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. A direct cdrrent source is hereby understood in particular to
be a photovoltaic generator (solar installation), and an electrical device is understood in particular to
be an inverter. 10DE 20 2008 010 312 U1 discldgesciiptiotovoltaic installation or solar installation
having a so-called photovoltaic generator which for its part consists of solar panels combined in

groups to form partial Swiiaidisc oaneetadior seieamicdevitcampertliivl tervwgptidnle a partial
generator delivers its direct current output via two terminals, the direct current output 150f the whole

photovoltaic gengratr, sirshiaiaR ONEHS4RINABAIRIDANG AUL50F uRkRgRDRIHETK. In order

thereby to minimize the complexity of cabling and power losses between the partial generators and the
central inverter, BEREAIRP A EOPEVREN BrfbitReT BUKENhEO AiarRid Ao_ie ey i¢Rl BaMRe generators. The

direct current ojgueomankfaiRct Shd iy rineRaRIEarbuAERRiiriahie aRaraBAN cable to the

central inverter. As, depending on the system, a photovoltaic installation, on the one hand,

permanently defPE8UsH6 SERGHRGIEGIFORNSREEEHbRaratingiNeRWEInAErRM G BB een 180V (DC)
and 1500V (DCyaebeoR 16 iR oS ABRIB IRk e 50868l insiRIgliRBrARguUnting or

servicing and in 25particular generally to protect people too, a reliable disconnection is desired of the
electrical compdhefsiBpliddaiied) frand e plestoaiarvicstisiaisie Hined iRty @rdetR@irrent
source, a correspepfiggglisconnecting apparatus must be able to effect an interruption under load, i.e.
without any prior switching off of the direct current source. 2

10 DE 202008 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,
connected in series or present in parallel rows. While a partial generator
delivers its direct current output via two terminals, the direct current output

15  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
inverter, so-called generator junction boxes are arranged close to the
partial generators. The direct current output commutated in this way is

20 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
range between 180V (DC) and 1500V (DC) and, on the other hand, for
example for the purpose of installation, mounting or servicing and in

25  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
apparatus must be able to effect an interruption under load, i.e. without any

prior switching off of the direct current source.

30



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,
however, exist that such mechanical switching conta@s become worn out very quickly because of the
arc which occurs when the contact is opened, and that additional expense is required in order to
enclose and codiafdeactiésaad) neRidnisanmesaln sikké siichy(avitehirg eoiiagineandsical switch with

an extinguishingJ ggam}ﬁ%% ]r;%%v ﬁél:ogsas(@fg%qg%{% gglmﬁ%e%gwn%%%soﬂﬁ éjsed for the load

disconnection, unavoida OWel e semi uctors also occur in normal operation. In
addition, no gal@ettrigisteavisetionvaniendrom toer dirsisiequsesitraifoe febptevsitgisured with such

power semiconmqév%% psogrggl;&% B Qi?‘ﬂl%sgérﬂﬁc‘ilﬁ%giﬁ@leﬂl%%’é'?]&&.mf‘ﬁgtor’ designed as a

15load disconnector, In the manner of a hybrid switch, has a semiconductor switch element in
the form, for ex&hsglevantagegsiSVRY e isisingtEuple MmeehnigaswulitaBingaaeaiasiguxiliary contacts

which are connegleghin RRSHRVRIIE AN BEAARLANAC Lt iFhdR B lFadimg 9N the

unplugging process, is connected in parallel with the trailing 20auxiliary contact and the auxiliary
contact connecte@niaekiscepRnrdhand hizbadditenhasearmieneapieddmmeatiiRtor switch

element is here gonuellechin QSHPISMATBICAIENRARFHESREREI PR Ak RaiRguish such an arc, by
being periodically switched on and off. DE 103 15 982 A2 discloses, for the ‘interruption of direct

current, a hybri¢2BerReRSHEyMarhanisal awish withan ertinguisbireophagiesically actuated main
contact and an IGBT (insulated gate bipolar transistor) as the semiconductor switch. However,
known hybnd svfitohes aikagy,sooawer fah seieoualdurtoy s wichess fareastd fmotitiec sadniconductor switch
and for operatingi Ssgép]irt]:ggtclzlgr(]:t%rn?é%lggg%nics intoI which th?hsemicondugtor switqh is inserted.

