT) 11ais turned on by the r or R

(Figure 2) &t |ea@u/tb_@@tﬁ Uneémbmétfaemmw@g@vd|tag@aaanS§eﬂﬁ&Eewitarﬂ1@r_charging
current is made@%ﬁ@%f?ﬁ&‘&ﬁf&?ﬁﬁ SO S RPN GRSt R RERRETX TSN 7T GRS, a control

circuit for the electronicCs 8 is 30preferably created with the corresponding connection of the first
semiconductor $wich BT Vhichtis wRarastis e ieiaRardhBrand Jutb 3 tinicah iBich control circuit

the voltage is selgi e GRS ePIR I Ih e [P0 RIS, THPsodinVd Bébridiaglian gl the arc current

and hence of the switch current | of the hybrid disconnecting switch 7, 8 hereby ﬁqws through the first
semiconductor $aie$H lQmaPsihisiase votaeebhitiresowhaalthp mashesipagwWiRage UAB serves
to supply the cogyglgircuit 12 of the electronics 8, formed essentially by the transistors Ti and T2 as

well as the timer §4 and the energy store 13. The diode D1 which is connected on the anode side to

the cascode tapD1u7ri%ncl 0 ide to the revenis the cha current from

n the cathode ongdenser C rgi
fowing back 1o HRE RSN GG LR U oLy AR e e T8 Sl DU,
sufficient energykistoerdametitatibe begoensktthe anitdtrenoerémthesesigntsdye 13, and consequently
if a sufficiently high control or WiEﬁhin voItage UTS & i%r[i)resent at the Yolt %taR 12? the transistor Ti
0 nt, from a onto th

rrespondin e arc curr e main curren e
and consequenﬁy theP 9 Y

commutation path 16.

15  During the duration t.g the arc current | is virtually split between the main
current path 6 — in other words across the mechanical switch 7 — and the
commutation path 16 — in other words, the semiconductor electronics 8.
The energy store 13 is charged during this arc time interval t g. The
duration t g is here set such that, on the one hand, sufficient energy is

20  made available for reliable control of the semiconductor electronics 8, in
particular to switch them off for a period tzg subsequent to the duration t g
representing the duration of the arc. On the other hand, the duration t g is
sufficiently short to prevent undesirable contact erosion or wear of the
switch 7 or the switching contacts 7a, 7b.

25  When the arc LB begins and the arc voltage U g occurs, the first
semiconductor switch (IGBT) 11a is turned on by the resistor R (Figure 2)
at least to such an extent that a sufficient charging voltage and a sufficient
arc or charging current is made available for the condensers C and hence
for the energy store 13. To do this, a control circuit for the electronics 8 is

30 preferably created with the corresponding connection of the first

semiconductor switch (IGBT) 11a to the resistor R and the Zener diode D3,



15transistor T2 turn on, so that the two semiconductor switches 11a, 11 b also turn on completely.
Because the resistance of the now turned-on semiconductor switches 11a, llb is substantially lower
than the very high resistance of the gap section, formed by the open switch 7, of the main current path
6, the arc or switch current | flows almost exclusivelyiviia the 20commutation path 16. The positive
potential LL, thus again tends toward OV when the switch current | is commutated onto the electronics
8. The arc LB isvtdndriguasiiirektiguit el sutage isthet @it sazapde witte dgedhanical switch 7.

The charging caéggﬁ“ @ngjgk?gcpz\p?tzérc?rel&l ﬁgsﬁ% gﬁ@l@nﬁg %@%%@m% calculated such

that the semiconduct r €lectronics 8'c i'e_st e switch current predetermined by
the timer 14. Thivitaragorent| sdrilsehydrid disceraspiegte@itelBmsd iRikclMié®wa tzG is calculated,

and the timer 145 i B4 FSPORALY IRACEAICRNER il Fioiaanlicaion e gic fy dypical durations

for complete extinguishing of the 30arc LB and with su cooling o plasma formed thereby. A

decisive 12 facftBet@byis that no new arc LB can occur after the electronics 8 have been switched
off, with a commutation path 16 which as a result in turn has high impedance and semiconductor
electronics 8 thatteotegsingnibitagedd 4 servesst foastippht the stifltaglasiroudicharitiswitch 7 or over its

switching 5contacts 7a,.7b. At the end of th ration tzG set by the timer 14, the switch current | falls
2 lmos: 2er0 (FESI Gh T W LA ST SH ROl BB b R pErabiy voliage
UB delivered bytithe dir¢ctnelithend serg g & idréot 8xaheptidue IDOQNIENTS icohbeaie un) thidhe positive
potential LL, thus 10tends toward this operating yoltage UB Pt 100QV when the commutation path 16
has high imped&q(? %\ﬁﬁs f8 &8 B?OS&SﬁS qqgjs%’?ﬂ?@& (o é%ﬂ%ﬁ:l’?é&eltf ‘Iﬁ% the electronics 8
hence again acicasdetisged pegvientg\thatchiwr ¢img coeremifraurfwipgtbdtlsfgaivaneally open, with

the condensers C and via the commutation path 16 toward the potential U..

