Description Switchgear unit for switching high DC voltages The invention relates to a switchgear unit
for switching high DC voltages, particularly for interrupting direct current between a direct current
source and an electrical device, having two connections which project from a housing and which are
electrically conductively coupled by means of a conductor-path, and having a mechanical contact
system, arranged between the first and second connections, having two contacts which can move
relative to one another and can be transferredfros aighasechposition to an open position, and also
having an isolating apparatus, which can be tripped by means of a thermal fuse, for extinguishing an
arc which is produced when the contacts are opened. In this context, a direct_current source is

intended to be understo8d Y5 MR pERiEHIaF) S FHOHbTERE (BYPBeRsrafSH (EBRF fhstallation), and

an electrical deviceisintended to be understood to mean particularly an inverter. When relatively high

DC voltages up 19,4500 V(B @4e switehed dhe high field strengthsi{gs aresult.gfgasror
ionization)produscec%n%ulctivechahnlnelllsinsugg switc\:]hgletar units betweenttlhg cloantgct zon%? said

conductive channéls Beln?ﬂ(nown a5 electrical arcs or é{jr%ep“ql’étsmas}.D Fhe'arc prg dced when isolating

the switching coht&®s nierdls f¢ beCexargisivet as ghickh By possilsle, Sincedhe aréreR@ses a large
amount of heat (gasrtesmperature, okseveraltbausansdegrpes Kelvia) whish cesiitsdn senere heating

of the switching goptaets, and of the,surroundinge, This severe heaing.can tasultyn damage to the
switchgear unit, for example burning of the switchgear unit, and also to the superordﬁnatel stallation
unit. conductively coupled by means of a conductor path, and
having a mechanical contact system, arranged between
the first and second connections, having two contacts
which can move relative to one another and can be
transferred from a closed position to an open position,
and also having an isolating apparatus, which can be
tripped by means of a thermal fuse, for extinguishing
an arc which is produced when the contacts are opened.
In this context, a direct current source is intended to
be understood to mean particularly a photovoltaic (PV)
generator (solar installation), and an electrical
device is intended to be understood to mean

particularly an inverter.

When relatively high DC voltages up to 1500 V (DC) are
switched, the high field strengths (as a result of gas
ionization) produce conductive channels in such
switchgear units between the contact zones, said
conductive channels being known as electrical arcs or
arc plasmas. The arc produced when 1isolating the
switching contacts needs to be extinguished as quickly
as possible, since the arc releases a large amount of
heat (gas temperature of several thousand degrees
Kelvin) which results in severe heating of the
switching contacts and of the surroundings. This severe
heating can result in damage to the switchgear unit,
for example burning of the switchgear unit, and also to

the superordinate installation unit.



DE 20 2008 010 312 Ul discloses a PV installation or solar installation having what is known as a PV
generator, which for its part comprises grouped solar modules combined to form generator elements.
The solar modules are connected in series or are in parallel lanes. Whereas a generator element
outputs its direct current power via two terminals, the digect current power of the entire PV generator is
fed to an AC voltage system via an inverter. In order to keep down the wiring complexity and power

losses betweer_l]_*g@e genepator elementsiandighe eaniral investerinphis Q@%Q,a\/l'l%ttﬁi@ﬂm@&‘n as
generator terminal boxes idrrlesggr??ggd close, to the en%%(%tr eIemeanI.1 The direct currerbt\g)ower

accumulated in fis ‘W%ly iS usual y_roujfé)él to %%Vclerﬁ ral inverter 6)“7’ _mean%wor} a 6mmon cable.
Depending on tRE€B§steRP PV inStaffatiohs tontirtiodsty delfer i disetatifg et fisht &Rd @k operating
voltage in a range betweenct3bVH{BXL) and 4500 Vo@ @) Retiable isolatiorns of theelectricat

components or feyiges from the Pé’om@lé‘gg” aj.%ingsi%s:ﬁgg ect gurrent sopifce js.gdesirgble for

installation, assembly or servicing purposes, for example, and also particularly for the general
protection of per<ohsSAn Yppropriatedsctainyrabirattis BeaS to b BAp&ble-6Fpetformiiy
interruption undenloaen thatds e saywiithoutwgriortdisconreection oftthe difect ctrrent soarce. For load

isolation, it is possiple-to yse rpgchanigalisvdtches (sydtching eantac). These haye the adyantage that
when the contacts have been opened there is likewise DC isolation JFplggoduced between the electrical

device (inverter) fnd 8% difett ciffent sdoufte (PVYRStafiation) Suth &itchgear Urits A& Known
generally from thé&prior artl The aregpteduced whed the evatacts afs 6penég trdenioddhare quickly

moved to extingyishing @pparatuses prevideddor this purpase.avhete ther-appropriate @ie s
extinguishing tag%% glac%h'l'alhce f%rlge r%qjuirwerg forSthis ésn%@é/jcdoe]g byerg%g@l%t&c fig!)d}g,é whaatraere known
as blowing fields, which are té[iicalﬁ/ proé)uced %y orie or more permanent magnets. 7QSpemaI design of

the contact zoné< aAd dFthe @€ 86nduetingfiec8Ibaies hE arliffscappropridte exdihgahing
chambers, whereitheaie extnguishing takessplace on the basis0f knewn printiples-outed

to the central inverter by means of a common cable.

Depending on the system, PV installations continuously
deliver an operating current and an operating voltage
in a range between 180 V (DC) and 1500 V (DC). Reliable
isolation of the electrical components or devices from
the PV installation acting as a direct current source
is desirable for installation, assembly or servicing
purposes, for example, and also particularly for the
general protection of persons. An appropriate isolating
apparatus needs to be capable of performing
interruption under load, that is to say without prior

disconnection of the direct current source.

For load 4isolation, it 1s possible to use mechanical
switches (switching contact). These have the advantage
that when the contacts have been opened there 1is
likewise DC isolation produced between the electrical
device (inverter) and the direct current source (PV

installation).

Such switchgear wunits are known generally from the
prior art. The arcs produced when the contacts are

opened under load are quickly moved to extinguishing



Such extinguishing chambers comprise arc splitter stacks, for example. The materials used for the arc
splitters are usually ferromagnetic materials, since the magnetic field which accompanies the arc
strives to run through the arc splitters, which exhibit better magnetic conduction, in the vicinity of a
ferromagnetic material. This produces a suction effect in the direction of the arc splitters, which effect
results in the arc moving toward the arrangement of the arc splitters and being split between the latter.
In simple mechapiealsyitghgear wiitsy hymerousssourcesiof fayt,arsasi, pragticerwhich have an
adverse effect on sq_j% thctgieng oreven rﬁri]gleruigL [ F{%SSibl?a]Qense poiaible fauﬁjg thgoabcsgnce of an
arc-extinguishingpﬁoart,%ucﬁl as an arc splitter orab ownglfg magnet. IR ad(q]ﬁibn, mcorrect]fy assembled
parts, for exampl€ @3 & RAulf oF thelblswihg nraghiet Bethgdisartstn®ith thefwrorpol@titytcan also
likewise result inthe switchgear asit falingy Ragticutardy thsthe caise @f hyhtie switeh systems, there are
further opportunfgt'kegdfgg faylt 80 accqunt of missing or g%&ixgﬂee%%% pads. Insgrgg[ tq put the PV

installation into a state which Is safe for humans and the installation in the event of such instances of
fault occurring, ettt Rbed< o HePeritdneAth fdlatdtf sPthatthe LREF c&rPIIEREy the fault and
can replace the swdtchgeapunit.sVhengheanstallatiow is trapsferredao¢hissstate, dhvel switcling housing
of the appliance mysiactbe damaged o desiroyed, soithat,thedive portions femaig dasulated. The
transfer in such an instance of fault is effected by what is known as a failsafe element of the
switchgear unit,%ﬁﬁwo ?’ﬁ‘}és’nggd Ot ACtivafion meéasures, for example manual intervention or the like,
to be taken beforehand. Typical failsafe elements are tripped by virtue of an admissible
material-dependsant gurrent-density {eurrent inteasitepey sudage area) being-excegded.ta:this case,
an electrical condcug(t:ggsis mgl(g%d aenPQatIQelcércuitIiﬁeinterg et%da his igsa gustomary_ ethgg gf
identifying and dglsconne’cting overcurre%ts, as is used in safety fases, for example. This method
cannot be used #P PYtiRrStaNiatiBhs, howeder! EinceSit KOGt PERsbte t8akstime epartictisi¢urrent
density or currentlevel=inthis tase i©@ndhe contiaryc therisippingsortfasalt detection heeds tobe effected
independently o}gHrrepM%/gjﬂp%%zogg 94%&_%@4&59,05%_% gHroe ayrester haying at least one

dissipation element, and also"having a disconnection apparatus, in which it is firstly possible for the at

least one dissipBa&H Biehterft 16 DB didctmetrdiA @ Mafndrimpléthe AtabRA By ePmaF ifeans.
Secondly, it is possibleitalbringTdbout sivartidg é= the eventoffuither emergyaelatedy in particular

thermal, loading; In-this ¢ase,dhereds athermally; detachablestopping device inthepath of movement

of a conductor section, moved bg]/ the disconne tior]C pparatus, between a m%lting location and a
. T ? %%c movin towar ?e arraq%ﬁTent Q . %$ arc
conductive element that forms an opposing contact. In the even ripping and in the case of an

overload, the méverméheafthadndaéior seetidrtisiaterapied by tHe Stopping device before the end
position is reached. In the event of a fault in which the disconnection apparatus cannot safely interrupt

the current and an arc is roduce% or .coniinues 0 exist betwe%n the_fixed connection of the
n e anlical., SW1 nits