: 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.



3 The object of the invention is to provide a particularly suitable disconnecting apparatus for direct
current interruption between a direct 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
features of claim 1. For this purpose, the disconnectidg switch suitably comprises a mechanical
switching contact which is designed for an arc of short duration, i.e. for an arc duration of less than
1ms, preferably Iéssabiatiopldfaanestopds Theineceanipartsik@nnsudaact (switch or

disconnecting elﬁ&%’ﬂﬁé‘&iﬁgn RAdARAURERL MIRSATHEORDBEEN BIAGHEINGS WHieh essentially

comprise at least one semiconductor switch, preferably an IGBT. The semiconductor electronics of the
disconnecting sFHICRARY iy T RAGFHIBR AR IS AR REHAIENBRS B BIREIARR consequently,
when the mechaiicigkswitphrtotizseth antextea current barrier, i.e. have a high 15impedance and are
thus virtually current- and voltage-free. As, when the mechanical switching contacts are closed, no

current flows acTons igcetmieehiigiarRiestensooane theerinse bietrdIamyRitagedisnn in particular
across the or eafvr\):ts%?] ] iconductor S\ﬁ{iéc , the semlcondu,ct%{ circuit also causes no power losses when
i

the mechanical TRLEP S0 ﬁ??ﬂ@%%%éﬁ‘ﬁl? GUd SNEYPESERFthe energy they need

for operation fromeitteadisad sSndiciingoagpatsadtishieh frodetignaid dfonaectingas witicht Hstationiself. The
energy of the arc which occurs when the mechanical switch.is gne is,called on an%gjsed for this. A
P AR 391 3%9 '?893%

. I,e. Tor [ I ms. prefer n I
control input for tﬁe (s)emlcondulé{gr NS roer%cs oarr}he ssér%u?oen or sw{é% |§F18%b%/ connected to

the mechanical thj.ﬂ'@ednmnamwswmmm,taMéawﬁefthdismmcmg atemeldye, across
the switch qr it WG CATIASLs A I SETIRONINRIRY SRGURNIRS SRR dn paplel therewith,

as a consequence of the arc es the semiconductor electronics current-conductive, 1.e. with a low
impedance and ¢ERPESR AEIRACAO)IR §EBURBNSBIcESWItCBe Riiettiabbta eledbnics become even
slightly current- conductive, the arc current begins to commutate from the mechanical switch to the
semiconductor dlbeteamusomtiectorrelsoinodicg afdhe kg ondodirgcswitch according to the

invention have no additional energy source and consequently, when the
mechanical switch is closed, act as a current barrier, i.e. have a high

15 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
circuit also causes no power losses when the mechanical switch is closed.

20 Instead, the semiconductor electronics obtain the energy they need 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
for the semiconductor electronics or the semiconductor switch is hereby

25  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-
conductive, i.e. with a low impedance and hence current-carrying.

30 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



current hereby charges an energy store preferably in the form of a condenser which discharges with
the generation of a control voltage specifically in order to switch off the semiconductor electronics with
no arc being formed. The preset duration or time constant and hence the charging 5duration of the
energy store or condenser determines the duration o#the arc. Following the charging process, a timer
preferably starts, during which the semiconductor electronics are controlled with no arc being formed
and so as to creztentinecelyhahsgeshendeingtion siptectiieierablihinstbetfotnaota 10ensure safe

extinguishing andeliahle HRIIOALAR BERIRREHIR ATURTSIOR B SRR dgR the concept that

