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PHOTOVOLTAIC MODULE
The invention relates to & photovelale module socording to the preambie to Claim 1.

Phatovaliale modules comprise at lesast oue solar tell and » connection box, whers the
connection box comprises the voltage outputs of the photovelinic module, Usually the
photrvoliaie module comprises 8 fargs sumber of solar calle that are connected in series andfor
un paraliel to forre what &5 knows as a string, where the two ends of the string are brought to the
conngetion box. In the kvown solar installations, several photovoltaic modules can then be

sonvgcted t form one or more svings.

In the svent of an apartment or house five, the fire servics must sasure that clectricity and
voltage are disconneoted from theld place of the deployment, so that, for example, ne injuries
fromy eleotvic shock or froow sparks resalt when extinguishing agents are used, Docunent US

6315215 B and docament US 2001/023703 A degoribe photovoltaic modules.

DE 14 2005 018 173 Al discloses & method for securely butervupting the operstion of &
photoveltaie instalfation with 3 safety device that &8 connected to the terminals of S solay
istallation and vomprises a bypass © shuwt-cirenit the photoveltaie installation. This bypass
can be manually or automatically wriggered. Depending on the dhmensions of the photovoltaie

instatiation, high currents can flow fo the consuming wnlls of t¢ the bypass, and these must be
managed in the event of the safely device belng trigaered. The safety device must thersfors have
sorrespondingly  lmge Jdimensions. The «ircult s eontirely construsted of electronic

semmiconductor components, The installation is therefore nol galvanically isolated from the
consuming units. The amtomatic riggering is hitiated here by o contro] Hue via which the safety
device s connecied to » remately atvanged trigger device, with the effect that if the control re

is defective, the installation is not isolated.

An emergency switeh-off for sular electrical installations I knows from DR 20 2007 602 §77
Y, wherein switch-off commands are fransmitted vig & control Hne cunoented from 8 maing
terminal t 8 gwitching box when a disconpestion of the network i detected. Herve aguin the

problem is that no disconnention ovcurs if the contol fine is fauity,

A safety switching instaliation for @ photovelaic instaliation is knows from DE 10 2808 022
SR Al whersin U photovoltale installxtion cousists of ot loast ong photovsitaic element, twa
terminals cach for o feed line to a convuming unit, with 8 bypass that iy arranged between the
twe terminale sod prier to the at least one switching oechanism, and at loast one switehing
mechanism for closing contact points, wheveln st Jesst one further switeld ing mechanism for
opening contact poids iy arvanged in each of the two feed lnes, whereln the at least wne
switching mechanism in the bypsss and the further switching mechanisms located in sech foed
line of the photovoltaic installation are configired in snch 3 way and opsrable jointly by @
coupling that when the safety switching installation is actaated, the contact points of the @t lesst

ene switching mechanism in each of the two feed lines are opened, after which, after a e
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delay, the contact points of the at loast ene switching mechanism that is located in the bypass
are olpvaed. The sctuation of the switching mechaniss hors oocurs wechanionily by 2 manual
unit, or under remote control by a trip unil that fs formed for exaraple of an endse-voltage trip

connevied glectrically to the domestic noiwink,

A gensric photovoliaie nodule Iy koown from DE 1D 2008 083 273 A, wherein 2 funciion
module cireait board is arranged o s comnmection box of photovoliaic module, sn which ¢ large
sumber of functivn-wmonitoring modules are arranged. Such 3 forction monitoring module is g
power module with which the cwvent snd voltags of the aescclated photoveltaie modale s
monitored, in order to obtain evidence relating to the function of the phudovaliaic modude.
Monitoring the power bere serves docuwmentation and installation design purposes. The
phatovoltate medules moreaver sre connested to a wired interfase or to a wirsless fnterfucs for
sommanication with 8 server, I is furthermors provided that, eperating frons the centrs} server,

cach individual photovolisic medale of a stving can very easily b disconnentad in that a switch-

23

SF mdule s present, controlled by the microprocessor that is arranged on a function maduls.
in the event of five ¥ {8 therefore necesnary for cach individual photoveitaic modide to be
switched off by means of an sppropriate switsh-oiT signal sent fron the server, since the switehs
«ff comamand converned fs trangnditied by wires or by radio iranevigsion t¢ each individual

photoveliaie sdale.

