Description METHOD AND DEVICE FOR SAFELY SWITCHING A PHOTOVOLTAIC SYSTEM
AFTER DIFFERENTIATING THE ARC TYPE 5 The invention relates to a method for safely switching
a DC voltage system in the event of an arc occurring on the DC side, in which the direct current
generated and the DC voltage produced are adjustediwith respect to 10 power management. A DC
voltage system is understood as meaning, in particular, a photovoltaic system here. A DC voltage
system of the type mentioned may also be refersed ta gs adew-voltage system for DC voltages up 15
to a DC voltage of 1000 V, for example. Such a system is, for example, a battery system, a system
with fuel cells, an electrical system in a motor vehicle, in particular in an electric vehicle or a hybrid
vehicle, and a phdtevoltaic 2)5tehi Uy with a‘Hurmberdf DE20NrofuEels TR Noté\Vditaic system
as a DC system usually comprises arrmrber of frriovoiaicTmeduies (paselsy®hich are connected in
series in sascalled strings. A plurality 25 of strings may also be connected in parallel, thus forming a
photovoltaic generator with a plurality of photovoltaic modules and one or more strings. In this case,

the number of mMgtules (PaREsy Withi& &g i pAndipieHeterhfifiesSMEDE vEaAdE §eRrated, while
30 the number of siingsodorneetedyintparaliel deterntinesithecdirerh carrentoafehe photovottaic

generator. If thegphotoyoltaicgystem isusedhtodfged glectrical engrgy converted freaysolaienergy into
a public 35 electricity grid, use is usually made of an inverter. whjch converts the direct current

produced in thelcpih%to%élta}]corﬁn%%gfees Fr¥t8 §ﬁ8?ndatiﬁ§ %ur?e%%%f’%ﬁdACWl%% reSpec£ to
10 power management. A DC voltage system is understood as

meaning, in particular, a photovoltaic system here.

A DC voltage system of the type mentioned may also be
referred to as a low-voltage system for DC voltages up
15 to a DC voltage of 1000 V, for example. Such a system
is, for example, a battery system, a system with fuel
cells, an electrical system in a motor vehicle, in
particular in an electric vehicle or a hybrid wvehicle,
and a photovoltaic system usually with a number of DC

20 producers.

A photovoltaic system as a DC system usually comprises
a number of photovoltaic modules (panels) which are
connected in series in so-called strings. A plurality
25 of strings may also be connected in parallel, thus
forming a photovoltaic generator with a plurality of
photovoltaic modules and one or more strings. In this
case, the number of modules (panels) within a string in
principle determines the DC voltage generated, while
30 the number of strings connected in parallel determines

the direct current of the photovoltaic generator.

If the photovoltaic system is used to feed electrical
energy converted from solar energy into a public
35 electricity grid, use 1is usually made of an inverter
which converts +the direct current produced in the
photovoltaic modules into alternating current at an AC
frequency adapted to the grid frequency. In the case of
an off-grid DC voltage or photovoltaic system, the



frequency adapted to the grid frequency. In the case of an off-grid DC voltage or photovoltaic system,
the energy produced can be buffered or can be directly used to supply the load. The inverter or
generally a converter ensures, in 5 conjunction with so-called power management (maximum power
point tracker), that the load always operates at or at least in the vicinity of the so-called maximum
power point. The power of the photovoltaic system,-wtxich is determined from the product of the DC
voltage 10 and the direct current according to the characteristic I/U curve of a photovoltaic system, is

zero during idling{Inc, 0) apd k. the case ofa shoart cireyit (UDE 5,0),thal is-[a-say, theRhotovoltaic
system does not output ag% power#[n thofﬁse extreme cases. At the MPP, 15 the power output by the

solar cells and thils %}Qﬁ) hotbvoltsizhodules reaches a maximum. The position of this maximum
power point (operating point) is dependent on different factors such as, in particular, the solar

radiation, the temperature;and ageing-pheparmena. An 20 MRB et for Gnaximel)) power
management sets %heudié%cltocrtljrr%nit tqgld glg_DC Vf)étgge %f th% phoé%\éoltgic g%ner%%& to n%h% operating
point corresponaing]torfhe maximum power. §§Jrn Sucha DE sysIFem ahd thus also in a plﬁotovoltaic
system, arcs m&Pyecur R ditfereritdcietiohs ahfithtdiffereAt fovierderendRiRyart thie system
architecture andbas a tesuk of agechor tdamaged 1ine tepnrectians: or cablesl ard asna xasulirof

damaged modules, In-ordey 19,30 ideptify an,grg acegmpanied by, gSHoghGireyit or gurkent path

interruption, WO 95/25374 discloses the practice of detecting the electromagnetic radiation coming

from the arc and’Bf-§fefySwithiigthB e dif SBetioh e tshdft ciriGit BFthB LAk path 35
interruptiohlin oedet ta protett tlee systemr enb Cagysterd, lingatticulara photovoltaiorsystem, in the

event of an arc goeurring ¥ he iptention isplse {o,spedity a devicersuitable foreayrying,out the method.
5 With regard to.th ,metha , the opject Is achievegl, according to th% %nve{]tion, bé/uthe f%atures of claim