.. . S1 me cligear ~u numerous ~source
dissipation element and the conductor section, whic gcorrespon s fo an additional Input ofsheat, the

stopping action &fcadritéliéd ahd ke MOVIHPESHdR ST SECHOR 7 Mo%Bd IR eRd BéSifi6h. The
clearance of theoshod ahe hende: thteidigconnectiorof thestiege attestemfronsthielsysteorare

undertaken in a fpanngr whichLisknown per,se by,an lpstream gyercyreent.protection deyice,

particularly a fuse. A failsafe_element of this kind is, likewise not suitable for the application outlined

above, since, intAfs tasé {58 the fatlt defectic UbES fbt Bke Plabe RS pArEiglaF overturrent has
been reached. Adldicwhich is present woldd alse<nisédn threelestricfenergy rangecofdhe switchgear

unit at relatively/high veltages inthe eventof @ fallbnet being inserted with the
wrong polarity, can also likewise result in the
switchgear unit failing. Particularly in the case of
hybrid switch systems, there are further opportunities
for fault on account of missing or defective electronic

parts.

In order to put the PV installation into a state which
is safe for humans and the installation in the event of
such instances of fault occurring, the circuit needs to

be permanently isolated so that the user can identify



The invention is based on the object of specifying a switchgear unit of the type cited at the outset
which can switch a high DC voltage reliably and safely. In particular, the switchgear unit is intended to
be suitable for performing direct current interruption between a direct current source, particularly a PV
generator, and an electrical device, particularly an inveder- In addition, the switchgear unit is intended
to be set up to extinguish an arc which is produced in the event of a fault and which is not
automatically extinguished withiiy the-switchgear unitnuithapt theypeed foractivation meagures, for
example manuai ins'f%g/ pti%ri or the IiIS<e, '[Qc?g ;tl%lienrggfgreh%%d. Ttggirgventisqcna%%hieve%ﬁhe object by
means of the feafures of claim 1. Acfvantageous fefinements and dévelopmeénts aré the subject matter
of the dependerit'eidifisl b i Srid The SwitdtiyeaPbhit BBADIISES fvd ednneeticiswERM project

from a housing amnd whk_;htare}eéentricaﬂys conﬁtmive_lysﬁeupladby means of areondu@mamath.
Arranged betweep the first andsecopd conpections ig @ meghanical coptact system having two

contacts which can move relative to one another and can be transferred from a closed paosition to an
open position. AFis6atRYG appardtwhich CRABe thppéd By esmsof aitRBfindl fGde isitsed for
extinguishing arsarctwhighads producéed whentthe contactscare opened. fidwe thermalfase comprises a

melting locationyhich is-arranggd in the,serducior path and which,isicanngeted ficstly o the contact
system and secondg via a movi onductor. section to the first connection. In the event of a fault - on
account of the htfé’h gltatgaekgﬁlpl%%gl:()3 ﬁ/%%ﬂqhe contact areas - an arc which is not automatically
extinguished can form under load when the contact system is opened. The isolating apparatus is

tripped and the ggpnection betweerrthe coaduetos segtion anddpe gomactsystara atthe melting

location is broken,when the grcnpa%geq_,aijs,fg he melting temperature of the ln%eltlng location to be

a 1S naerr re . ur
reached or exceedgd. ﬂie arc produced in t event of a Fauﬁt is very energy fich, T contrast to the
prior art, the thetmaffise5e tripféd of thé Atéting f6catio’ R melte§ By &ifginot the chifréft density in
the event of an evercyurrent kutgathet tha heatenergy praduced yethe ate, whieh beatenergy

increases disprq_%ortiongce&%w@e@/.ent of,a fault. ;This rgsultg&g@ﬁg@y fo&gjcqq%\gitchggar unit,

which is tripped or has a fault detected independently of current level. particularly for use in PV
installations. In a0GH&A, e BAcRAY for i SWRESTEH? Unit YEHBRPERSIVE to MAndfactifEand
therefore meetsithe regifirements ©f economic manufatturabllity.dn ore expedisnt epibodiment, the

melting location,is,dR particutay, a sgldet pointiuhich is brokepwhendhe respanse tempgrature is
reached or exceeded. glfe sotlder material used betwteen the contact sgsttem gnd th% conductor section
may be a fusiblé aif6y, Such as an aftmimum/siliconftin aildy or other geherally Kiown'low-melting-point
alloys. The meltigrpsintof suctedlloystis ushally inchégang@front 150C6250€; This figans that

during rated operatigp theycursent is ganried safely witheut trippingsthedtbermal fuse. Altaraatively, it is

conceivable for %ho?r temperatyre-s Sé%\éer%ndc e@é:tré%!ly conductive materials to be used as a

melting location mateel?i%n such as an electrlcaﬁy conductive plastic.
DE 10 2008 049 472 Al discloses a surge arrester having
at least one dissipation element, and also having a
disconnection apparatus, in which it is firstly
possible for the at least one dissipation element to be
disconnected in a manner implementable Dby thermal
means. Secondly, it is possible to bring about shorting
in the event of further energy-related, in particular
thermal, loading. In this case, there is a thermally
detachable stopping device in the path of movement of a
conductor section, moved by the disconnection
apparatus, between a melting location and a conductive
element that forms an opposing contact. In the event of
tripping and in the case of an overload, the movement
of the conductor section is interrupted by the stopping

device before the end position is reached. In the event



According to the field of application, selection of the conductive and/or insulating materials of the
switchgear unit allows a corresponding variation in the response temperature and/or tripping time to be
achieved. It is also conceivable for suitable dimensioning and compilation of the materials used to
allow such a switchgear unit to be used for lower voltages-too.
Inoneadvantageousdevelopment,theisolating apparatus comprises a prestressed spring element. The

spring restoringderce aetsundirectly o drgcthren thegnewing congdHctopsaetion i atreaking direction.

If the melting Io%aatLPnlis hea%ed inadg;nisC ibely (i:qlgrhree%\/tent of a fault, it is melted and the switchgear unit

Interr . a ?han drc 1 rogduce or.
consequently prompﬁs}é system wﬁgr’rup ion 6N account of € spring resf’or?ng' orce. 1 particular, the
prestressed sprifigrélement thevefdie afowP alionedtict SPstérrinterption itHout tHe /fé&d for an
activation measutiestoipe: taken by agpersen iatke eveat of afault.t\Whensthetmetiing logaton is broken,

an arc likewise @5@?@%88@ thet%ont%q; SY%&H&QQ g;]ea?ne tiwg?)ql@nd gp mggigglcong%tor section

on the other. On account of the spring restoring force, the conductor section is moved away from the

contact system ShQtRerBforé tHe &t of the e prishid isHfificldly eXRhdBd. IFARIACHST
extinguished in tis miarmel, shenarc=betiveen e eontagiareas ohtheTWontact systentis also

extinguished. The, diregteurrentspurceconsequently has ¢ iselation frogx the glectrgal device. In
one suitable embodiment, the sgring %Iement deflects the conductor ﬁection about agivot oint, which
i

is at a distance ?r]éﬁeﬁéerﬁeltﬁifg fBcal A, wheh e is"ilffa?iné1 a Sgr% SiS trijprbecﬁ TH BR/% angle
covered in this ¢aseds gréater ¥Eavwor edpgal to 99, irbpartienlar UPise pivating ©f #eceonductor section

artificially extengds- the-second areanetherefore: eoals it fyrthers Jhis additional extension or cooling
ensures that the distance between the contact system and the conductor section is opened as quickly

and as wide as possible in order to extinguish the (second) arc produced when the conductor section
is detached andalsd el (itéts arSWRIERATS présent b the cbrtagt system?! sl é&se, B3 spring
restoring force isehesen to i of appropratelydargecenoogh size=tor theoeendustat sectiamto be

pivoted as quickly as passible, 8o that damage o the. switehing hqusing by the aics ig, aduantageously

prevented. In one suitable embodiment, the housing of the switchgear unit has an insulating chamber
which adjoins th&thétting 18¢tiohWiren (RESSGIETinG Apparfus ras béér tripéd, tHe éoriductor

section is pushedhintdithis s present would also arise 1in the electric
energy range of the switchgear unit at relatively high

voltages in the event of a fault.