The invention addresses the techaicad problem of eresting a photoveltaic modale which, with ¢
simple construction, ensures safe swilching off in the case of 2 nwdele that iy not fitted ar

connected, or in the event of 2 fault,

The technical problem is solved by the chjecis having the feutvres of Claim 1. Further

advaniageous developmenty of the invention emerge from the subsidisey clatis,

For this purpese the photovoltaie module comprises at losst one solar eoll and 2 sonnection bax,
wherein the connection box has the voltage suipuis of the photoveligic sodale, whersin an
evaiuation and contrel ondt is sreanged In or on the connestion box, said evaluation snd control
unit detecting a voltage andfor a current of the photovoliaic module, wherein the photavoltaie
module is assigned at Jeast one ewitohing slement which is dvivable by the svaluation and
cantrel unky, whereln the photovoltaic module can be switched off by means of the switching
elemend, whersin the evaluation and contrel wnit is designed in sush & way that a fault state i
detectable on the busis of the detected voltage andior the detected current, and the switching
cloment i directly deivable by the evaluation and control unit oo the hasls of the detected fault
state in order to switch off or short-circult &t feast sz of the voltage outputs of the photoveltais
module of of the assembly. As a result, both the detection and the switching off of the voltage
ocsur focally at the photovoltsic module fself, so that no conwnmivation with a osntral control
wiit or other central device s necessary for this purpose. Reliabilily is incrsased through this

abasence of the communication path. It should be noted here that the fndt state alss includes
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states in-whichk the photovoltaie module Is aot fited & I8 not connetted, such as, for exampie,
during transport of assembly. The photoveltaic module switches ttaclf off automatically in these
sitnations o, Switching off the photovoltsic module can hers be achieved through switching
i1 or disconnecting the voltage ouiputs, or by short-cironiting the voltage outputs, Reliahle
sontast protection iy provided in sither case. Dug to the faot that e photoveltaic moduls
safeguards iself autorsmouddy, the photovelisic modide aceording to the nvention can be
installed flexibly with a varisty of very ditfercnt converters, Through evsluating the voltage
and/or current it 15 bers very éagy to detect whether  connested converter i ywitched off on the
DO or AC xide, or whether @ short circuit bas vcourred between the photovoltaie modulelsy of
the converter, or whetber the photovoltalc modide is fostslled st all The evaluation snd control
uniy van hiere be integrated inte the connsction box, or can be arranged with it s an assembly,
b that # fe aled very sasily possibie to retrofit sxisting wodules, Tn this case the voltage outputs
of the photovoliaic module are brought to the assembly, and ity voltage output or vebage
putpats ave switched off or short-ciroudted v the event of a fanlt. In both cases, however, the
pocurrenes of the fault s deteeted locally at the photovoliale medele, and the voltage i
switched off autonomowsly without 2 central control unit or central device. 1t should bhe notsd
here that the evalustion preferably includes G voltags sad the current of the photovelisic
module. Preferably again, the assombly alen comprises at lesst one switching element in

addition to the evaluation and conire! unit

in a further embodiment, the evaluation sud control ush detects and evaluates the magnitude
andfor formy of the veltage anVor of the carrent. A working point of the phutovaliaic modale
can thus for exwmple be determined on the basis of the magnitade. If, for sxample, the working
pobst fs fourd to by i wooload o bu shortegirouit, & can be cobelided that theve Ie & Sl ¥t can
be concluded from the form, preferably the ripple, whether & converter is connected or not,

sinoe s switching results in g ripple in the current sod voltags

By means of the test device of Qlafm 1, it §s possible 1o check, when switehed off, whether the
photoveltale module is connested to & vonverter andior whether any fault s still present or has
been veciified, wherein the ouiput voltage can be switched on when the connection of &
convester or the rectifiostion of u fasll §s detected. The photovoliaic module can thus not just
switch itsctf off, but can also switch Helf back on. 1t should be noted heve that the tost devies is
preferably alen an eloment of the asserbly. 1 should also be further noted that the test devics

can be entively or partially integrated into the evaluation and control wnit.