1. The subclaim5WhigH referback 1o thé fatte? réidfe t%aas(]%/anffag%ous %Jévelgﬁ)rrnenfst. 101t this

respect, in the evefitlof ahtert défected USHIY Sensoish tHeopowErmanagerhent stelke systém or load is
adjusted and a pewer.echange indbedarc isdetacted Instherevent ofza pewerndrop instherarg caused by

the power,adjusient, 8 serial g1 parallelaye s, 15 idenfificd o0 fhe basis,of e adiygimentdirection of
the power management. In this case, a direct current Interruption Is initiated in the case of a serial arc

and a short-circHit ehAERLISPrEdTEH! Hidt is FPSAPa shoRtEirelitts deliberater foiced, ffthe case of
20a parallel arctinian expedient refinement; thec pawermanagementiist) is dependent

on different factors such as, in particular, the solar
radiation, the temperature and ageing phenomena. An
20 MPPT circuit for (maximum) power management sets the
direct current and the DC voltage of the photovoltaic
generator to the operating point corresponding to the

maximum power.

25 In such a DC system and thus also in a photovoltaic
system, arcs may occur at different locations and with
different power depending on the system architecture
and as a result of aged or damaged line connections or
cables and as a result of damaged modules. In order to

30 identify an arc accompanied by a short circuit or
current path interruption, WO 95/25374 discloses the
practice of detecting the electromagnetic radiation
coming from the arc and of safely switching the circuit
section having the short circuit or the current path

35 interruption in order to protect the system.

The invention 1is based on the object of specifying a

particularly suitable method for safely switching such



adjusted in the idling direction, that is to say in the direction of increasing DC voltage, by an
adjustment 25 amount and a power change in the arc is detected. This adjustment direction is
preferred if at least rough qualification of the type of arc as a serial arc is already possible on the basis
of sufficiently meaningful sensor data. Otherwise, if the sensor data 30 classify the arc as a parallel arc
with overwhelming probability, the power managemeng or-the current/voltage or power/voltage
operating point is adjusted in the short-circuiting direction. If a power drop, for example quenching of

the arc, is determingd 33 @sia result gf the adjustment of thgipowesrdnanagemeant..a serial gr a parallel
arc is identified depending on tltlergrevious power management a%justment direction. Otherwise, that is
egbtf/ve? c tHi

to say in the eventof Ad Ahgd & £ FoWeF iHePease iR the afd: tHE Powver thaiagement is first
of all reset by thersdjustment dmourt and-is #ekesHifted byanyadjdstenent Ensourt il tite respective
opposite adjustment direction. 5 In this case, the invention is based on the knowledge that a DC

voltage or photqyoltaic system js safely switched in a relighle manner when gquenching of the arc is
also ensurg;d bﬁhé%pro%c?ﬁ/édmeségureti?ﬁenr?%slhlg%’o k?l%v%n, %%tﬂ%cctaselgf a%cgﬁé%r%?{fhe load or
inverter must théfeferee Boleted fismiteDE Voltage Yehefatdroaid mest theréfdretBe Switched off

in order to interropéorsexingaishsthelare il hisisdiecanse if the load or dnvester issdisecennested from

the DC 15 generaior as aJesylt o&gg@gg&q@t@g circuit in the case of a parallel arc, only the arc
remains as the load, with the result that the entire remaining direct current flows via the arc and

accordingly strengthens the latter, rather than extinguishing it. 20 Therefore, the inverter or the load
should belghort-tirctitedsorr B Ctside. in thecase ofia pafalleharer Sintet as ts=khowai,rtbe majority

of possible arcscannaw be classifisd as setiahatasean therone,hand, and25parallgl args; on the
other hand, a detgcted arc should first of all be identified as %serial or Qara(ljlel arc, which would only
a s % % =) c 1s.de t

be possible with extreme diffict ty%s%%ws?ernsgrsagrgeelsé r6n|§/ with"a con&deraﬁ%coue[ ay oInnsensors. 30

On the basis of tHi§ krovfedgedthe invertisitis AbRibased dithe esrsiderat@dth®ithe pewer
behavior of an aseweeurringiifusuchea systerg cansfirst 9 all ba-detected in a simple Manner using

sensors independently, 35 offhs arq type (sarial o, parglleh. uile.i s then ossible,to jdenyify the arc
type independently o the sensornby means of a contro ed intervention in the power management. This
is because if thé-Bfer&fitFpoimt it f8' e Say tHe pdiiermdifatemeft, BlddjisteCietdRed) in the
idling direction and-therarptpower dropsrasta easedt, d seridl arccearebeoteliably infersad. dmra similar

manner, when the powet pypanagement.or ife opgrating pointis adivsted, in.a targeted manner and
there is a power drop in the arc which is caused thereby and is detected,usm%sensors, a parallel arc
canberehamyﬁ%e? a;t circuit 1is deliberatély forced, in the case of

20 a parallel arc.

In an expedient refinement, the power management 1is
adjusted in the idling direction, that is to say in the
direction of increasing DC voltage, by an adjustment
25 amount and a power change in the arc is detected. This
adjustment direction 1s preferred if at least rough
qualification of the type of arc as a serial arc 1is
already possible on the basis of sufficiently
meaningful sensor data. Otherwise, 1if the sensor data
30 classify the arc as a parallel arc with overwhelming
probability, the power management or the
current/voltage or power/voltage operating point 1is
adjusted in the short-circuiting direction. If a power
drop, for example quenching of the arc, is determined
35 as a result of the adjustment of the power management,
a serial or a parallel arc is identified depending on
the previous power management adjustment direction.