The invention 1is based on the object of specifying a
switchgear unit of the type cited at the outset which
can switch a high DC voltage reliably and safely. 1In
particular, the switchgear wunit i1s intended to Dbe
suitable for performing direct current interruption
between a direct current source, particularly a PV
generator, and an electrical device, particularly an
inverter. In addition, the switchgear unit is intended
to be set up to extinguish an arc which is produced in
the event of a fault and which is not automatically
extinguished within the switchgear unit, without the
need for activation measures, for example manual

intervention or the like, to be taken beforehand.

The invention achieves the object by means of the
features of claim 1. Advantageous refinements and
developments are the subject matter of the dependent

claims.



insulating chamber as a result of the spring restoring force. The insulating chamber is used for the
physical and hence insulating isolation of the conductor section from the contact system, which
advantageously assists in extinguishing the arc. In a similarly suitable embodiment, the isolating
apparatus has an isolating element which is held in thedousing so as to move and which is directed
against the conductor section. The melting location is naturally sensitive to external forces acting on it.
On account of the aforementioned spring restoring force of the isolating apparatus on the conductor
section, the melﬂgg loc t{'%n is esugjected tg relatviq\/iecl)éWterégre Ioagli:rng. Asca ngle%ulltS %fsthe jcsvg(l)ating
element, the restoring force canrbe{gin e ectives1y ona rcje?atwelyﬂarge CORtACE area on the conductor
section. In otheCRBRES HHiS Afears tRat the Pesitiing torguelacting Bt Hve AeRtinglocAtioR S
advantageouslygeduced. &s a yesulipthere tsiless ynechanipakstres®appliedda she melting location. In
one suitable embgeligent of the.ipyentiop, thesalating glement also begins closg t e mating
location on the conductor section, as a result of which the power arm and hence the effective torque at
the melting locatiBR € Fediitad firther. TR rGEE lor R pGWEr afthtleRtth kHddthe Eolating
element dimensioning,aan beruséd asanmadditional paranseteprfor timemnsiohiag the desponse
temperature ang/or the-ripping time forthe-dropoutfuseda the,switehgear unit orthe isglating
apparatus. In one expedient develgpment, when the isolating apparatus has heen tripped, the
conductor sectioiis'CovdPed BY'thé Tsotating dlemBRESS 58 ?o B’ée éﬁéaﬁaﬁért Ay insuiREG from the
melting locationbas agessit ofwhichithemed istatkaniaycosisly suppressedngudshinsheaéxpedient
refinement of thg,switghgear unit, the iselating.elementis dirssted-indhe housipgrsesas toaove in
sliding fashion atqgéwhgf thgdg%latingn%§9§gaégs i%ltrirr)rpe isnmovjx_egcigtcoithg in%%l%i g clhgmber
together with the conductor section %yt € spring restoring orce. As a resu?t, the conductor section is
covered completély i #rStrippedtdigteC helsdbating apparatlis shtripgedC iz feifthefarc is
squeezed in betiveentthe isalating-eletment and dhe thsulating chanmbet ] on aceountad thenegonductor
section being pivated., Pagticularly, fast and safe extinguishing af.the arg is ensured by virtue of its
being squeezed in. In one preferred embodiment, the spring element in this case is a compression
spring which pushes the isolating element into the insulating chamber in the breaking direction. To this
end, the isolatingreletrfent andethe instilating €larmber are @f geometriodlly codmplémentaryrdesign, so

that the arc can-he squeezedjpto; the chamherandthe conddelor section £an be complgtely

concealed from the antact sg/s;cem b)é the isolati{]i; element. In thi%cgse, the %%ueezinrg-in length can
be ex d | W % d'TLS h O fau omatica g exX fl%%udls Cal} rm i.l derl .
pediently matched 10 the performance parameters of t irect current source. In an alternative,

likewise advantagesus véfimeniéit ofthetsivitchgeat@iit, the isolating eleent isreld inlthe housing
so as to move infarysfasbion. Whenithe dsplating appasatusois tdppead thecongdustor section is

pivoted by the iselalfie-zlement abouting pivalpoint, whiehJs at g disfance IR e fusitiga location.
In one expedient embodiment, the spring element is a leg spring by means of which a pivot lever

pivots the condd@6PSe@dNn 1§ tHe &Vt otafaulthe arc has caused the melting

temperature of the melting location to be reached or

exceeded.

The arc produced in the event of a fault is very energy
rich. In contrast to the prior art, the thermal fuse is
tripped or the melting location is melted by using not
the current density in the event of an overcurrent but
rather the heat energy produced by the arc, which heat
energy increases disproportionately in the event of a
fault. This results in failsafety for the switchgear
unit, which is tripped or has a fault detected

independently of current level.

The thermal fuse 1n the switchgear unit therefore

serves as a failsafe element which is suitable



In a simple form of the invention, the contact system comprises a moving contact and a fixed contact.
Arranged between the fixed contact and the melting location is an electrically conductive contact
carrier which couples the fixed contact and the melting location so as to conduct heat. Instead of a
moving contact and a fixed contact, two moving contacts may also be provided. In this case, the
thermal capacity or the melting point of the contact carrier is higher than that of the melting location. In
one expedient emhadiment the centact catrierds prodused fromsa material whichiisia gead conductor
of heat and electrkil[%ty,bsau&gl as c QPertﬁ% tha%v flatsé[: ﬁnd a@liableit{ippligg qf nthe{ iseor!%tin aptpgratus IS
ensured. In order to suppor*lﬁme fermal CondUctivi yg(ﬁow of héat per cross-sectional area and
temperature graffeitf 36é e6htact carriénGIHe sRapBe ahd diffehsicifetrac®raingsy, fofexample by
virtue of a tapereartherciasriers b 6ae suitable devglopment, the moving contact is coupled to a rocker
lever for manually operating the contact system by means of a trip mechanism. In one typical
embodiment, the tripping mechanism, the moving contact and the fixed contact form a (mechanical)
snap contact syStenP T the 8388 bf ShictFERgs ¢8iRAEY, thehContietd aRre- ak s fdstitbf dferation -
removed from one apether aslguicklyaas passible ptypically inia few millisedonds Wypicaliyhby a
prestressed leg §Qgﬁgn'£®5 ally allows afirsp arg prodiced;to heextinguished (s¢;that the
isolating apparatus is not tripped. In a typical embodiment of the switchgear unit, the movable

conductor secti8Iis4 fiéxible tornectitg feMient partic (g a<trand®a cORdudBdr thé fiked end of
which is solderedomshiietachablyab the firsegonpection farid theslogskelend ofsisith issoleered at - 12

- the melting locatign.i preferablyitedhe €ontact cawier. bya signilasly tygicakembodimentothe housing

of the switchgear unit hol s}lhe_%%nldnucctor path, the ”ﬁ%@a%cea# ontact system, tg§ islating
apparatus and the therma lse.As a resﬂjlt, tﬁgﬁ\'/e portions of the switthgear unit are insulated from

the surroundingdthaitictifar, #iisadvEntageoti8y prtecis a person bperating the switchgear unit
from the high voitages apd currents whithrarecapplieddn opeaslvantageous refinement, the housing

and the isolating element arg made, from a thermally stable plastic materigl partieulady, from a

thermoset material. This ensures that the high level of heat generation on account of the arc does not

damage or destfoy-the SWitchgedr hddsing, ASE FESUTEHE Ve poribRS tontiltiSto e ndulated so as
to be safe to toushrin the eventofla faultc tr addition, itds efsatetvihatithé ¢solatirg etemeért is not

damaged or destroyed hysthe secopd g, the Jegion of themelting locatian, As a gesults the isolating

element can rehg?lé/clgglflct:% &t&eysv(\él(tj%hcggg{ :I,LJQ!;[ f%) N gr%eigystem in the event of a fault.

According to the field of application, selection of the
conductive and/or insulating materials of the
switchgear unit allows a corresponding variation in the
response temperature and/or tripping time to @ Dbe
achieved. It is also conceivable for suitable
dimensioning and compilation of the materials used to
allow such a switchgear unit to be used for lower

voltages too.