In & further embodiment, a test signal, changing in time, van be injected by means of the test
geeipe, ’i‘his perndits hetter assessment in urder, for example, to extablish whether s converter
that was switched off but whese input cspacitances however are already charged has egain been
switched on, a case which miay not be detectable in alf cases 1f, for example, a static test voltage

18 uyed.
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fn a further ambadiment; & powsr sapply 1o the evalugtion and conteed wndt andfor test devices is
provided by the photovoltaiv module. Separate energy storss or voltage supply units can thus be
dispeniaed with. There 45 agein no safety penalty here since, if the photavoliale module s not
gensvating voltage, the voltage outputs alss do not have te be switched off, & DO/DC conventer,
ey & voltsge Himiter, may be wed 1o reduce the voltage of the photovoltale module to o suitable
teved for the sapply voltags.

fn 2 further embodimend, the switching eloment is implemented as a power relay, by means of
which galvanic isolation is enabled.

fn x further embodiment, all the poles of the the photoveltaic module vr the assembly can be

switched off, {.e. both voltage oulputs are switched off or disconnscied.

In a further embodiment, the switching element is open when idle, Lo, when no voltage supply is

available, the voltage output {5 switched off. This further inereasce safety. It can be provided
here that when the photoveltaiv module again generstes voltage, » check is first made by the test
evice to see that o fault Is not present before the voltage ocutput o outputs are enabled. This

measure alse increases safety further. Accardingly, when the photovelaie module s switched

off by & short cirenit of the voltage outputs, the switching shnent i preferably closed when
idle.

It & further embodiment, the evaluation and conirel unit s sesigned a stovags element for the
supply voltage, tn particnlar In order to ensure 8 safe run-on and  switch itself off properly §f
the voltags of the photovoltate module fuils,

I s further embodiment, the photovoltaic module s essigned & signalling sndfor communication
unit by means of which the photovoltaie modale signals ity statug.

The invention is explained In more detall below with reforencs to proforred cxemplary

embodiments. In the figure

Fig. 1§

shows & schematie block diagram of a photovaltaie module with an external assembly,

Fig. 2

shows 8 schenatic block disgram of & photovoliaie module with an integrated svalustion and

conirol unlt in & connscton box of the plotevoltais module,

Fig. 3

schematically shows current and voltage curves when testing the fault-free connection to a

converter, for switching the photovoliaiy modoke on
Fig. 4

schematically shaws current and voltage curves under no-load conditions,
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Fig. §
schomativally shows current and voltage curves In the event of short-sircsit conditions, and
Fig. 6
is 8 sehernatle ilustration of the wpstrsam cannestion of photoveltaic modules with & cumverter,

Pig. 1 illustrates & frst embodinent of the dovention. & photovelisic module 1 is ilustrated
schematioally, comprising theee solar cells 2 on its fromt face V that sre connected v seriss o
form @ string. The eonnections of the sofar cells 2 are browght to a rear face R of the
photovoltaic module 1, where bypass dindes 3 are srranged that frcilitate the Now of current
through the string even when & solar esll 2 faile. Voltage vutpsts 4, § of the photoveltaie
mwrdule 1are brought cut of the rear face R The bypass diodes 1 and the voltage outputs 4, 5
are arranged it 3 connection box 6 that i accessible from the reur face R An assembly 7 is
arranged locally st the photovoltaic modude 1. The assembly 7 comprises two voltage lopuis 8, 9
and wo voltage outputs 10, 11, The seseably 7 furthermore comprisss an evaluation and
control unit 12, & meosaring devies 13, s tost device 14, an intornsl voltage supply 15, 2
switching loment 16 and a dile 17, Oue voltage output 4, § of the photovoltsie moduls 1 is
bere connected to ong voltage fnput §, 9 of the assembly 7. The at vast one switching slement
18 is located botween the voltage fnput § and the voltage outpet 10, and i driven by the
svaluation and sontrol andt 12, The intecnal voltage sapply 18 s connceted lo the voRags fnputs
8, 9, wnd iz thus fed divectly by the phowveltaic module 1. The internal voltage supply 15
supplies the electronic components with vollage, and only thy connestion to the syalaation and
somtrol unit 12 is shown on Fig. 1. The measering deviee 13 deteets voltage and current at the

voltage outpat 18, 11 of the assembiy 7.