Otherwise, that 1s to say in the event of no power



10 The identification as a serial or parallel arc then forms the control criterion for an isolating switch,
for example, in the current path on the DC side or for controlling a short-circuiting switch for the load or
for the inverter or converter on the DC side into its 15 closed position. With appropriately designed
inverters or converters, these short-circuiting switch and isolating switch functions can also be
integrated in the inverter or converter function by means of corresponding electronic circuit measures.
20 With regard to the device, the object is achieved, according to the invention, by the features of

claim 6. The subglaims.which refer baglcto theJatteriglate tg advantaggqus refinements.2s In this
respect, the device comprises a controller for power mnagﬁement or fortng%ustirégj or settin?sthe
operating point BFRREYSTEH. At feast bhé arcdensor whith 5§ EonRécted fo the cbttrdiiel is connected

30 upstream of arconvérterrsh the DAside. Degertingoon thie tyst) obDTssystennaha fcorverter may

be an inverter (RGLAG copuerten) a BSIDE: eenveitensa ghargesegulataloer the like. 35 The controller
is used to adjust the power management if an arc has been detected using sensors. The controller
classifies the arc as a serial or parallel arc using the detected power change in the arc and on the
basis of the adjuUstméRt.direfisR of theSoweY Phdnsfement. PRRRAreR cldRifiba Asedsifal arc, the
controller isolatesthie cenverter oo thesDE sitie apd,dt thecareds classjfiad-as aiparadlefarcy the 5

controller short-girquits fhe copverter.on the, RC,side, In orger o safely swiigh the gystem, an isolating

switch connected in series upstream of the converter and a short-circuiting Switch connected in parallel
10 with the conveitet &7 sGitabiy Brovided “iRich<wWifches bre B6ATatiEd t6°4 BBntréidutput of the
controller1lin thekcasenof a seriakare, thexcentrolfer contrpds-tirelisokating switch inteisiopen position,

whil_e_, in the casgRia-parallghare, @@e%@f@ysr Le CQ@%@'§EQ@ SQQ%TQVE%UQ”@)@W%M@%@S closed
position. The power mar%agremaené or the opekrleglrnegfp0|gt Gan be aidéu%tga; in Pgrtlcular in the case of an

inverter, by chaﬁ&ﬂﬁ?ﬁ‘e cljmpea%mcéerUZ?OtAnt exempPa]?y embodifhient of the Snvention %réjx%?ained in

more detail belowusing ardraning? n WhHichnBigl 4schbmaticallysAdwsa plotbesitdicsysiein having a
number of photevoltaicwgdulesr inverter is disconnected from the DC

15 generator as a result of such an isolating circuit in
the case of a parallel arc, only the arc remains as the
load, with the result that the entire remaining direct
current flows via the arc and accordingly strengthens
the latter, rather than extinguishing it.

20
Therefore, the inverter or the load should be short-
circuited on the DC side in the case of a parallel arc.
Since, as 1is known, the majority of possible arcs can
now be classified as serial arcs, on the one hand, and

25 parallel arcs, on the other hand, a detected arc should
first of all be identified as a serial or parallel arc,
which would only be possible with extreme difficulty
using sensors or else only with a considerable outlay
on sensors.

30
On the basis of this knowledge, the invention is now
based on the consideration that the power behavior of
an arc occurring in such a system can first of all be
detected in a simple manner using sensors independently

35 of the arc type (serial or parallel), while it is then
possible to identify the arc type independently of the
sensor by means of a controlled intervention in the

power management. This 1is Dbecause if the operating



25 connected in strings and having a sensor on the DC side and having an inverter with a controller
on the DC side for power management, and Fig. 2 shows an I/U and P/U characteristic curve of 30

the controller for power management, which characteristic curve can be adjusted on an arc-specific
basis. Fig. 1 schematically shows a photovoltaic system 1 35 having a number of photovoltaic modules
2 which can be provided with bypass diodes and are connected to form a plurality of strings S. The
strings S, are connected to a common inverter 3 which converts the direct current produced by the
photovoltaic mogdylesi2 intg gliternating, current.and feeds the latter inte a-(public) glectueity;grid 4. On
the DC side, an farc sensor. 7 is connected, via a supply line 5, between the 5 photovoltaic modules 2,
which form the pﬁjo%iil&?a(‘{é geHeratdts ajn%lafrg%oﬁ]ﬁgc?g& i]ho§leri8‘§]%r pardllel aRd #d"Rverter 3. The
arc sensor 7 is comiested on the cigputidide, va assignallinead;do accontrdiier 9fed pewer
management (MRRE}which is assigned todhg 10-invertes Srinthe exgnaplary embodigsnt- The
controller 95is C?nnanr?é:t%qﬁ orpttheooutptulz1 side véq: a filrst cont(r)ollrllige 110S toa%migg]caéigg siwitctg1 11 which is
connected in series into the suppfy line 5. T?"l% contfroﬂgr dfis connected, via a second control line 12,
to a short- 15 cifctftiRF SWitchar3 whick is'cohfgErd irfto theReBBIY lifE Bin paraflefwiththe inverter 3
on the DC side.#harrarcicccuesuigsitletthe paptovekiaic systemtk dhe @raisideiected byitke sensor 7
and a correspor‘édi?ggg sepsorsignalis t@gsggtiq%&@ei%%&q_ugag via the sensor line 8. The
sensor 7 may be a sensor for detecting, in particular, steep-edged current changes, as is known from
WO 2005/098458 Al. Such detected fast current changes can be evaluated inside the sensor 7 or 25
else using.the c@htolléd® miccording toothe arethed kreowa fromDECEX 20020132712 Alhkrorder to