If sufficient energy is contained in the condenser C and hence in the energy
store 13, and consequently if a sufficiently high control or switching voltage
Usp is present at the voltage tap 18, the transistor T1 and consequently the

15 transistor T2 turn on, so that the two semiconductor switches 11a, 11b also
turn on completely. Because the resistance of the now turned-on
semiconductor switches 11a, 11b is substantially lower than the very high
resistance of the gap section, formed by the open switch 7, of the main
current path 6, the arc or switch current | flows almost exclusively via the

20  commutation path 16. The positive potential U, thus again tends toward 0V
when the switch current | is commutated onto the electronics 8. The arc LB
is consequently extinguished between the contacts 7a, 7b of the

mechanical switch 7.

The charging capacity and hence the stored energy contained in the

25 condenser C is calculated such that the semiconductor electronics 8 carries
the switch current | for a duration tzg predetermined by the timer 14. This
duration tzg can be set to, for example, tzg = 3ms. This duration tzg is
calculated, and the timer 14 is thus set, essentially in accordance with the
application-specific or typical durations for complete extinguishing of the

30 arc LB and with sufficient cooling of the plasma formed thereby. A decisive



commutation path 16 simultaneously having high impedance, arc-less 15direct current interruption
between the direct current source 2 and the electrical device 3 is already achieved. The connection
between the direct current source 2 and the inverter 3 which, for example, takes the form of the
electrical device is consequently already reliably brok@n. To effect a shockproof galvanic interruption,
the mechanical disconnecting element 10 200f the disconnecting apparatus 1 can then additionally be
opened with no flaei@oheiebylis thet vlorerumeastldyvdvlecrDistbentristpaiiparesus 2dieect current

source 53'”Ve”Bég%kﬁft&‘?‘é‘&'o%emﬂrﬁtB[)HH&{B‘H&%&N&F@ &H‘i&%"éé’%ﬂf‘e@}‘é’ﬂ?'ﬂf?ﬁ ﬁQ%taCt/ switch

107a, 7b Contact 8Semiconductor electronics 9Return Tine 10Disconnecting element 11 a First
semiconductor sugttkmpedance and semiconductor electronics 8 that consequently act as

a current barrier at the still open mechanical switch 7 or over its switching

5 contacts 7a, 7b.

At the end of the duration tzg set by the timer 14, the switch current | falls to
almost zero (I = 0A), while at the same time the switch voltage increases to
the operating voltage Ug delivered by the direct current source 2, for
example by 1000V (DC) to 1500V (DC). The positive potential U, thus

10 tends toward this operating voltage Ug = 1000V when the commutation
path 16 has high impedance owing to the blocking of the semiconductor
switches 11 and the electronics 8 hence again act as a current barrier.

As at this time the main current path 6 is galvanically open, with the
commutation path 16 simultaneously having high impedance, arc-less

15 direct current interruption between the direct current source 2 and the
electrical device 3 is already achieved. The connection between the direct
current source 2 and the inverter 3 which, for example, takes the form of
the electrical device is consequently already reliably broken. To effect a
shockproof galvanic interruption, the mechanical disconnecting element 10

20  of the disconnecting apparatus 1 can then additionally be opened with no
load or arc.



1511b Second semiconductor switch 12Control circuit 13Energy store 14Timer 15Control input
2016Commutation path 17Cascode/Center tap 18Voltage tap Switch current 25tKContact opening
time tLBArc duration tzGDuration of the timer Switch voltage UBOperating voltage 30ULB Arc voltage
14 Claims 1. A disconnecting apparatus (1) for directl@urrent interruption between a 5direct current
source (2) and an electrical device (3), in particular

List of reference symbols

1 Disconnecting apparatus
2 Direct current source
5 3 Inverter
4 Solar panel
5 Generator junction box
6 Main current path
7 Switching contact/switch
10 7a, 7b Contact
8 Semiconductor electronics
9 Return line

10 Disconnecting element
11a  First semiconductor switch
15 11b Second semiconductor switch
12 Control circuit
13 Energy store
14 Timer
15 Control input
20 16 Commutation path
17 Cascode/Center tap
18 Voltage tap

I Switch current

25 1k Contact opening time
tis Arc duration
tze  Duration of the timer
U Switch voltage
Us  Operating voltage