An alternative smbodiment i fllustrated in Fig. 2, in which the assembly 7 is integrated into the
sannectipe box 6 of the photovoitaiv module . The voltage outputs 4, § are thus squivalent to
the voliage satputs 10, 11 of the assembly 7. In other respects, we refer fully to the explanations

given in reference to Fig. 1

Belore referving to Figs. 3 to 5 for cxplanation o more detail of the method of opeyation of the
phintoveitaic module ¥ ascording to the invention with internal or external wssembly 7, one psrt

of & solar installation should b briefly expluined i more detall with reference to Fig. 6.

The photoveltaic modele 1 is bere ilustrated with an extersal assefbly 7. The voltage vutpuls
10, 11 of the assembly 7 are connected to a DC isolatur 20, which i comected to a converter
21, At the output of the converter 21 is the vetwork, which can be constituted % a single-phase
or multi-phase altersating cumrent network or as a diveet current notwork, Ons or more
photovelizic medules 1 oor strings of photovoliale modules 1 can be connected o, or alsp

disconnected from, the converter 21 through the DO iselator 28, 1t should be neoted here thas dus
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to the ability accovding lo the invertion of individually switching photoveliais modules 1 off

the D isoldter 2¢ can abyo techrically b omitted,

Figs: 3 to 3 will now be explained dn more detall in conneetion with Fig, 1. Tt i assumed bere
that the phatoveltale module 1 dogs not initially gencrate any voltage, for example because i is
night-tims. dccordingly, the assembly 7 18 mot supplied with voltage, and the switching element
16 i3 open {8 = U}, The voltage at the voliege obtputs 16, 11 is accordingly zeve {Us = 6. Whea
the photovoltaiv mudule 1 again gonerstes voltage, the assembly 7 {s supplied with voltags,
while the switching eloment 16 romaing open at Sest, Al 2 time §; the test device 14 spples a
small test voliage Up ofl for example, 2 ¥ to the voltags oniput 10, The converter referred 1o in
Fig. € here has an input sapacitance. Thus I the DC isolator 20 is closed and the eowverter 21 i3
conmested, the test voltage will charge wp the nput capaciiasce of the converter 31. A large
outpat current Ty, decaying exponentially, accordingly flows at first. The voltage U, thus rises,
and finally s equal to the test voltage. On the basis of the curves of voltage and current,
messwred by the mensuring device 13, the evaluation and control unit 12 can revognize whether
the converter 31 §s connocted o rot cowected. In the flest cuse the switching shent 16 &
closed (83 = 1} at time L, Without 1 ¢ontected sonverter «n the other hand, the switching
clement 16 remaing open, and the voltage ontput is thus syvitched off. Tt can hers be provided
that the test device 14 gensrates a test voliage that changss over time, sv that pre-charged
capacitanges of the converter 21 sre alse detected. When the switching clement 18 B olosed (8

= 1} the test visltage Up iy switched off (U = 83,

Fig. 4 ilusirates a currsnt and voltage curve trough which no-load couditiony are detected. The
photovolizic module 1 here operates at & working point Usp, Tie. The values of the voltage and
current are hers monitored by the messuring devies 13, Al time t; the measuring device 13 then
detocts that the vollage U, bas risen @ the nodoad voltage Uy, and that the current I, has
dropped o L. This behaviowr fe interproted by the evaluation snd control unit 12 ax no-load
conditions, coomring, for sxample, because the network bas been switched off at g converter
28 In s case, only s small ne-foad current Iy then Jows o provide base power o the
converter 31, Ones the evaluation has been completed, the evaluation and conteol unit 12 opema
the switching element 16 {8 = 8} at a thme t. The voltage output 10 is thus switched off, and Uy
=fx= 0 applies. & test voltage Up iy then conpected in order o sstablish whether the network
has been reconnected or the canse of the fault has been rectified in some other way. It is to be
noted here that the test voltage Up does uot have {o be permanently prosent, bt can alen be

switched on perindically.