detect an arc, it §$,pRgsible, o alsn,use evalyation,of she (apalog)-senseysignalpn dhe basis
for example, in the current path on the DC side or for
controlling a short-circuiting switch for the load or

for the inverter or converter on the DC side into its

15 closed position. With appropriately designed inverters

or converters, these short-circuiting switch and

isolating switch functions can also be integrated in

the inverter or —converter function by means of

corresponding electronic circuit measures.

20
With regard to the device, the object is achieved,
according to the invention, by the features of claim 6.
The subclaims which refer back to the latter relate to
advantageous refinements.

25

In this respect, the device comprises a controller for
power management or for adjusting or setting the
operating point of the system. At least one arc sensor
which is connected to the controller 1s connected
30 upstream of a converter on the DC side. Depending on
the type of DC system, the converter may be an inverter
(DC/AC converter), a DC/DC converter, a charge

regulator or the like.

35 The controller 1is used to adjust the power management
if an arc has been detected wusing sensors. The
controller classifies the arc as a serial or parallel

arc using the detected power change in the arc and on



30 of a particular pulse density of instances in which a 1-bit comparator exceeds a threshold value as
a result of an arc, in which case a particular pulse density - that is to say a particular number of pulses
per unit time - is defined, from which an arc detected using 35 signaling can be assumed. The concept
which is already inventive per se involves subjecting an (analog) sensor signal to density evaluation of
the digital pulses which can be generated as a result af arcs and producing these in a manner which is
favorable in terms of computation time and storage space using a 1-bit comparator instead of

complicated pattg(n reggg@igond@eagﬁénda@%gﬁgjggig ar[gtlrpgggsi.&Thgﬁorg;gglergoc‘;}@sifies the
arc and, dependin% on the arc tyg%, ehnjerates a contr%gasign,a for%solatin the supply line 5. For this
i )

purpose, the coRfOifr g 5rovides via He ntrofiihe 10 2 corrésponding 16 %i@h‘aﬁfo%ﬁéning the
isolating switch theAltepnativelyl ahe dotvidoiier 9 géheratesaventitrs! signal Bt isSupplietkto the
short-circuiting switch 13rvia the controliline d 2and cantrolsssaidiswitchdntothe glosed pasition 13.
Consequently, the inverter 15 3 js either isolated from the photovpltaic generatoy. hy opening the
isolating svT/;Iitch _C[?fnotrre?s&? iesrshsé}rlt?(]gilrtc_u(ftle]aCb%/l(‘:éljéc’s?rc:g?hec gﬂgﬁilr%ﬁiticr%& si\—('/avkllt%hﬁl . %etype of safe
switching depends on whether the arc has been classified as a serial arc or as a parallel 20arc. The
arcs indicated inmkig.draerd designated aith thewapital letters A o Deare sernial ares,whilenthe arcs

designated with &, apd - are parallelares. £ serial ate 23.a60prs, for exanple, ingife 2,5tdng S, (A), in

a photovoltaic module 2 (B), at a string connection (C) or on a collecting line (D) to the_inverter 3. A
parallel arc mayPS¢turwitt? Fé¥pecttd 61 bit Rbre THOAGIBs FE) T ThESnverter BT Hwever, an arc

10 with the converter are suitably provided, which
switches are connected to a control output of the
controller. In the case of a serial arc, the controller
controls the isolating switch into its open position,
while, in the case of a parallel arc, the controller

15 controls the short-circuiting switch into its closed
position. The power management or the operating point
can be adjusted, in particular in the <case of an

inverter, by changing the impedance.

20 An exemplary embodiment of the invention 1is explained

in more detail below using a drawing, in which:

Fig. 1 schematically shows a photovoltaic system
having a number of photovoltaic modules
25 connected in strings and having a sensor on the
DC side and having an inverter with a
controller on the DC side for power management,

and
Fig. 2 shows an I/U and P/U characteristic curve of
30 the controller for power management, which
characteristic curve can be adjusted on an arc-

specific basis.

Fig. 1 schematically shows a photovoltaic system 1
35 having a number of photovoltaic modules 2 which can be
provided with bypass diodes and are connected to form a
plurality of strings S,. The strings S, are connected to

a common inverter 3 which converts the direct current



30 (not illustrated here) may furthermore occur between two strings S, with a considerably lower
degree of probability. Arc sensors coupled serially in the strings S, or in the 35 collecting line outside
or inside the inverter 3 can also generally not distinguish between serial and parallel arcs using
complicated high-frequency sensors. Even with the inclusion of highly sensitive low- frequency current
sensors, it is not possible to reliably classify the arc-onyaccount of source current and source voltage
fluctuations caused by cloud cover since considerable reverse currents from the 5 conventionally

provided capaci dH&'&%HWVB?eEﬁé?aB}Q?tW‘{%Q@ thefare £ase Fif?i&xém%ﬁ%fi%&rc ignition.
In the arc case E, onlg small current r(g)g can agdltlor\w/]gllg be ascertained in strln%? with a large
3 1l