30 U Arcvoltage



between a photovoltaic generator and an inverter, having a current-conducting mechanical switching
contact (7) and semi-conductor electronics (8) connected in parallel therewith and which acts as a
current barrier when the switching contact (7) is closed, wherein when 10the semiconductor
electronics (8) become current-conductive, the arc cygent (LB) is commutated from the switching
contact (7) to the semiconductor electronics (8)characterized in that: the semiconductor electronics (8)
have a first semiconductor switch (11a) and a second semiconductor switch (11b) 15connected in
series thereto, a control input (15) for the semicon@p&ﬁgrselectronics (8) is connected to the switching
contact (7) in such a way that, when the switching contact opens, an arc voltage (ULB) generated
across the switching contact (7) as a consequence of an arc (LB) 20makes the semiconductor

clectronios (8) oHrenk eROAEHE W SKEB G SEITRANAHAIOE HIRSHRIGR (EhBAG-A sy stre

(13) which charges itself as a consequence of the arc (LB) within the arc d at the

end of the éharging tFﬂi’f_@QtLCBlf W@'ﬁ@g@hﬂﬂ@ @IB?,'@HBI%@?‘(M @hri_@ pasigelefo switch off the
semiconductor electrggiaa, (&) W BH&B\%E&?@%’HQ@P@%%%H\'/%?Ré}nﬁ%%aé’%wéﬁ- (1) as claimed

in claim 1, characterized in that at the end of the charging time (tLB) of the energy store (13), 30the
switch current (1) whiERMTRNGE G ReEHGIDGRiFWVERD B P RNERRH pletaRdRRAGRREH W the

semiconductor electrgpigt §fis B Rt ARGLRSOTRBEAHARREIANE (has HRmSE dngaim 1 or 2

characterized in that the arc duration (tLB) is determined by the charging duration or capacity of the

energy store (13). 54CVHE A RVHLE WG aihsasailching £OBlaigh&0) ils sHesefcMlirseinyBen

10 the semiconductor electronics (8) become current-conductive, the arc
current (LB) is commutated from the switching contact (7) to the
semiconductor electronics (8)characterized in that:

- the semiconductor electronics (8) have a first semiconductor
switch (11a) and a second semiconductor switch (11b)
15 connected in series thereto,

- a control input (15) for the semiconductor electronics (8) is
connected to the switching contact (7) in such a way that, when
the switching contact opens, an arc voltage (U g) generated
across the switching contact (7) as a consequence of an arc (LB)

20 makes the semiconductor electronics (8) current-conductive,
wherein the semiconductor electronics (8) have an energy store
(13) which charges itself as a consequence of the arc (LB) within
the arc duration (t.g), and

- at the end of the charging time (t ) of the energy store (13), a
25 timer (14) starts in order to switch off the semiconductor
electronics (8) with no arc being formed.

2. The disconnecting apparatus (1) as claimed in claim 1, characterized
in that at the end of the charging time (t.g) of the energy store (13),
30 the switch current (I) which flows as a result of the arc (LB) is

completely commutated to the semiconductor electronics (8).



characterized in that the semiconductor electronics (8) have an IGBT and a MOSFET connected in
series thereto. 5. The disconnecting apparatus (1) as claimed in one of claims 1 to 4, 10characterized
in that the arc voltage (ULB) is tapped between the first semiconductor switch (11a) and the second
semiconductor switch (11b) in order to charge the engggy store (13). 6. The disconnecting apparatus
(1) as claimed in one of claims 1 to 5, 15characterized in that the (first) semiconductor switch (11a)
has a control inBut wihie® ¢isgaideeolingaapsiaist feslsias (i raténpdsinvd wltage potential of the

direct current sourceé@é%g%}i%swmgmgeia adi'ir‘gt}dﬁ ﬁg%?és t&ﬁﬁr@ﬂ‘?@?ﬂ?&ﬂng apparatus (1)

as claimed in one of claims 1 to 6, characterized by a mec al disconnecting element (10) for
galvanic direct currefateingptiorntisshaecaranity eidoeveinetery 5iesddl Sikcuit consisting of the
mechanical switching contact (7) and the semiconductor electronics (8).

5 4. The disconnecting apparatus (1) as claimed in one of claims 1 to 3,
characterized in that the semiconductor electronics (8) have an IGBT
and a MOSFET connected in series thereto.

5. The disconnecting apparatus (1) as claimed in one of claims 1 to 4,
10 characterized in that the arc voltage (U.g) is tapped between the first
semiconductor switch (11a) and the second semiconductor switch
(11b) in order to charge the energy store (13).

6. The disconnecting apparatus (1) as claimed in one of claims 1 to 5,
15 characterized in that the (first) semiconductor switch (11a) has a
control input which is guided via an ohmic resistor (R) to the positive
voltage potential of the direct current source (2) when the switching

contact (7) is open.

20 7. The disconnecting apparatus (1) as claimed in one of claims 1 to 6,
characterized by a mechanical disconnecting element (10) for
galvanic direct current interruption, connected in series with the
parallel circuit consisting of the mechanical switching contact (7) and
the semiconductor electronics (8).