a hybrid disconnectinfg&gj)paratus designed as a pure two-terminal network can be used for shockproof
and reliable direRREIHERDINAASKI AR, SHHER @Al&ﬁ@%@&”gméﬁ@ﬁﬁﬁ'% WEBA@Ri@But their own
source of auxiliagyiggeeemh thiFHS br8sst @md%@@aiﬁw%ic@ﬁéﬁa&ﬂwﬁ@ﬁe@yﬁé%w@ﬁgrgy that is
generated when a mechanical switch connected in parallel with the electroni ned being used

for the operatiofWFBIRBANINR SRETEY HIRTa1S ERIIRITEL EREMATS Le AAIPE DI dMEnich stores at

least part of theats, energy which is then made available to the electronics for a 20determined
operating period which should be calibrated so as to ensure reliable extinguishing of the arc. In a

preferred embo@igeRingerOBASRITRG PrBEEL WY tRFRYBRSERBIY JRATSY RlRieCREREMiIPRS, In

conjunction with an ohmic resistor, the charging duration or charging time constant of the energy store.

The charging 25@PRRRIMFYCIRE RREHANSS A 8P MEARANAIR RYBFaRHNG RERGDR)PLSCat less than
1ms, and expedignidycabinssatianontsiualde Tramsurbiicndor atigtise o1 the9Bethands sbort enough

to reliably prevent undesired contact erosion of the switching contacts of the mechanical switch. On
ine other i, EHS e 6 1BE SHEGEHT Yo HEE SOR LUb i o7 6 SEGUFRERhcucto electionics
for the subsequent duration determined by the timer and within which the electronics are controlled
from the low-imp&gaR¥entgon thus starts from the concept that a hybrid disconnecting
apparatus designed as a pure two-terminal network can be used for
shockproof and reliable direct current 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



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 5disconnection and direct current interruption are consequently obtained. A
further mechanical disconnecting switch is suitably pfvided as an additional safety element for a
reliable galvanic interruption and disconnection and is connected in series with the parallel circuit
consisting of theameahdalizg siateliriadhadighrieedaces swittheiceffiaia(ptadingarly preferred
embodiment, thgt%?égliconductor 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 MOSEET (metal oxide semiconductqr. fie]d- effect transistor). The IGBT which can
e controled alABE DT S O LR TAL SR (St S0 R R AR 2 igh

blocking voltaged®taus eosnedtbceiitebhics ceniescidthwhig highengriu oo Rtdiapgtch (MOSFET)
in the manner of a cascode arranf?%r?erit. The elﬁiiconductor switches thurﬁté(/)r a.commutation path

parallel with theqﬁé‘ﬂ?\n&ﬁgfgﬂpﬁaﬁ it 8%@% %@HQHR:%I%W?&?%%U@ Hﬁr{ﬁ "arc 20current

is increasingly commutated with the mechanical switch aﬁqe_n and as a conse&uence of the or each
semiconductor WitsHBEMGehAte fisaen apetiof SydtarisrsHieRbn SEQURRM @S commutation

across the hybr%@§@m%%qig§,l DI AN N PERRREASSIAR i BSRUSONEHSHASSECIronics is between

approximately 15V and 30V. 25If the semiconductor electronics according to the preferred
embodiment ha@SaATEESHAT IHHISEOMERRERA (G BaY @MY IENSECoRAr SEMiCHAl SRAHRIRM (MOSFET),

the first semiconguRtoRlieh itk Hmad O SuisiansibrbRIfisisRE Voltage to charge the

energy store, for example 12V (DC), can be tapped between the two semiconductor switches, in other
30words %toa Caﬁcgdpeaﬁ?an}%rﬁ?Bré"Tsepré%e(ra‘?nbodiment, 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  currentis 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  If the semiconductor electronics according to the preferred embodiment
have a first semiconductor switch (IGBT) and a second semiconductor
switch (MOSFET), the first semiconductor switch 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

30 words at a cascode center tap, as it were.