In one advantageous development, the isolating
apparatus comprises a prestressed spring element. The
spring restoring force acts indirectly or directly on
the moving conductor section in a breaking direction.
If the melting location is heated inadmissibly in the
event of a fault, it is melted and the switchgear unit
consequently prompts a system interruption on account
of the spring restoring force. 1In particular, the

prestressed spring element therefore allows automatic



In one suitable embodiment, the isolating element and/or the insulating chamber are made from a
plastic material which degases in the event of fire, particularly from polyamide. By way of example,
polycarbonate or polyoxymethylene are likewise suitable. The plastic degassing operations
advantageously contribute to fast extinguishing of the (second) arc. In particular, the gases hamper
ionization of the air gap in the region of the severed melting location, or help said ionization to die

down faster. - 13 ~Theinterasiompithdhe gheige of suitable\plagticsfer heusing; insidating chamber

and isolating element, the sjggpebaendgh%gnatekr)ial of the contact carrlrie£l'%1(re1d tehe dirtnens' niargg of the

squeezing-in and also the torque actin{g51 on the r\ﬁelt?ng]?oega%i%rﬁ alfow exact trlﬁfﬁﬂg of the iSolating
apparatus in thetéVverit of a fault and reliable extinguishing of the arc.
Inrespectofadisconnectionapparatusfor interrupting direct current between a direct current source and

an electrical deyjee, patticularly between g PV.generatqr and an.ipverter, the stated abject is achieved
by the features of claim 16. Accordingly, the apparatus comprises a live switchgear unit according to

the invention. In‘6H&ExpRalett @mbbdimen? B thetswitéAGEAr uiit, the Sorectidife andhe housing
are, to this end, suitableandsetop forc printee cir¢wit baard assendilycin theovasexfdhe preferred

used of the SWitS@%é@p%QSWQH@pPQE%% istﬁhgr%wd@%ﬁiewagx é‘é_@!%'%'e{%r relia_ble
and touch-safe interruption of direct current both between a PV mstaII%t)lon and mvertg associated

therewith and i SORRectiBWithd flil &elfinstaiiEtidh or &% Hedlimdfator Bhtery ) for ekample.
Exemplary embaditerits bhthedinvemionsare explained inlmbrd detailbetovd ovith réferéhdesto a

drawing, in which:c is extinguished in this manner, the arc between the
contact areas of the contact system is also
extinguished. The direct current source consequently

has DC isolation from the electrical device.

In one suitable embodiment, the spring element deflects
the conductor section about a pivot point, which is at
a distance from the melting location, when the
isolating apparatus is tripped. The pivot angle covered
in this case 1s greater than or equal to 90°, 1in
particular. The pivoting of the conductor section
artificially extends the second arc and therefore cools
it further. This additional extension or cooling
ensures that the distance between the contact system
and the conductor section is opened as quickly and as
wide as possible in order to extinguish the (second)
arc produced when the conductor section is detached and
also the (first) arc which is present on the contact
system. In this case, the spring restoring force 1is
chosen to be of appropriately large enough size for the
conductor section to be pivoted as quickly as possible,
so that damage to the switching housing by the arcs is

advantageously prevented.

In one suitable embodiment, the housing of the
switchgear unit has an insulating chamber which adjoins
the melting location. When the isolating apparatus has

been tripped, the conductor section is pushed into this



figure 1 shows a block diagram of the switchgear unit according to the invention with a failsafe system
between the PV generator and an inverter, figure 2 showsasectionalillustrationofthe switchgear unit in
a closed switching state, - 14 - figure 3 showsasectionalillustrationofthe switchgear unit shown in
figure 1 when the mechanical contact system is opened and when an arc is formed, figure 4
showsasectionalillustrationofthe switchgear unit shown in figure 1 and in figure 2 after the failsafe

system has been{dpped;ing chamber as a result of the spring restoring
force. The insulating chamber is used for the physical
and hence insulating isolation of the conductor section
from the contact system, which advantageously assists

in extinguishing the arc.

In a similarly suitable embodiment, the isolating
apparatus has an isolating element which is held in the
housing so as to move and which is directed against the
conductor section. The melting location is naturally
sensitive to external forces acting on it. On account
of the aforementioned spring restoring force of the
isolating apparatus on the conductor section, the
melting location 1s subjected to relatively intense
loading. As a result of the isolating element, the
restoring force can begin effectively on a relatively
large contact area on the conductor section. In other
words, this means that the resulting torgque acting at
the melting location 1s advantageously reduced. As a
result, there is less mechanical stress applied to the

melting location.

In one suitable embodiment of the invention, the
isolating element also Dbegins close to the melting
location on the conductor section, as a result of which
the power arm and hence the effective torque at the
melting location are reduced further. This torgque, or
the power arm length and/or the isolating element
dimensioning, can be used as an additional parameter
for dimensioning the response temperature and/or the
tripping time for the dropout fuse in the switchgear

unit or the isolating apparatus.

In one expedient development, when the isolating
apparatus has been tripped, the conductor section is
covered by the isolating element so as to be at least
partially insulated from the melting location, as a

result of which the arc is advantageously suppressed.



figure 5 showsanexploded illustrationofthe switchgear unit, figure 6 shows a detail illustration of the
isolating apparatus, figure 7 shows a sectional illustration of details of the switchgear unit with an
alternative isolating apparatus, and figure 8 shows a sectional illustration of details of the switchgear
unit shown in figure 6 in the tripped failsafe state. Partg and magnitudes which correspond to one
another have always been provided with the same reference symbols in all figures. Figure 1
schematically shows a switchgear unit 1 which, in the exemplary embodiment, is connected between a
PV generator 2 ?Qd an inverterﬂs.. Thce I?:\é]generator 2 ggmg}rlige%%incug%ber of solar mo%lﬁgs 4 which

) . ) e expedien 1nement ear un .
are directed, in a’'situation pgra eltoone anor%ﬁer, to a common generatgr termlnaiLB()x . Which

effectively servelsSas-ait B8SerfBInit. Ihthe ians EGftertpath'e rdpreserting $Re pésitive terminal,
the switchgear wwt/k essentially eampegsesrixanhsulisystents, for ieisolatiar of thedR VW gengrator 2

from the inverteggpggg{i@ supgystem is a @anliasl)ly Qperagle m@gganicc}%coqtfqg{j%sctgmgl and the
second subsystem is a failsafe system 8 which trips automatically in the event of a fault. In"the return
chamber together with the conductor section by the

spring restoring force. As a result, the conductor
section 1is covered completely in the tripped state.
When the isolating apparatus 1s tripped, the further
arc 1s squeezed in between the isolating element and
the insulating chamber, on account of the conductor
section Dbeing pivoted. Particularly fast and safe
extinguishing of the arc is ensured by virtue of its

being squeezed in.

In one preferred embodiment, the spring element in this
case is a compression spring which pushes the isolating
element into the insulating chamber in the breaking
direction. To this end, the isolating element and the
insulating chamber are of geometrically complementary
design, so that the arc can be squeezed into the
chamber and the conductor section can be completely
concealed from the contact system by the isolating
element. In this case, the squeezing-in length can be
expediently matched to the performance parameters of

the direct current source.

In an alternative, likewise advantageous refinement of
the switchgear unit, the isolating element is held in
the housing so as to move in rotary fashion. When the
isolating apparatus is tripped, the conductor section
is pivoted by the isolating element about the pivot
point, which 1is at a distance from the melting
location. In one expedient embodiment, the spring
element is a leg spring by means of which a pivot lever

pivots the conductor section in the event of a fault.



- 15 - line 9, representing the negative terminal, of the switchgear unit 1 - and hence of the overall
installation - there may be further contact and failsafe systems 7, 8 connected in a manner which is not
shown in more detail. Figures 2 to 6 show a variant of the switchgear unit 1 according to the invention
in a detailed illustration. The switchgear unit 1 comprises a-housing 10 from which two connections
(external connections) 11 and 12 project. The switchgear unit 1 is connected to the main current path

6 between the PAM, generatap 2.and he inverten:.by: means 0f the eanneetions kL ang; 42 khe contact

system 7 furthermore comprises a contact crosg(l)ag;& %gtwhlgpl gan be oplegiaetgd mcaonr%lall}é t_py means of

a rocker lever 1§%%rzféc’§lf’pling Iev%?ﬁﬁ?gs a moving contact and’a contact carrier féaas a fixed
contact is formedfr The €dntacts br eBhtact afead 178 @ndPrd-Beéfweet the Edrtact€rossba&r 15 and
the contact carries détarerin the farm efl plateletdikelgontact ¢lerents. thieeontacteiesshar 15 is

electrically condygctively coupled ta the gonnegtion 11 by means of a fixed sg@%\deg&?g%%fgr 18, with

both the connection between the contact crossbar 15 and the stranded conductor 18 and t

connection betwerfthe Ftraf@ed Tondittor $8HHd the Barimectidlr E 2 #2ing in the fBPHSI% weld joint.
The contact crossbara®tis essentially haamer<shaped and wadedroman etectricatly corductive

mete_ll, the contag éEﬁ%Q%?%@Q@éfﬁngﬁﬁ 3&}3‘1% hé%‘é‘%r head %%ﬂ%ﬁe%@ﬁaf&@? coptact area
17b in the closed £ of the swijtchge ur}%t 1 (figure 2). The contact carrier 16 is mgode from

ositio
copper, which mesnsthatit Rds RHig 16Vel 5fElectricaraid fieral tonductivi) Sthe cbtact carrier
16 has essentiallj:#ite shabe of Astepdithithe cortacedrean.7b being o216 - aganged atthe upper
step edge. The stepdendy-efithe contactcarter-t5 hasatapered srossreeetiondn ordefto increase the

thermal conduc%\gté/ e[t)P‘i:'fﬁOf' A H;log}llng sitgandgd cgggléctorc 20 gueclggtrncal(lyfcoqgggtclveI%%gupled at
the lower step edge by means of a solder 19.
electricity, such as copper, so that fast and reliable
tripping of the 1isolating apparatus is ensured. 1In
order to support the thermal conductivity (flow of heat
per cross—-sectional area and temperature gradient), the
contact carrier can be shaped and dimensioned
accordingly, for example by virtue of a taper on the

carrier.