number of modUigs 2 ¢bnnectd ¢ in s&f&S 510 AltBative’sdiitepts t8qGire alarg &Y bf voltage
sensors, to be precisé rin pringipls; oh eachGnoddle 2Rihdsorfithe iAverter 3, adichPsensoissmust be
evaluated in a ceniplisatesananner in a cgntrakupit 1451f, in caatrast; a seriad afe A to D)ris identified,
said arc is extinguished by opening the isolating switch 11 or a string,isolator, which is possibly
provided. I§ cor%r%%%%ﬁe%ta lp%ra?f\e Ogl?cf I§ F)is idvé%]ﬁﬁiid, the arc a 1'%t’r(?e ir%h%%?Yﬁé %il/é(r:ter 3 can 20
be extinguishedIR/Meahs bf & cohtrdllett ShoftTeaif Watichlis caRet sy cfisinghe Shdtt-circuiting
switch 13. In orderdo tlassifynar are-detected using the sensos257, the controler@ds used to

influence the poyyes management ot theinyetter,3 gy of the photgvoliaic generatar i tajgeted

manner. In this respect, Fig. 2 shows, in the (upper) I/U characteristic curve 1(U), the typical

current/voltage pRSfileRS e pRABVSIRIE 6 gehtrator 6" FRElowér) BAF cHAR tefiStic Cifve P(U)
shows thel powerprefilesf the photovoitaiexgeneiatoy 6,cvbich results. actoedingtocthelrétationship P=l

x U, on the basis of the-BErwoliage U produced o33 s pessible tgsseethatithepaws(R gutput by the
photovoltaic gerle,rator ? d’s rets§ectir\1/elklszoe o éli =0) botr% gﬁriq%id"%gbg}?’ in which the gcer(ljerator

. ne. a 1] S CQNN&C . .
voltage Uisata rlnaX|mun’1 and the generator cur?en%vﬁs equal 1o Y zerlo, an8 in ?he ghort-cwcun

case |k in whichithe gererstorivoltage Ueis egualts zéidandthe Shortewehit celtrent IR flows. The
power Pmax outpit hy dhe photovaltaic generatar Greaches amaxdmum,atgo a short-

15 circuiting switch 13 which is connected into the supply

line 5 in parallel with the inverter 3 on the DC side.

If an arc occurs inside the photovoltaic system 1, the
arc 1s detected by the sensor 7 and a corresponding

20 sensor signal 1is transmitted to the controller 9 via
the sensor 1line 8. The sensor 7 may be a sensor for
detecting, in particular, steep-edged current changes,
as 1is known from WO 2005/098458 Al. Such detected fast
current changes can be evaluated inside the sensor 7 or

25 else using the controller 9 according to the method
known from DE 10 2007 013 712 Al.

In order to detect an arc, it is possible to also use
evaluation of the (analog) sensor signal on the basis
30 of a particular pulse density of instances in which a
1-bit comparator exceeds a threshold value as a result
of an arc, in which case a particular pulse density -
that is to say a particular number of pulses per unit
time - 1is defined, from which an arc detected using
35 signaling can be assumed. The concept which is already
inventive per se involves subjecting an (analog) sensor
signal to density evaluation of the digital pulses

which can be generated as a result of arcs and



5 particular point which is denoted MPP (maximum power point). The controller 9 for power
management, which is also referred to as maximum power point tracking (MPPT), adjusts the power
management and thus the operating point as exactly as possible by means of 10 appropriate control or
regulation, with the result that a connected load, the inverter 3 in the present case, always operates at
this operating point MPP and thus at maximum powerdmax 15 The arc detected using sensors is
classified as a serial or parallel arc by means of the controller 9 by adjusting or detuning the power

management_arisir_%@é%gpﬁ?é@& milntélv_l RE&(&@%P_%@ Ras ti%‘é!%ﬁ%%’”%’ﬁ amaunt APu, APa
in the idling dlrecrt#on Uo or In the 20 short-circuiting direction Ik. This adjustment may b% effected, for

example, by chahging B hp&dahce 'of fife ifVeters Tt e dirdBidiT of Met88sed or'reduted
impedance. 25 Wiatierathe powearsnandgenient MRE. iscfiysedf alt adjusted in ¢l iling diection Uo or

in the short- cirgpitingsdirectiondk-thisi ean b effegteds witbra sufficiently sensitive sensor system,
according toa degree of probability for a serial or parallel arc 30 which can already be determined
using the data from the sensor 7. In this case, the power management is adjusted in the idling
direction Uo in dtfgeted hfahhk? fforexahiié it tifeScasBof aserialidte whfthEE Prédetéfnined with
a relatively hightdegreae-af 35/propabititye Astaeesalt, copowern dropgndhe drers expectednk such a

power Qrop in th_cen%rc OGES, a serjal arc isErggab%iggntH{gpp Qgggr\/\@srge if 0o power,change or even a
powemnmeaseg}ggyﬁggf via the control 1line 10, a corresponding
10 signal for opening the isolating switch 11.
Alternatively, the controller 9 generates a control
signal that is supplied to the short-circuiting switch
13 wvia the control 1line 12 and controls said switch
into the closed position 13. Consequently, the inverter
15 3 is either isolated from the photovoltaic generator by
opening the isolating switch 11 or else 1is short-
circuited by closing the short-circuiting switch 13.
The type of safe switching depends on whether the arc
has been classified as a serial arc or as a parallel

20 arc.