6 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 688lRdated therewith and in conjunction with, for example, a fuel cell system or an
accumulator (battery). 7

Complete galvanic direct current 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).



Exemplary embodiments of the invention are explained in more detail below with reference to the
drawings, in which: 5 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, sh@ws, in a comparatively more detailed circuit
diagram, the disconnecting apparatus with two semiconductor switches in a cascode arrangement and

with condenser$a€ Bty epedimadtsiaiiiae iinvegtigrh e exe dnednnvong eigiinst time, the
resulting cours %flé\)()'%ﬂw% &ré%gq(y%%é%ﬁrggn]ﬁ Qﬁ,{@ﬁa during and after the extinguishing of an
i ed in both

arc. Mutually corresponding parts are provi igures with the same 15reference
symbols. Figure_1 shows diagrammatically a disconnecting apparatys 1 which, in the exemplary
crbodimen, s HiBeled beliRER DA AEICYLAAEIAT LHAdRGPIBREI The photovoliai
generator 2 comprises a numappafdotaapeorelsd toHivh iy @atiateiwtitta o e amotihe hgbddre led to a
common 20generator junction e S BiGly EHER A leT e ARADBNEIEyERLeSHaTRRIt The

disconnecting apparatus 1 comprises, in tie main current path 6 representing the positive terminal, a
switching contact 7 which is A$b/f¥RERSe to below as a mechanical switch, and semiconductor

electronics 8 25gpjurected in pacaie| imearevitidarie B¢ ehanicassnBerckanddiagseniganductor
electronics 8 form an autarchligﬁ halbrid g{sconnectﬁ%swi&ﬁ%{ A further h riq discolgrbectin switch 7, 8
can, in a manner not shown i RS & gﬁg BRRBIHEE LY T TR 5,0|re%\?'é§ Gty the negative
terminal, of the disconnectingeappstadesadangeneeictane witloleoBoiesssatah eNMedyanically

coupled-tqgether switching coiagts gf,g 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
9fora 8 Figure 3 shows, in a graph plotting current/voltage against time, the

resulting course of switch current and voltage over time
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



complete galvanic disconnection or direct current interruption between the photovoltaic generator 2
and the inverter 3. The semiconductor electronics 8 essentially comprise a semiconductor switch 11
which is connected in parallel with the mechanical switch 7, and 5a control circuit 12 having an energy
store 13 and a timer 14. The control circuit 12 is pref@ably 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 S@fpicte gatvanicedizaarsianion 16 diraat eersodmtectopiradiesyvaenstbentrol input 15

is led to the mai h%fg\%l{ @éﬂ?r@%ﬁ&@ﬁ@ll g gr:lsz Figure 2 shows a comparatively more

detailed circuit agram o‘ﬁ%té] electronics 8, connecte% in parallel with the mechanlcal switch 7, of the

tarchic hyb tin tThf t itch 11 be identified i
cascode anangANEAEEUFRURIEN h SEHEC 6 e EBLAY COMRARBP SAHVERY i the form of &

MOSFET. The cagisitle 'ammemecmmébtﬁmw\gas@lmlmmﬁwnmmhemléwn&h 1] tbua analogously
with Figure 1, forms t& camm é%nﬁ ipath 16 parallel Wlthélrj#e m(g nlcal %Wﬁ]h 7a hus with the
main currenit pafhcé)r\ och%"&%'& a W&s@ﬂlt%ﬂeégr%ﬁb%ﬁ] t AR ASEigare %ﬁari e 20cascode
arrangement illusteatied mageferwhe:ﬁrﬁnaﬂedqmmcmalmm’mhl paarthledxleea/\reetstheoiirect
current source 2 and.the Eﬁbnd dISC ctl w h 7 th 6. f ({e the

B 874lE BhiBote ALK

potential U+, is 8@%‘&% H)a{ﬁ ﬂr%lt'e FU- he second
semiconductor swiu:be(MB&Rﬁﬁ)dr@mﬁcguhlefbtmmmmwnpoWapaﬁttﬁcmﬁttlﬁe The positive potential