In one suitable development, the moving contact is
coupled to a rocker lever for manually operating the
contact system by means of a trip mechanism. In one
typical embodiment, the tripping mechanism, the moving
contact and the fixed contact form a (mechanical) snap
contact system. In the case of such snap contact, the
contacts are - as a result of operation - removed from
one another as quickly as possible, typically in a few
milliseconds, typically by a prestressed leg spring.
This normally allows a (first) arc produced to be
extinguished, so that the isolating apparatus is not

tripped.

In a typical embodiment of the switchgear unit, the
movable conductor section 1is a flexible connecting
element, particularly a stranded conductor, the fixed
end of which is soldered nondetachably to the first

connection, and the loose end of which is soldered at



The stranded conductor 20 may have an electrically insulating shield 21 which has been removed at
both ends of said stranded conductor. One of the conductor ends (fixed end) of the stranded conductor
20 is connected to the connection 12 nondetachably by welding, while the other conductor end (loose
end) is soldered to the contact carrier 15 by means-of the solder 19. In the closed position of the
switchgear unit 1, the circuit is therefore closed by virtue of the two connections 11 and 12 and the
main current path 8. Thecurrens flows thyeugh a copducter-path,22 whjch isitbus fegped.gomprising
the connection 10% th(:eL s}randed conductor 18, the contact crossbar 15, the contact areas 17a and 17b,
the contact carrler]i]é, fhie solder 19, the stranded conductor 20 and the connection 12. The conductor
path 22 runs in an approximate U shape within the housing 10. The housing 10 comprises an
electrically insulatingaanst haat=esigtant, plastic arschisodasnearn pe seen ndigire S -darmegdrom two
complementary housi f-shells 1Qa and 10b. The half-shells 10a and lObpg@lpe canpected to one

another by four holes 23 using screws or rivets (not shown further). The holes 23 are arranged in an

even distributiod'6A A& h6a<ing 20 Epproximatel at theTor? ot of APRAAGIRER Yidre. - 17 -
switchgear unitsharrangedaéxtiosene asotherersa commarepririted circuit board isfpassible. The
housing 10 has apapprexdmately, U-shaped; extgnt, with the fwo U, limbs peing connestedrto one
another by a horizontal partion. Projecting from this horizontal portion are the two connections 11 and
12, and at the UFbdse SIL8&F partially the FSkar I6Ver 13° I additioh. 1 falf-ShellE10ahd 10D are
designed to haversorasspotidind intesmalprbfilesstructiids ifto wwhichithe indilidusibgdregefthe
switchgear unit 3 cande-insgrted wsingthedateglegking shapes or with play. The rocker lever 13 is
used not only for opening and closing the contact system 7 but also as an external visual indication of
the switching state of the switchgear unit 1, as can be seen in figure 4, in which the rocker lever 13 is
in the open positiBn. YFen #E Pocke? fsver 13 Riopstardtmantiafly, arexisifal foi€e foF®ggling the
switch is converieshinda arpivotahemement fordhencomtactrassbar 15 by anartigulationisystem 24.
The failsafe sys%galna §tqrg§ureﬁ£@gpgggr)t DCpigggigg lb(%t\ﬁ@en the BY geperator, 2 and.the inverter 3.
em i Id

The failsafe sys 8 comprises the contact carrier 16, the solder 19, the stranded conductor 20, an

isolating appardfif&57 With-a spitaPcofipréssich sphAg 28-8fd d'differ 26°3id alstf antifiéfiating

chamber 30. Thigvariant entbodimentofthetisotating: ppasatas 20 éssshown irdanosg detaitin figure 6.
The compressiafesiring,28:ig situated im gauidechambey 310f the hausing 10, with a pipdike

extension 32 of tfg)erguide chamber 31 beJCn %mbraced t least igé)art bytthe %mpraeﬁgioggpring 28.

. 10 continpe & 1Nnsu e S
The compressm]% sprlngnfS pusrhesriHe slider 29 agains the stranded tonductor 20°on account of a

spring restoring fereelF. The shider 20usastan @kteAsionawiich isthe fodd bfaon, it 1is

ensured that the isolating element is not damaged or
destroyed by the second arc in the region of the
melting location. As a result, the isolating element
can reliably isolate the switchgear wunit from the

system in the event of a fault.

In one suitable embodiment, the isolating element
and/or the insulating chamber are made from a plastic

material which degases in the event of fire,

particularly from ©polyamide. By way of example,
polycarbonate or polyoxymethylene are likewise
suitable. The plastic degassing operations

advantageously contribute to fast extinguishing of the
(second) arc. In particular, the gases hamper
ionization of the air gap in the region of the severed
melting location, or help said ionization to die down

faster.



- 18 - finger 33 and which pushes directly against the stranded conductor 20. In this case, the finger 33
begins close to the solder 19, as a result of which the torque acting on the soldering, on account of the
spring restoring force F, is as low as possible. The guide chamber 31 and the insulating chamber 30
are at one level in a breaking direction A and are isolategl from one another by the stranded conductor
20, which runs perpendicular thereto. The guide chamber 31 and the insulating chamber 30

furthermore haverthe sarpe {sliderdike).cress sestion: iptheevent of a fault 1an age 26 preduced heats

the contact areafo;:7a}l%qld817b and Qtsagc_‘[e 9'150 theC ﬁgpﬂ&?ct carrier 16 %E aag(iount o_fL (tahe

disproportionately mcreasmlgnﬁéatbenera%ion{l%n' account of the higl]ﬁ ermﬁ%aﬁac@e&ts’aid contact
carrier, the soldéf£9 isliigtedPiera Edifipatabrrextent @hd i altimalely fleltéd r/As @lresule the spring
restoring force kbkthescompressionrspringf28 moyvesdhe shidemn2d-into thenimsukating chamber 30 in

the breaking direetiog. & The sidley 29,and ihe insylating chamber-30 aie ofgeometioalic

complementary design, which means that the¥ can be pus into one another without difficulty. The

squeezing-in leridthof 1 inSdlatiig: chaP e 30 ExpRaistity THatcHes thEpeRBfiftanceipatameters of
the PV generatdraéihtthisnchsee Whilelthesstidén29 is beimg mévedhmte thre. insulating chamber 30, the
stranded conductor 20 is pivoted about a center of rotation 34, and is ultimately bent through

approximately 90 (figure 4). When the solder 19 rgelts and breaks, a second arc (not shown) is formed

between the contact carn&FT6 and the loosé end of e SHHanded CondidBA26 Wifich rdritd
approximately alorigethelsonhedting linedor tiiese imthe brokeastate This seecdndares isfirtstly

extended, and thergbycogled, By - d D=atrtue of thesslider 29 being moved apdis sqeendly squeezed
in between the %(ger 269naenql51 Eherinsg%inga%hag]g\% 30.0n ac%%%nt %fttg% ggjatchgwageshcapel lSoetween
these, and hence ext%gwsnned(.) As soon as the second ar¢ has been extlnguisﬁe , the contact carrier
16 and the strarftfeeicorRflictor 20Rfe BRRiseRRed, &5 areaiilt of vhichtReafd 2615 alsb e
simultaneously extingtished. Fbedingee 33 pramotesthe breajking ofithersaldermgiand; campletely
encapsulates or.guts off the secand arc when it strikes the bottom of the insulating chamber 30. Both
the slider 29 and the internal walls of the insulating chamber 30 may be manufactured from a
degassing and electrically insulating plastic material. The heat generation in the surroundings of the
second arc, parficularheincthepadgiontof ¢ sdiatmgtapparatus 27y ieleasesagasesifrom these plastic

materials. The gasgshamperdonizationof the,ai gap in the region.af the broken sgldes39-0r help the
ionization to die dogvn fatster. A% a result, the segond arc is eagier f%r the isolgﬁng aep}ara]tqus 27 to
extinguish. and set up for a printed circult board assembly™ the
case of the preferred used of the switchgear unit, the
disconnection apparatus is therefore particularly
suitable for reliable and touch-safe interruption of
direct current both between a PV installation and an
inverter associated therewith and in connection with a

fuel cell installation or an accumulator (battery), for

example.