The arcs indicated in Fig. 1 and designated with the
capital letters A to D are serial arcs, while the arcs
designated with E and F are parallel arcs. A serial arc
25 occurs, for example, inside a string S, (A), in a
photovoltaic module 2 (B), at a string connection (C)
or on a collecting 1line (D) to the inverter 3. A
parallel arc may occur with respect to one or more
modules 2 (E) or the inverter 3 (F). However, an arc
30 (not 1illustrated here) may furthermore occur between
two strings S, with a considerably lower degree of

probability.

Arc sensors coupled serially in the strings S, or in the
35 collecting line outside or inside the inverter 3 can
also generally not distinguish between serial and
parallel arcs using complicated high-fregquency sensors.

Even with the inclusion of highly sensitive low-



sensed, the power management is reset by the adjustment amount APoo. The power management
MPP is then adjusted by the adjustment amount API], in the short-circuiting direction 1k If a power
drop in the arc is then 5 detected, a parallel arc is reliably identified and the corresponding safe
switching of the system 1 is initiated by virtue of the controller 9 causing the short-circuiting switch 13
to be closed. 10If, in contrast, a parallel arc can be clagsified with a relatively high degree of probability
from the sensor signal from the sensor 7, the controller first of all causes the power management MPP

to be adjusted by, the.adjusiment,amoypt AR Linthe short:Circuiting direction, 13 {k,1lp this case, the
power management s ?'usted in the short-circuiting direction Ik in a targeted manner, for example in
the case of & par SHel B WHICHAS Bradetariingd St rARRVER higH degtb of pObRbY: As a
result, a power dwp irsthecare is720 bgdin ekpectedatf seich apowerdrdpyin tHeoart oceurs; a parallel

arc is reliably identified. Otheywise; dngpewer changeLf evepapewerdncreasein the are is sensed,

the power mana emenrgtlslg%s%%the ad]lug(targerét amount API(EDf Tthkeléjolmﬁe‘;erg%réa egnentnMPP is then

adjusted 25 by t %na{]d?ustmen , unt APoo in théilpdﬁﬁétd?r%ctmn Uo. If a power drop in the arc is
then detected, &SeriParEiseliably ifBAtiffBandafié correspondiptEard SwitcHing of theSsystem 1 is
initiated by virtue @i the cantratler @ kausing thedselating switch 1dnie130 hesepenad. Arcgsresponding

increase or redyction %@gg@ggg%ge qjéheaigggq_I%ra:i§@C§tingr;‘roglcl;_h§n%tgregtn operating_point of the

inverter 3 in each case is also similarto 35 such adjustment of the power management in the idling or

short-circuiting difécion. P¥8RGFa sétfuenBE OFARS which BIRRT6 4 88mparatively Sh6E time occur
instead ofldrcs whichinan forea comparatively ¢dongi time afoll exaraplewmoaccoant ofailbiragens, the

power analysis Qeguenching check cana-he expanded;to the seguenses of arcsyiythisrespect, a

check is carried oug1 in order to determine wtgether o,ncl)élow-gower arcs occur with thle carresponding
. a? on the 1nvyerter o Whi se.Fors must  be eve uiaﬁ ;
power adjustments or impedance changes or ‘whether re-ignition of arcs is prevented. a plurality

of arc sensors af& used GABLinthe SHiIME S ear él5e in BrNStriAgs S ahd in the collecting line in a
relatively large system 1 and an arc which occurs can also be reliably assigned to a 15 string S,, a

string |sol%qr W?Ifb is OS&ID['%! g%sg,nt %anS%I§o a?f ogg(r:led( gws%egdﬂf th{eslsglgté@l% f%\%ultgla ,11 when a
serial arc is identified. If, however, it is not pos,s%b e to clearly determine a string or if the arc is detected
in the main line 8 $ppl§Tifie 5 the Aidthoguished by opening the ‘isolating

switch 11 or a string isolator which 1is ©possibly
provided. In contrast, when a parallel arc (E, F) is
identified, the arc at the input of the inverter 3 can

20 be extinguished by means of a controlled short circuit
which is caused by closing the short-circuiting switch
13.

In order to classify an arc detected using the sensor
25 7, the controller 9 1is wused to influence the power
management of the inverter 3 or of the photovoltaic
generator 6 in a targeted manner. In this respect, Fig.
2 shows, in the (upper) I/U characteristic curve I(U),
the typical current/voltage profile of the photovoltaic
30 generator 6. The (lower) P/U characteristic curve P (U)
shows the power profile of the photovoltaic generator
6, which results according to the relationship P=I x U,

on the basis of the DC voltage U produced.