U+ is OV when the mechanical swit close The fir !bﬁb I|c tor switch I%E(‘i% lais
connocted b & FEORODAI St A BISCATNS) AIBHE Lo e AR arom Al F TR R Bl to the
potential Woandeovidhtbeathtds swtwtmthe gate (control input 15) of the first 30semiconductor switch
(IGBT) 11a. A further Zener diode D4 is connected 9

Figure 2 shows a comparatively more detailed circuit diagram of the
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



on the cathode side in turn to the gate (control input 15) and on the anode side to the emitter of the
first semiconductor switch (IGBT) 11a. A diode D1 is led on the anode side to a center or cascode tap
17 between the first and second semiconductor switches 11a and 11b of the cascode 5arrangement,
and is connected on the cathode side to the potentialdJ- via a condenser C which serves as an energy
store 13. The energy store 13 can also be formed by multiple condensers C. Via an anode-side

voltage tap 18 b@ivieecateodiosédp indivdntiie theeagjestoantral aneuthtSe@nieasshe aaedsistor T1

connected to ohypj iSto | (gypﬁfét&qdw' i5tQrs,R3 and R4 to the gate of
the second serr?c‘%%g%sc[ﬁ%r émg%ﬁg\%ﬁé@% 15, gwdedeitr% ?ﬂ%r{e co trﬁﬁhput 15 of the

semiconductor electrgnics, 8. A further Zener diode D5 with a parallel resistor R5_js connected on the
cathode side o W GHT-CEhdF (RS AN CH 5D & A S ESE RO RSB LR TEE switch
(MOSFET) 11btieTirg iadsistsndlssmunaiedorsitiechase silary aitsesisistocdstudich for its part
is connected on the base side via an ohmic resistor, R6 tq the timer 14 which is designed, for example,
25 2 monofiop. FHETHEIDID: 5 AR IRLR COHHEEt BRI Pl R RPNE B A Rofiner rosiotor
R7. Figure 3 showisdémeegr@phiidtiseg\ay mntiviciiage pgaonst tBng hihe wongpetdbefitBeswitch voltage
U and the switch curpent | of the hybrig. disconngcting switch 7, 8 over time before a contagt of the
mechamoal SRS SRR TO LS GG e S oA bR HE¢ SLAGRIaRe it 7 or
its switching comfetedn.tie roder® 2)aad thellbas dyyisio @ d B atmhttecopeeifissl Oregletermined or
set by the timer, 14. Whe Qe mecr%]%ﬁal 5 switch.7 is cﬁjed (itﬁ 1ain curreﬂet ath 6 has low
impedance, Whé‘}%ﬁ%‘?ﬁ%r arSAS &l ng‘\a&ﬁsi%t%'}st ﬁ% i GiScBRNERE éPs\(Aﬁtch 7, 8 has high
impedanceaand filntissrctssista s RBeadhdeo fHecgaierentioegesmiid Seatécbimdintde Bhidetd side of
Figure 3 repres reent | flwi xclysiyely acrpss.the hanical switch 7 until the 10 time
(K of the contack UMt o o1 el g Lo B A0 Aa P o e S eI switch 7
has already taketeptaceied 8.tikyrifar Zener diode D5 with 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



specified in more detail, before the time tK of the contact opening. The switch voltage U illustrated in
the left-hand lower half of Figure 3 is virtually 50V before the time tK of the contact opening and
increases steeply with the opening of the switching contacts 7a, 7b of the mechanical switch 7 at time
tK to a value which is characteristic for an arc LB and Qvith a typical arc voltage ULB of, for example,
20V to 30V. The positive potential U+ thus tends towards this arc voltage ULB = 30V when the