Exemplary embodiments of the invention are explained in
more detail below with reference to a drawing, in
which:

figure 1 shows a block diagram of the switchgear unit
according to the invention with a failsafe
system between the PV generator and an
inverter,

figure 2 shows a sectional illustration of the

switchgear unit in a closed switching state,



In the broken state (figure 4), the conductor path 22 of the switchgear unit 1 accordingly has two DC
isolation locations, namely firstly between the contact areas 17a and 17b and secondly between the
contact carrier 16 and the loose end of the stranded conductor 20. The materials and dimensions of
the switchgear unit 1and the isolating apparatus27 thenepf-are dimensioned asappropriateinorder
toensure interruption of direct current between the PV generator 2 and the inverter 3 within a few

milliseconds even ithe eyentiof adaults- 20 sdeference to figureusand figyre 8, where +1@s an aid to
clarity - only the second half ()va}glgcc}(l)ndg%tor rlalth Zzsggvemconltgct garrier 16, thew?loelgler 9éthe
stranded conductor 20 and the ConAection 1i§3, WFliCh Is relevant to I?h%uf?aﬁsa%e system 8t IS shown.
The isolating apparatus 27' cBRpFisés apkestrassed tegSsiiiry 35 an apprsdmatefy HodkDike pivot
head or lever 36 and an insulating. ebamber 30mddg internal profile of the housing 2 is set up and

shaped to correﬂ%q:go the igﬁl&};’gg ag:paraggc?cqué[bis e@pf)gg‘g%gtt%eninsu@ing ¢hamber 30" is

essentially the loweér half (starting from the top hat rail 12) of the housing 10. The pivot head (pivot

lever) 36 is approximately L-siaped @A botH tHe pivot ABAd 36%and He isuldting?&fambgr 30" being
manufactured from a degassing®lectricallyainsalatinigr plasticihmaterial. Ihetuppehesrnércsda of the
horizontal L-limb of the pivot heag 36 pegins at the litz wire 20 in a similar manner to the finger 33 in
the variant described pre iousl%Arranged at the lower end ofi e vertical L-limb of the pivot head 36 is

the prestressed 16§ 8pfing 35° ThETeg spHing 35°Ko1dS Tite piviot hdad36 ¢S Hs to Aove in'pivot fashion
or in rotary fashion. When thesgéldeh¥¢ aeltsnar account of the heat generation by the arc 26, the leg

spring 35 pivotstthgpivot heash3f,en accosnkofia springskesteringhforce Rerla this sase,ithe litz wire 19
is pivoted about the center of rotation,34' through an angle of approximately 90 in the direction of the

. apparat . )
lower right-hand corner of the ﬁgusmg 18'r of the insulating chamber 30'.
figure 7 shows a sectional illustration of details of

the switchgear unit with an alternative
isolating apparatus, and

figure 8 shows a sectional illustration of details of
the switchgear unit shown in figure 6 in the

tripped failsafe state.

Parts and magnitudes which correspond to one another
have always Dbeen provided with the same reference

symbols in all figures.

Figure 1 schematically shows a switchgear unit 1 which,
in the exemplary embodiment, is connected between a PV
generator 2 and an inverter 3. The PV generator 2
comprises a number of solar modules 4 which are
directed, in a situation parallel to one another, to a
common generator terminal box 5, which effectively

serves as an assembly point.

In the main current path 6 representing the positive
terminal, the switchgear unit 1 essentially comprises
two subsystems for DC isolation of the PV generator 2
from the inverter 3. The first subsystem is a manually
operable mechanical contact system 7, and the second
subsystem is a failsafe system 8 which trips

automatically in the event of a fault. In the return



In contrast to the first exemplary embodiment, the arc is not squeezed in but rather is merely artificially
extended, as a result of which the arc plasma can be - 21 - extinguished on account of the resultant
cooling. In this case, the arc is extended to a substantially greater extent in comparison with the first
exemplary embodiment, since the stranded conductor 20 is not pushed in the direction of the
right-hand side wall but rather is pivoted into the lower corner. The switchgear unit 1, with the isolating

apparatus 27', ig sgtup and suitablesforensyringinternuptian of direct eurrentibetween thePV

generator 2 and tvl‘}? tiré\{ler(teea{ rWithilglna__lL ]‘Cew Tillisgcongsdbotr}llianth noggal cage and |‘p tpglelvent of a
fault. When the F‘lousing%ze is dimensioned in suitable fashmn,?he Horizontal confact area of the

housing 10 on thé &haetiail Side is approxifiatelied cmifide, the 1aeFal ed§Bs df the Siding are
approximately 6fem Uoagand ke badsing 1Qis approxivatelyihcna deemidhe distaace between the
contact areas 17a and,17b s approximately 1.cm in the open position, and the distance between the
contact carrier 15 and the loose end of the stranded conductor 20 after the isolating apparatus 27 or
27' has been tripped is at least 1.5 cm. The plastics for the housing 10, the insulating chamber 30/30'
and the slider 29 ogpivet head 385 tthe lshape and matetialof thehneortactcargert6 and alsb the torque

acting on the solder 19.arechosen suchithat the switchgear unit 1 has 4 rated woltage of, |

approximately 1500 V (DC). The invention is not limited to the exemplar bodiments described
fofr \E/) io%wo%%ogérw 4%y a person

above. On the contrafy” itis A0 Possiblé for StREFVaridnts of the'l
skilled in the arttwithoutdeparting drom thessubjectatatter @R tisecinvention. I partiedtdr, all4ndividual

features describeddn copneation with thendifferentexemplary esshadivests ean, futhermore, also be
CombmedWIthOcnl?r%réontperf)nath 6 between the PV generator 2 and the

inverter 3 by means of the connections 11 and 12.

The contact system 7 furthermore comprises a contact
crossbar 15, which can be operated manually by means of
a rocker lever 13 and a coupling lever 14, as a moving
contact and a contact carrier 16 as a fixed contact is
formed. The contacts or contact areas 17a and 17b
between the contact crossbar 15 and the contact carrier

16 are in the form of platelet-like contact elements.

The contact crossbar 15 is electrically conductively
coupled to the connection 11 by means of a fixed
stranded conductor 18, with both the connection between
the contact crossbar 15 and the stranded conductor 18
and the connection between the stranded conductor 18
and the connection 11 being in the form of a weld
joint. The contact crossbar 15 is essentially hammer-
shaped and made from an electrically conductive metal,
the contact area 17a being arranged at the hammer head
end and resting on the contact area 17b in the closed

position of the switchgear unit 1 (figure 2).

The contact carrier 16 is made from copper, which means
that it has a high 1level of electrical and thermal
conductivity. The contact carrier 16 has essentially

the shape of a step, with the contact area 17b being



- 22 - a different way without departing from the subject matter of the invention. - 23 - List of reference
symbols 1Switchgear unitl9solder 2PV generator20Stranded conductor 3Inverter21Shield 4Solar
module22Conductor path

- 16 -

arranged at the upper step edge. The step body of the
contact carrier 15 has a tapered cross section in order
to increase the thermal conductivity thereof. A moving
stranded conductor 20 is electrically conductively

coupled at the lower step edge by means of a solder 19.

The stranded conductor 20 may have an electrically
insulating shield 21 which has been removed at both
ends of said stranded conductor. One of the conductor
ends (fixed end) of the stranded conductor 20 1is
connected to the connection 12 nondetachably by
welding, while the other conductor end (loose end) is
soldered to the contact carrier 15 by means of the
solder 19.

In the closed position of the switchgear unit 1, the
circuit 1s therefore <closed by virtue of the two
connections 11 and 12 and the main current path 6. The
current flows through a conductor path 22 which is thus
formed, comprising the connection 11, the stranded
conductor 18, the contact c¢crossbar 15, the contact
areas 1l7a and 17b, the contact carrier 16, the solder
19, the stranded conductor 20 and the connection 12.
The conductor path 22 runs in an approximate U shape

within the housing 10.

The housing 10 comprises an electrically insulating and
heat-resistant plastic and is - as can be seen 1in
figure 5 - formed from two complementary housing half-
shells 10a and 10b. The half-shells 10a and 10b can be
connected to one another by four holes 23 using screws
or rivets (not shown further). The holes 23 are
arranged in an even distribution on the housing 10
approximately at the corner points of an imaginary

square.

The housing 10 has an approximately rectangular cross

section, so that simple assembly of a plurality of



5Terminal box23Hole 6Maincurrent 24Articulation system path 7Contact system26Arc 8Failsafe
system27, 27' Isolating apparatus 9Return line28Compression spring 10Switching29Slider housing
10a, 10b Half-shell30, 30" Insulating chamber

- 17 =

switchgear units 1 arranged next to one another or a
common printed circuit board is possible. The housing
10 has an approximately U-shaped extent, with the two U
limbs being connected to one another by a horizontal
portion. Projecting from this horizontal portion are
the two connections 11 and 12, and at the U base at
least partially the rocker lever 13. In addition, the
half-shells 10a and 10b are designed to have
corresponding internal profile structures into which
the individual parts of the switchgear unit 1 can be

inserted using the interlocking shapes or with play.

The rocker lever 13 is used not only for opening and
closing the contact system 7 but also as an external
visual indication of the switching state of the
switchgear unit 1, as can be seen in figure 4, in which
the rocker lever 13 1is in the open position. When the
rocker lever 13 is operated manually, an external force
for toggling the switch 1s converted into a pivot
movement for the contact crossbar 15 by an articulation

system 24.