35 It is possible to see that the power P output by the
photovoltaic generator 6 1s respectively zero (P = 0)
both during idling Uy, in which the generator voltage U

is at a maximum and the generator current I is equal to



20 according to the invention is carried out, that is to say the power management is adjusted in the
idling direction U0 and/or in the short-circuiting direction 25 The system 1 may generally be a DC
voltage system having a DC generator for relatively high DC voltages (approximately 1000 V), which
DC generator consists of a number of individual DC producers for example. A converter (DC-DC
converter, AC-DC converter, charge 30 regulator or the like) with impedance regulation/control and
power management then generally forms the inverter 3. - 13 - List of 1 2 3 reference symbols

DC/photovoltaicgystem Module Inverter/copverter4 ;Rublic gud 5 Sepply in€hich the
generator voltage U is equal to zero and the short-
circuit current Iy flows. The power Pp.x output by the
photovoltaic generator 6 reaches a maximum at a

5 particular point which is denoted MPP (maximum power
point). The controller 9 for power management, which is
also referred to as maximum power point tracking
(MPPT), adjusts the power management and thus the
operating point as exactly as possible by means of

10 appropriate control or regulation, with the result that
a connected load, the inverter 3 in the present case,
always operates at this operating point MPP and thus at

maximum power Ppax.

15 The arc detected using sensors 1is classified as a
serial or parallel arc by means of the controller 9 by
adjusting or detuning the power management and thus the
operating point MPP or Pp.x by a particular adjustment
amount APy,, APrx in the idling direction Uy or in the

20 short-circuiting direction Iy. This adjustment may be
effected, for example, by changing the impedance of the
inverter 3 in the direction of increased or reduced

impedance.

25 Whether the power management MPP is first of all
adjusted in the idling direction U, or in the short-
circuiting direction Ix, this can be effected, with a
sufficiently sensitive sensor system, according to a
degree of probability for a serial or parallel arc

30 which can already be determined using the data from the
sensor 7. In this case, the power management 1is
adjusted in the idling direction Uy 1in a targeted
manner, for example in the case of a serial arc which
is predetermined with a relatively high degree of

35 probability. As a result, a power drop in the arc is
expected. If such a power drop in the arc occurs, a
serial arc is reliably identified. Otherwise, 1f no

power change or even a power increase in the arc is
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sensed, the power management is reset by the adjustment
amount APyp. The power management MPP is then adjusted
by the adjustment amount APy in the short-circuiting
direction Ix. If a power drop in the arc 1s then
detected, a parallel arc is reliably identified and the
corresponding safe switching of the system 1 is
initiated by wvirtue of the controller 9 causing the

short-circuiting switch 13 to be closed.

If, in contrast, a parallel arc can be classified with
a relatively high degree of probability from the sensor
signal from the sensor 7, the controller first of all
causes the power management MPP to be adjusted by the
adjustment amount APrx in the short-circuiting direction
Ix. In this case, the power management is adjusted in
the short-circuiting direction Iy in a targeted manner,
for example in the case of a parallel arc which is
predetermined with a relatively high degree of
probability. As a result, a power drop 1in the arc is
again expected. If such a power drop in the arc occurs,
a parallel arc is reliably identified. Otherwise, if no
power change or even a power increase in the arc is
sensed, the power management is reset by the adjustment
amount APrx. The power management MPP is then adjusted
by the adjustment amount APyy in the idling direction
Ug. If a power drop 1in the arc 1s then detected, a
serial arc i1s reliably identified and the corresponding
safe switching of the system 1 is initiated by wvirtue
of the controller 9 causing the isolating switch 11 to

be opened.

A corresponding increase or reduction in the impedance
of the inverter 3 starting from the current operating
point of the inverter 3 in each case is also similar to
such adjustment of the power management in the idling

or short-circuiting direction.
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If a sequence of arcs which burn for a comparatively
short time occur instead of arcs which burn for a
comparatively long time, for example on account of
vibrations, the power analysis or quenching check can
5 be expanded to the sequences of arcs. In this respect,
a check is carried out in order to determine whether
only low-power arcs occur with the corresponding power
adjustments or impedance changes or whether re-ignition
of arcs is prevented.
10
If a plurality of arc sensors are used only 1in the
strings S, or else in the strings S, and in the
collecting line in a relatively large system 1 and an
arc which occurs can also be reliably assigned to a
15 string S,, a string isolator which is possibly present
can also be opened instead of the isolating switch 11
when a serial arc is identified. If, however, it is not
possible to clearly determine a string or if the arc is
detected in the main line or supply line 5, the method
20 according to the invention is carried out, that is to
say the power management is adjusted in the idling
direction Up and/or in the short-circuiting direction

Ig.

25 The system 1 may generally be a DC voltage system
having a DC generator for relatively high DC voltages
(approximately 1000 V), which DC generator consists of
a number of individual DC producers for example. A
converter (DC-DC converter, AC-DC converter, charge

30 regulator or the like) with impedance
regulation/control and power management then generally

forms the inverter 3.



F Parallel arc S, String - 14 - Claims 1. A method for safely switching a DC voltage system 5 (1), in
particular a photovoltaic system, in the event of an arc occurring on the DC side, in which the direct
current generated and the DC voltage produced are adjusted with respect to power management,
10characterized in that, in the event of an arc detected using sensors, the power management (MPP)
is adjusted and a power change in the arc is detectedza-serial or a parallel arc being identified in 15
the event of a power drop in the arc on the basis of the adjustment direction (APu, APIk) of the power
management (MRR); and i dratadirectsprient mterruption is produced in the case of a serial arc and
a 20short-circuit current is produced in the case of a parallel arc.
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2. The method as claimed in claim 1, characterized 25in that the power management (MPP) is
adjusted in the idling direction (U0O) by an adjustment amount (APuo) and a power change in the arc is
detected, a serial arc being identified in the event of a power drop in the arc, and the power
management 30 (MPP) being reset by the adjustment amount (APuo) in the event of no power
change or a power increase in the arc. 3. The method4as-claimed in claim 2, 35characterized in that
the arc is classified as a parallel arc in the event of no power change or a power increase in the arc. -
15 - 4. The method as claimed in claim 1, characterized in that the power management (MPP) is
adjusted in 5 the short-circuiting direction (1),) by an aldljnléstment amount (APa) and a power change in
the arc is detected, a parallel arc being identified in the event of a power drop in the arc, and the power
management (MPP) being reset by the 10adjustment amount (APa) in the event of no power change
or a power increase inzhenatcth &4 Thie metlhatas clavmed ini elaina 4 dchavacterzed Ein that the arc is