mechanical switdheg kGgbasmirigigppenmgaidhgavitehingheaotapts Bdaowifly theecontact opening
time tK, the co | ' SWMICH: CLrF Nt g to arc current,
from the main %%Wﬁg&f%%ﬁc? %ﬁgﬂc@%n%&tl%nﬁ g%ﬁ%@%’ﬁﬁ%g%%ﬁ%%%ﬁ’s t €[)e arc current |
is virtually split Is@eaiettHe M@ detaénbpatareshariigidr wotlde eendast teaneenhdiieal switch 7 - and

the commutatiog, (i 378Ifai§eolﬁ“ﬂfd|€9% t@ﬁ@%ﬁ%‘%%?ﬂ%ﬂ%‘ﬁ%@{ﬁw%?Q@fﬂMaﬁ?re 13is

charged during this arc time’interval tm. T uration tLB Is here set suchthat, on the one hand,
sufficient eferg ¥ Relioraddejinatliegbine Rastacbapensia e ddnticearRicEieepe Mode s, in

particular 10 Wi BTG AREHRH B5h RSSO 19 e ABHERLPFRIGopaing e duration

of the arc. On the other hand, t iciently short to prevent undesirable contact

erosion or weartsfiéhe ga}u@w_\rln 'tﬂhti'p‘egk,wmﬁtﬁ@j%m@"cwmpﬂﬁ %r_wnéw t@éYQi@aleb‘egir_]s and the
arc voltage ULR, gfeus NedirshrerireprugIey Sy eV (IFRT hddiave wrstianpyiHig resistor R

(Figure 2) at least to such an extent that a sufficient charging voltage and a sufficient arc or charging
current is madetgvaiaiowasdsibisiaadiaged and RENcwhantieecmaeesisa $8itF do this, a control

circuit for the el%gé%i_cs 8 is 30preferably created with the corresponding connection of the first
semiconductor switch (IGBT) 11a to the resistor R and the Zener diode D3, 11 via which control circuit

the voltage is set at the cascode tap 17 to. for example, =12 h%Dgg ﬁf action of the arc current
anct nence of 18 UK BB ICON e B LB e i SRR 7 S REE NS e

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.

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,



through the first semiconductor switch (IGBT) 11a close to the positive 5potential U+. The tapping
voltage UADb serves to supply the control circuit 12 of the electronics 8, formed essentially by the
transistors T1 and T2 as well as the timer 14 and the energy store 13. The diode D1 which is
connected on the anode side to the cascode tap 17 dnd on the cathode side to the 10condenser C

prevents the charging current from flowing back from the condensers C and via the commutation path
16 toward the pgtenviict corliflgenudtbegyokagminiseidaintiiteceseodesierd ard, iehce in the energy
store 13, and Cc%}éﬁﬂ tly,if a sufficispyy Rig rgf pichipeyetagdedRRdSPiRaeNt at the
voltage tap 18, the traPr%wis%rb T1 andc(cgenjéequgrﬁl%g %?:gnéi@f@%Tg I%lurn o%, Eé%s?hgt%he two

semiconductor SwitehegUI A1 DbiaROYAriH shscomprsiing Beitelude thearsiiytdavs of the now
turned-on Sem"iﬂgg&@%%"mgpgérﬂpc%n]d]c}%fér%{pﬁ%néléﬁ’f?‘@’?%]@%é% H%&BQW@S'SM”C‘Q of the

gap section, form y the open switch 7, of the main current path 6, the arc of switch current | flows
almost exclusiv@gtentitdd20commutation path 16. The positive potential U+ thus again tends toward
OV when the switch current | is commutated onto the electronics 8. The arc LB is consequently

extinguished beTeeanphingorsiatse 1d . bevi e onanhlpi ted swittlol/cildigt deacgitkg capacity and
hence the stored energy contained in the 25condenser C is calculated such that the semjconductor
clectronios 8 carleR TR RoIPLTIFE 56 O BT Al A e WP A i
duration tzG catilperset tanfothexaneply £216re B30I hEhitodiar @ibwhich i calonledest andtitbe timer 14 is
thus set, essentially jn accordance with the, application-specific gr typical durations for complete
extinguishing oﬁﬂéuﬁ)ﬁ'rg&_{@ TERTIaR ‘?ntagﬂt cggﬁ{:%ngﬁ%é:%&é%ﬁga gﬁ‘rijgghﬁereby. A decisive 12
factor hereby is ¢bativogevCarelBrtanheccharfiey iherelatironiciodvimybdeenawitcbed off, with a