The failsafe system 8 ensures permanent DC isolation
between the PV generator 2 and the inverter 3. The
failsafe system 8 comprises the contact carrier 16, the
solder 19, the stranded conductor 20, an isolating
apparatus 27 with a spiral compression spring 28 and a
slider 29 and also an insulating chamber 30. This
variant embodiment of the isolating apparatus 27 is

shown in more detail in figure 6.

The compression spring 28 1is situated in a guide
chamber 31 of the housing 10, with a pin-like extension
32 of the guide chamber 31 being embraced at least in
part by the compression spring 28. The compression
spring 28 pushes the slider 29 against the stranded
conductor 20 on account of a spring restoring force F.

The slider 29 has an extension which is the form of a



11, 12Connection31Guide chamber 13Rocker lever32Guide extension 14Coupling lever33Finger
extension 15Contact crossbar 34Center of rotation 16Contact carrier35Leg spring 17a, 17b Contact
area36Pivot head/lever 18Stranded36aPivot head tip conductor ABreaking direction

- 18 -

finger 33 and which ©pushes directly against the
stranded conductor 20. In this case, the finger 33
begins close to the solder 19, as a result of which the
torque acting on the soldering, on account of the

spring restoring force F, is as low as possible.

The guide chamber 31 and the insulating chamber 30 are
at one level in a breaking direction A and are isolated
from one another by the stranded conductor 20, which
runs perpendicular thereto. The guide chamber 31 and
the insulating chamber 30 furthermore have the same

(slider—-1like) cross section.

In the event of a fault, an arc 26 produced heats the
contact areas 1l7a and 17b and hence also the contact
carrier 16 on account of the disproportionately
increasing heat generation. On account of the high
thermal capacity of said contact carrier, the solder 19
is heated to a comparable extent and is ultimately
melted. As a result, the spring restoring force F of
the compression spring 28 moves the slider 29 into the
insulating chamber 30 in the breaking direction A. The
slider 29 and the insulating chamber 30 are of
geometrically complementary design, which means that
they can be pushed into one another without difficulty.
The squeezing-in length of the insulating chamber 30
expediently matches the performance parameters of the

PV generator 2 in this case.

While the slider 29 is being moved into the insulating
chamber 30, the stranded conductor 20 is pivoted about
a center of rotation 34, and is ultimately bent through
approximately 90° (figure 4). When the solder 19 melts
and breaks, a second arc (not shown) is formed between
the contact carrier 16 and the loose end of the
stranded conductor 20, which runs approximately along
the connecting line for these in the broken state. This

second arc is firstly extended, and thereby cooled, by



F, F'Spring force - 24 - Claims 1. A switchgear unit (1) for switching high DC voltages, having two
connections (11, 12) which project from a housing (10)and which are electrically conductively coupled
by means of a conductor path (22), and having a mechanical contact system (7), arranged between
the first and second connections (11, 12), having two contacts (15, 16) which can move relative to one
another and can be transferred from a closed position to an open position, and also having an isolating
apparatus (27, 2#); which.gan bedrippedyrmeans gt a.thermal tuse B)dfor extinguishing,an arc (26)
which is produced when tge cont%ct% &1656,n16)cﬁree %gﬁgﬁ]%kggggacteéged%w that the iheﬁrmal fuse (8)

comprises a meftﬁl%elgcz:aetlon](%) which is arrange uctor pat (Q22)la{1nsdJ which IS connected

firstly to the confdtt8pstem{¥) andl secsiiil:via afmobiy cBAdGtenSecorR F20) RetheTh st
connection (12)rwhetsein thedsoladingeappartatus;(2/s 249 is wppecband the canrecte:bativeen the

conductor sectign.(20) and the contagt §X§§§E},@c§§ broken ggmga@gltiggﬁc%ign (39) when the arc

(26) has caused the melting temperature of the melting location (19) to be reached or exceeded.
the stranded conductor 20 are DC isolated, as a result

of which the arc 26 is also simultaneously
extinguished. The finger 33 promotes the breaking of
the soldering and completely encapsulates or cuts off
the second arc when it strikes the bottom of the

insulating chamber 30.

Both the slider 29 and the internal walls of the
insulating chamber 30 may be manufactured from a
degassing and electrically insulating plastic material.
The heat generation in the surroundings of the second
arc, particularly in the region of the isolating
apparatus 27, releases gases from these plastic
materials. The gases hamper ionization of the air gap
in the region of the broken solder 19 or help the
ionization to die down faster. As a result, the second
arc 1s easier for the isolating apparatus 27 to

extinguish.

In the broken state (figure 4), the conductor path 22
of the switchgear unit 1 accordingly has two DC
isolation locations, namely firstly between the contact
areas 17a and 17b and secondly between the contact
carrier 16 and the loose end of the stranded conductor
20. The materials and dimensions of the switchgear unit
1 and the isolating apparatus 27 thereof are
dimensioned as appropriate in order to ensure
interruption of direct current between the PV generator
2 and the inverter 3 within a few milliseconds even in

the event of a fault.

A second variant embodiment of the switchgear unit 1

with an isolating apparatus 27’ is explained below with



2. The switchgear unit (1) as claimed in claim 1, characterized in that the isolating apparatus (27, 27')
comprises a prestressed spring element (28, 35), the spring force (F, F') of which acts indirectly or
directly on the conductor section (20) in a breaking direction (A). 3. The switchgear unit (1) as claimed
in claim 1 or 2, characterized - 25 - in that the spring element (28, 35) deflects the conductor section
(20) about a pivot point (34), which is at a distance from the melting location (19), when the isolating

apparatus (27, 2€¥xistrpped. t4, Thesswitchgearunit(1)as slaimed,ingclaim-3, Lhaactesized
to clarity - only the second half of the conductor path
22 (the contact carrier 16, the solder 19, the stranded
conductor 20 and the connection 12), which is relevant
to the failsafe system 8, 1s shown. The isolating
apparatus 27’ comprises a prestressed leg spring 35, an
approximately hook-like pivot head or lever 36 and an
insulating chamber 30’. The internal profile of the
housing 2 1is set up and shaped to correspond to the

isolating apparatus 27'.

In this embodiment, the insulating chamber 30’ 1is
essentially the lower half (starting from the top hat
rail 12) of the housing 10. The pivot head (pivot
lever) 36 1s approximately L-shaped, with both the
pivot head 36 and the insulating chamber 30’ Dbeing
manufactured from a degassing electrically insulating
plastic material. The  upper corner 36a of the
horizontal L-limb of the pivot head 36 begins at the
litz wire 20 in a similar manner to the finger 33 in
the variant described previously. Arranged at the lower
end of the vertical L-limb of the pivot head 36 is the
prestressed leg spring 35. The leg spring 35 holds the
pivot head 36 so as to move in pivot fashion or in

rotary fashion.

When the solder 19 melts on account of the heat
generation by the arc 26, the leg spring 35 pivots the
pivot head 36 on account of a spring restoring force
F’. In this case, the litz wire 19 is pivoted about the
center of rotation 347 through an angle of
approximately 90° in the direction of the lower right-
hand corner of the housing 10 or of the insulating

chamber 307'.

In contrast to the first exemplary embodiment, the arc
is not squeezed in but rather is merely artificially

extended, as a result of which the arc plasma can be



in that the isolating apparatus (27, 27') deflects the conductor section (20) through a pivot angle of
greater than or equal to 90. 5. The switchgear unit (1) as claimed in one of claims 1 to 4,
characterized in that the housing (10) has an insulating chamber (30, 30") which adjoins the melting
location (19) and in which the conductor section (20) isituated when the isolating apparatus (27, 27')
has been tripped. 6. The switchgear unit (1) as claimed in one of claims 1 to 5, characterized in that

the isolating apparatus«(27s2£3 hasandselating element{29, 363 whichhis helsin the housing (10) so
as to move and which is directed a}gainst the conductor segti%p (%(()g 7. The gchtch ear Lﬁ_nit (1) as
=) e 6) antial

. : : t . :
claimed in claim ,lc%arggtsérlked in that the |sé1§1t|n8>éTeerﬁlent (29, ,aha\}sihlg een rlppe&], covers the

conductor sectiGi EZ0) %6 a3°t6 Prévide at Feast Pattied insulaiidn fof the AedltirRpIBERIcH 119).

embodiment, since the stranded conductor 20 1is not
pushed in the direction of the right-hand side wall but
rather is pivoted into the lower corner. The switchgear
unit 1, with the isolating apparatus 27’, is set up and
suitable for ensuring interruption of direct current
between the PV generator 2 and the inverter within a
few milliseconds, both in the normal case and in the

event of a fault.