Cmsgﬁeda§ase”a“mpﬂ9, in particular a photovoltaic system, in the
event of an arc occurring on the DC side, in which
the direct current generated and the DC voltage
produced are adjusted with —respect to power
management,

10 characterized
- 1in that, in the event of an arc detected using
sensors, the power management (MPP) is adjusted
and a power change in the arc 1is detected, a
serial or a parallel arc being identified in
15 the event of a power drop in the arc on the
basis of the adjustment direction (APy,, AP1x) of
the power management (MPP), and
- in that a direct current interruption 1is
produced 1in the case of a serial arc and a
20 short-circuit current 1is produced in the case

of a parallel arc.

2. The method as claimed in claim 1,
characterized
25 in that the power management (MPP) is adjusted in

the idling direction (Up) by an adjustment amount
(APyo) and a power change in the arc is detected, a
serial arc being identified in the event of a
power drop 1in the arc, and the power management
30 (MPP) being reset by the adjustment amount (APyo)
in the event of no power change or a power

increase in the arc.

3. The method as claimed in claim 2,
35 characterized
in that the arc is classified as a parallel arc in
the event of no power change or a power increase

in the arc.



the event of no power change or a power increase in the arc. 6. A device for safely switching a DC
voltage system 20(1),having a converter( 3 )and having a controller (MPPT) for power management
(MPP), an arc sensor (7) which is connected to the controller (9) being connected upstream of the
converter (3) on the DC side, 25- the power management (MPP) being adjusted using the controller
(9) in the event of an arc detected using sensors, theicontroller (9) classifying the arc using a detected
power change in the arc and on the 30basis of the adjustment direction (APu, APa) of the power
management (MPP), and the controller (9) isolating the converter (3) on the DC side if the arc is
classified as a sgrial arc and short-circuiting the converter 35(3) on the DC side if the arc is classified
as a parallel arc. - 16 -Tl?.eTnga%\(?l e cqgiﬁ%érbefﬁ d&imcé,a racterized in that the controller (9) is
connected, on the output side, to an isolatingBwitchc(14) taanected

in that the power management (MPP) is adjusted in
5 the short-circuiting direction (Iyx) by an
adjustment amount (APrx) and a power change in the
arc 1is detected, a parallel arc being identified
in the event of a power drop in the arc, and the
power management (MPP) being reset by the
10 adjustment amount (AP1x) in the event of no power

change or a power increase in the arc.

5. The method as claimed in claim 4,
characterized
15 in that the arc 1s classified as a serial arc in

the event of no power change or a power increase

in the arc.

6. A device for safely switching a DC voltage system

20 (1), having a converter (3) and having a

controller (MPPT) for power management (MPP),

— an arc sensor (7) which 1s connected to the
controller (9) being connected upstream of the
converter (3) on the DC side,

25 - the power management (MPP) being adjusted using
the controller (9) 1in the event of an arc
detected using sensors,

- the controller (9) classifying the arc using a
detected power change in the arc and on the

30 basis of the adjustment direction (APy., AP1x) of
the power management (MPP), and

- the controller (9) isolating the converter (3)
on the DC side if the arc is classified as a
serial arc and short-circuiting the converter

35 (3) on the DC side if the arc is classified as

a parallel arc.



5 in series upstream of the converter (3) and to a short-circuiting switch (13) connected in parallel with
the converter (3), the controller (9) controlling the isolating switch (11) into its open position in the case
of a serial arc and 10controlling the short-circuiting switch (13) into its closed position in the case of a
parallel arc. 8. The device as claimed in claim 6 or 7, characterized 15in that the impedance of the
converter (3) is changed in order to adjust the power management (MPPT). 9. The device as claimed
in one of claims 1 to 8, 20characterized in that the converter (3) is an inverter, a DC-DC converter or a

charge regulator; 19, A phafoyeltaic systeny,{dg having;a devige as 25claimed in one of claims 6 to
9.

characterized
in that the controller (9) 1s connected, on the
output side, to an isolating switch (11) connected
5 in series upstream of the converter (3) and to a
short-circuiting switch (13) connected in parallel
with the converter (3), the controller (9)
controlling the isolating switch (11) into its
open position in the case of a serial arc and
10 controlling the short-circuiting switch (13) into

its closed position in the case of a parallel arc.

8. The device as claimed in claim 6 or 7,
characterized
15 in that the impedance of the converter (3) 1is

changed in order to adjust the power management
(MPPT) .

9. The device as claimed in one of claims 1 to 8,
20 characterized
in that the converter (3) 1s an inverter, a DC-DC

converter or a charge regulator.

10. A photovoltaic system (1) having a device as

25 claimed in one of claims 6 to 9.