commutation pathnl \ﬁvhé%\ sa resiul fi]n turn n]a f}ll p] im eq C(?Nanéi emic nrﬂyqt r_‘electr.oni_CS 8
that consequentty A0E IR LG BEHR SPE G Lbre o R L RIS e s switching
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



5contacts 7a, 7b. At the end of the duration tzG set by the timer 14, the switch current | falls to almost
zero (I = OA), while at the same time the switch voltage increases to the operating voltage UB
delivered by the direct current source 2, for example by 1000V (DC) to 1500V (DC). The positive
potential U+ thus 10tends toward this operating voltage UB =1000V when the commutation path 16
has high impedance owing to the blocking of the semiconductor switches 11 and the electronics 8
hence again acfagier digreby imitist nes@wrascikizcae anour@fiesibpaleetioyjas/aiesly open, with

the commutatioB@&gtgmaj{gHIg:m%%CI%('[EQM@Jmggﬁzpaﬂga}gc&hﬁ{ﬁé%?ai%mpﬁwﬁ%merruption

between the dire(_:t current source 2 an he electrical device 3 is alre eve he connection
between the diréigitimeacdasaeca aainiconciusier gegtienicd Bdkatrgresemesnthe dot@asof the

electrical deviﬁ%&ﬁeﬁ?ﬂaﬁ%'wfﬁa%}ﬁneag%@fmég!iffghﬂa @WEH%W&&BF%“&ﬁ!@@‘”termpﬁon’

the mechanical disconnecting element 10 200f the onnecting apparatus 1 can t dditionally be
opened with no ¢eateStr@; 18.List of reference symbols 1Disconnecting apparatus 2Direct current
source 53Inverter 4Solar panel

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.



5Generator junction box 6Main current path 7Switching contact/switch 107a, 7b Contact
8Semiconductor electronics 9Return line 10Disconnecting element 11 a First semiconductor switch
1511b Second semiconductor switch 12Control circuit 13Energy store 14Timer 15Control input
2016Commutation path 17Cascode/Center tap 18Volage tap Switch current 25tKContact opening

time tLBArc duration
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



tzGDuration of the timer Switch voltage UBOperating voltage 30ULB Arc voltage 14 Claims 1.A
disconnecting apparatus (1) for direct current interruption between a 5direct current source (2) and an
electrical device (3), in particular between a photovoltaic generator and an inverter, having a
current-conducting mechanical switching contact (7) &hd semi-conductor electronics (8) connected in
parallel therewith, characterized in that: the semiconductor electronics (8) act as a current
barrier when 10the switching contact (7) is closed, and a control input (15) for the semiconductor
electronics (8) is connected to the switching contagﬂém,@ such a way that, when the switching contact
(7) opens, an arc voltage (ULB) generated across the switching contact (7) as a consequence of an
arc (LB) 15makes the semiconductor electronics (8) current-conductive, wherein the semiconductor

clectionios (5) hve a0 FREASRIT ABHAAIER SIPTEES A AAHRARSAGHE BLMEAHE(LE) vithin

the arc duration (tLB) 202.The disconnecting apparatus (1) as claimed in claim 1, characterized in that,
when the sémiconduglitealedtrenicso@redopectanatdonalidavicanad)ait partiawarB) is

commutated from the,eebing ERBIBGH MR RERYARIUAIAN RIREHOTIGH P B3I

disconnecting apparatus ( aimed in claim 1 or 2, characterized by a condenser (C) as an energy
store (13). conducting mechanical switching contact (7) and semi-conductor

electronics (8) connected in parallel therewith, characterized in that:

- the semiconductor electronics (8) act as a current barrier when
10 the switching contact (7) is closed, and

- 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 (7) opens, an arc voltage (U g) generated
across the switching contact (7) as a consequence of an arc (LB)

15 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 (i.s).