When the housing size 1is dimensioned 1in suitable
fashion, the horizontal contact area of the housing 10
on the top hat rail side is approximately 4 cm wide,
the lateral edges of the housing are approximately 6 cm
long and the housing 10 is approximately 2 cm deep. The
distance between the contact areas 17a and 17b 1is
approximately 1 cm in the open position, and the
distance Dbetween the contact carrier 15 and the loose
end of the stranded conductor 20 after the isolating
apparatus 27 or 27’ has Dbeen tripped 1is at least
1.5 cm. The plastics for the housing 10, the insulating
chamber 30/30’ and the slider 29 or pivot head 35, the
shape and material of the contact carrier 16 and also
the torque acting on the solder 19 are chosen such that
the switchgear unit 1 has a rated voltage of

approximately 1500 V (DC).

The invention is not limited to the exemplary
embodiments described above. On the contrary, it is
also possible for other variants of the invention to be
derived by a person skilled in the art without
departing from the subject matter of the invention. In
particular, all individual features described in
connection with the different exemplary embodiments

can, furthermore, also be combined with one another in



8. The switchgear unit (1) as claimed in claim 6 or 7, characterized - 26 - in that the isolating element
(29) is directed in the housing (10) so as to move in sliding fashion and, when the isolating apparatus
(27) is tripped, enters the insulating chamber (30) together with the conductor section (20). 9. The
switchgear unit (1) as claimed in claim 6 or 7, charactezized in that the isolating element (36) is held in
the housing (10) so as to move in rotary fashion and, when the isolating apparatus (27') is tripped,

pivots the conductor sestion:(20) abyit the pivetpoing£34) which isratadistance fropythednelting

location (19). matter of the invention.



10. The switchgear unit (1) as claimed in one of claims 1 to 9, characterized in that the contact system
(7) has a moving contact (17a) and a fixed contact (17b) or two moving contacts (17a, 17b), wherein
the melting location (19) is coupled to the fixed contact (17b) or to one of the moving contacts (17b) by
means of an electrically conductive contact carrier (16»s0 as to conduct heat. 11. The switchgear unit
(1) as claimed in claim 10, characterized in that the moving contact (15) is coupled to a rocker lever
(13) for operatingithe contact systen£7)dymeans of a trip mechanism (24, 25). 12. The switchgear
unit (1) as claimed in one of claims 1 to 11, characterized in that the movable conductor section (20) is
a flexible connecting element, particularly in the form of a stranded conductor (20), the fixed end of
which is solderetl nondetach&bly t6 B¥e fitst eBafkectior? (12),  solder

2 PV generator 20 Stranded conductor
3 Inverter 21 Shield
4 Solar module 22 Conductor path
5 Terminal box 23 Hole
6 Main current 24 Articulation system
path
7 Contact system 26 Arc
8 Failsafe system 27, 27" Isolating apparatus
9 Return line 28 Compression spring
10 Switching 29 Slider
housing
10a, 10b Half-shell 30, 30’ 1Insulating chamber
11, 12 Connection 31 Guide chamber
13 Rocker lever 32 Guide extension
14 Coupling lever 33 Finger extension
15 Contact crossbar 34 Center of rotation
16 Contact carrier 35 Leg spring
17a, 17b Contact area 36 Pivot head/lever
18 Stranded 36a Pivot head tip
conductor
A Breaking direction

F, F’ Spring force



- 27 - and the loose end of which is soldered at the melting location (19), preferably to the contact
carrier (16). 13. The switchgear unit (1) as claimed in one of claims 1 to 12, characterized in that the
housing (10) holds the conductor path (22), the mechanical contact system (7), the isolating apparatus
(27, 27") and the thermal fuse (8). 14. The switchgear 2init{1) as claimed in one of claims 1 to 13,
characterized in that the housing (10) and the isolating element (29, 36) are made from a thermally
stable plastic material, particularly from a thermoset miaterial. 15. The switchgear unit (1) as claimed
in one of claims 1 to 14,

1. A switchgear unit (1) for switching high DC
voltages, having two connections (11, 12) which project
from a housing (10) and which are electrically
conductively coupled by means of a conductor path (22),
and having a mechanical contact system (7), arranged
between the first and second connections (11, 12),
having two contacts (15, 16) which can move relative to
one another and can be transferred from a closed
position to an open position, and also having an
isolating apparatus (27, 27'), which can be tripped by
means of a thermal fuse (8), for extinguishing an arc

(26) which 1is produced when the contacts (15, 16) are

opened,
characterized
in that the thermal fuse (8) comprises a melting

location (19) which is arranged in the conductor path
(22) and which is connected firstly to the contact
system (7) and secondly via a moving conductor section
(20) to the first connection (12), wherein the
isolating apparatus (27, 27') is tripped and the
connection between the conductor section (20) and the
contact system (7) is broken at the melting location
(19) when the arc (26) has caused the melting
temperature of the melting location (19) to be reached

or exceeded.

2. The switchgear unit (1) as claimed in claim 1,
characterized

in that the isolating apparatus (27, 27’) comprises a
prestressed spring element (28, 35), the spring force
(F, F') of which acts indirectly or directly on the

conductor section (20) in a breaking direction (A).

3. The switchgear unit (1) as claimed in claim 1 or
2y

characterized



characterized in that the isolating element (29, 36) and/or the insulating chamber (30, 30") are made
from a plastic material which degases in the event of fire, particularly from polyamide. 16. An isolating
apparatus (27, 27') for interrupting direct current between a direct current source and an electrical
device, particularly between a photovoltaic generater (2band an inverter (3), having a live switchgear
unit (1) as claimed in one of claims 1 to 15.

in that the spring element (28, 35) deflects the
conductor section (20) about a pivot point (34), which
is at a distance from the melting location (19), when

the isolating apparatus (27, 27’) is tripped.

4. The switchgear unit (1) as claimed in claim 3,
characterized

in that the isolating apparatus (27, 27') deflects the
conductor section (20) through a pivot angle of greater

than or equal to 90°.

5. The switchgear wunit (1) as <claimed in one of
claims 1 to 4,
characterized
in that the housing (10) has an insulating chamber (30,
307) which adjoins the melting location (19) and in
which the conductor section (20) 1s situated when the

isolating apparatus (27, 27’) has been tripped.

6. The switchgear wunit (1) as claimed in one of
claims 1 to 5,
characterized
in that the isolating apparatus (27, 27’) has an
isolating element (29, 36) which is held in the housing
(10) so as to move and which is directed against the

conductor section (20).

7. The switchgear unit (1) as claimed in claim 6,
characterized

in that the isolating element (29, 36), having been
tripped, covers the conductor section (20) so as to
provide at least partial insulation from the melting

location (19).

8. The switchgear unit (1) as claimed in claim 6 or
7,

characterized
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in that the isolating element (29) 1is directed in the
housing (10) so as to move in sliding fashion and, when
the isolating apparatus (27) 1s tripped, enters the
insulating chamber (30) together with the conductor

section (20).

9. The switchgear unit (1) as claimed in claim 6 or
7,
characterized

in that the isolating element (36) 1s held in the
housing (10) so as to move in rotary fashion and, when
the isolating apparatus (27’') 1s tripped, pivots the
conductor section (20) about the pivot point (34),

which is at a distance from the melting location (19).

10. The switchgear wunit (1) as <claimed in one of
claims 1 to 9,

characterized

in that the contact system (7) has a moving contact
(17a) and a fixed contact (17b) or two moving contacts
(17a, 17b), wherein the melting location (19) is
coupled to the fixed contact (17b) or to one of the
moving contacts (17b) by means of an electrically

conductive contact carrier (16) so as to conduct heat.

11. The switchgear unit (1) as claimed in claim 10,
characterized

in that the moving contact (15) is coupled to a rocker
lever (13) for operating the contact system (7) by

means of a trip mechanism (24, 25).

12. The switchgear wunit (1) as <claimed in one of
claims 1 to 11,

characterized

in that the movable conductor section (20) is a
flexible connecting element, particularly in the form
of a stranded conductor (20), the fixed end of which is

soldered nondetachably to the first connection (12),
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and the loose end of which is soldered at the melting

location (19), preferably to the contact carrier (16).

13. The switchgear unit (1) as <claimed 1in one of
claims 1 to 12,

characterized

in that the housing (10) holds the conductor path (22),
the mechanical contact system (7), the isolating

apparatus (27, 27’) and the thermal fuse (8).

14. The switchgear wunit (1) as claimed in one of
claims 1 to 13,

characterized

in that the housing (10) and the isolating element (29,
36) are made from a thermally stable plastic material,

particularly from a thermoset material.

15. The switchgear wunit (1) as claimed in one of
claims 1 to 14,

characterized

in that the isolating element (29, 36) and/or the
insulating chamber (30, 30’) are made from a plastic
material which degases in the event of fire,

particularly from polyamide.

16. An isolating apparatus (27, 27’) for interrupting
direct current between a direct current source and an
electrical device, particularly between a photovoltaic
generator (2) and an inverter (3), having a 1live
switchgear unit (1) as claimed in one of claims 1 to
15.