20 2. The disconnecting apparatus (1) as claimed in claim 1, characterized
in that, when the semiconductor electronics (8) become current-
conductive, the arc current (LB) is commutated from the switching

contact (7) to the semiconductor electronics (8).

25 3. The disconnecting apparatus (1) as claimed in claim 1 or 2,
characterized by a condenser (C) as an energy store (13).

4. The disconnecting apparatus (1) as claimed in claim 3, 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).



4.The disconnecting apparatus (1) as claimed in claim 3, characterized  in that at the end of the
charging time (tLB) of the energy store (13), 30the switch current (1) which flows as a result of the arc
(LB) is completely commutated to the semiconductor electronics (8). 15 5. The disconnecting
apparatus (1) as claimed in one of claims 1 to 4, chat&cterized in that the arc duration (tLB) is
determined by the charging duration or capacity of the energy store (13). 6. The disconnecting
apparatus (1) as claimed in one of claims 1 to 5, characterized in that at the end of the charging time
(tLB) of the energy store (13), a timer (14) starts in order to switch off the semiconductor electronics
(8) with no arc Being fherdigconeetiog annaseting dpgeratainay &4 enambalainond & daims 1 to 6,

characterized in that é'ﬂ%t%ﬁ‘@ﬁ?_@gWﬁtﬂ{ﬁlﬁ%rﬁm%@iaﬁvﬁa@t i@@%&?ﬁiﬁ@ﬂ%@”ﬂ‘@e semiconductor

switch (11). 158.The disconnecting apparatus (1) as claimed in one of claims I to 7, characterized in
that the semiconducteh@@ikgopitatign ieanaridy sdihenrGvsiifd 31-1a), in particular an IGBT,
and a second semiconductor switch (11b), in particular a MOSFET, connected in series therewith. 20
9.The discohnecting apparatus (1) as claimed in claim 8, characterized in that the arc voltage (ULB) is

tapped between the fjrst semiconductor switch 1lagand tljﬁe secand sem%conductor switch (11b) in

order to charge $he ehBfgS StORNELANS SR HiddheMed I AR @RIRSIhiMad in claim 6 or

7, characterized in thethdngctiistbaamipanaueier skdteh tid shhasiryaimeqtigrof tvbiehdsgiuided via an

e )% {AHP T T SarE  SeT IS LHEe Bl R SRl sviehing
electronics (8) with no arc being formed.

10

7.  The disconnecting apparatus (1) as claimed in one of claims 1 to 6,
characterized in that the semiconductor electronics (8) have at least

one controllable semiconductor switch (11).

15 8. The disconnecting apparatus (1) as claimed in one of claims 1 to 7,
characterized in that the semiconductor electronics (8) have a first
semiconductor switch (11a), in particular an IGBT, and a second
semiconductor switch (11b), in particular a MOSFET, connected in

series therewith.

20
9. The disconnecting apparatus (1) as claimed in claim 8, 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).
25

10. The disconnecting apparatus (1) as claimed in claim 6 or 7,
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

30 contact (7) is open.



16 11 The disconnecting apparatus (1) as claimed in one of claims 1 to 10, characterized by a
mechanical disconnecting element (10) for galvanic direct current interruption, connected in series with
the 5Sparallel circuit consisting of the mechanical switching contact (7) and the semiconductor

electronics (8). 16

11. The disconnecting apparatus (1) as claimed in one of claims 1 to 10,
characterized by a mechanical disconnecting element (10) for
galvanic direct current interruption, connected in series with the

5 parallel circuit consisting of the mechanical switching contact (7) and
the semiconductor electronics (8).