Fig, § illustvales o current and voltage surve thyough which shert-clrouit conditivns are detested.
The photovoltaic medule 1 here operates al a working point Uap, Lae The values of the voltape
and current ave here moniiored by the measuring device 13, Al time 1 the reasaniag device 13
then detects that the voltage bas dropped to Uy = 0, and that at the same time the surrent has

rivercto fg, This debaviowr is interproted by the svalustion and control wnilt 12 as & shorteeiveuit
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faull, The evaluation and control unit 12 reacts by vpening the switching clement 16 {8 = 0} at
time 1, w0 that the voltage ootput 10 s switched offl Uy = Iy = 0 spplies. The test voltage Uy |

then reconnested. It chould be noted that Up iy very small in comparison with U, so that the
resultant voltage and current are nugligible, sinve Up, U= 1o =0 i not steictly speaking cerrect

due te the test voltage.
FOTOVOLTAIKUS MODUL
Szahudabmi igéaypontek

1. Fetovolatkus modid (1), amely logaldbd egy szoldr cellgval {3) &5 egy osatlakozddobaazal
{6} rendelhezik, shol 2 osstlabozddeboz (6) tamalmazsa o fotoveltaikus modul (1)
foszititséghimencteit (4, 3}, ahol a ceatlakozddobozon (8} vapy a osatlakezédohozban (6)
spitbesoporthént (7} ogy Kidridkeld &s vondribegyséy (12) van elrendezve, amely a fotavaitaikus
modual {1} fesztiltsdpét (1) ésivagy Sramat (14 Sradkeli, ahol a fotovoltaikus moduthoz {1y
fepaldbb egy kapesoldelom (18) van hozafrendelve, amely 8 kidrtskald & vezstidogysegaal (13)
verdrethoth, ahol a kaposoldelem (16} vévén a fotovoliaikes medal (1) lekapesoibatd, abol a
kigridkeld &s vezdrifegyedy (121 Ggy van kiképerve, hogy a2 drzdkelt fovenltsdy (U Ssfvagy sz
Sradkelt dram {14 alapidn egy hidds allapot detekiathatd, $5 a kapeosoldelom (16) aw seaskelt
hitiy allapot alapitn a kiSetdkeld &y verdridegységgel {12) vezdrelhetd, hogy # fotoveliaikus
modul {13 legalabb egyik fesziibiedghimenstst (4, §; 18, 11} vagy az $plidsi csopartot (7}
fekapssoliuk vagy stvidre zérjuk,

azsed jellemerve, hogy

a Ridrtékold e vezéridegységhbes (12) ogy vizspdidegysdg (14) van hozzdrendselve, amellvel az
egy lekaposolt fesnitiséghimenstre (10} egy vizagalojel juttathatd &5 legaldbb egy mévést jel
srzekelhetd, ahol @ mérdsd jol fMggvenysben a kidrickeld $s vendridegys
{16} veadrli

dg {32) 2 kapesoielomet

3o Az 1. lgénypont szerinti folovoltsikus swodul, egced jelfemerve, bogy a kifriskeld &
verériegysdy {12} a fosalitsdg (U, 8sfvagy ax dvam (1)) nagysdpst ds/vagy alakidt érzékeli és
drigkeli R,

3. A 2. igfaypont szerintl futovoltaikus modul, gszad Jellemegve, hogy o viesgsidegysdgpel (1)
egy {ddben viltors vizsgaldiel viherd fel.

4. Az elbad iginypontek birmelyike szerimtl fotovoltalkus wodul, euzed jellemezve, hogy a
fotovoltatkus modul {1} révén trdnik @ kidrickeld €s vezsrifiegysde {13} &fvagy s
vizspaldegység (14) fosutiftsdggel tortdnd slididsa

8. Az elézd igdnypontok bérmelyike sxerinti fotoveltaikus montul, ezzel Jeffemerre, hogy @

kaposoltelem{ 18} toljesiindny jolfvgokdnt van Kiképezve.

& Az ¢l8xd igdnyvpostok birmelvike sseringl fotovoliaikus medel, azead jellemenve, hogy s
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fotovoligikas modul (1) Ssszes Laposin lekaposothatd,

To Ax eldad igénypontok bivmelyike szerintl fotovoltaikus modul, egsel jelfemerve, hogy &
kaposobdelem (16} nyugalmi dllapothan nyiteit.
& Az oldnd igéoypentek barmelytke saerinti fotovobiatkus wodul, azzad felfomenve, hogy 8

kidridkeld és vezdrilogysdghes (123 exy tdphosaitiady tiroldelem van hozzdrendelve.

B Az <l82d igénypontok bdrmelyike sxevinti foioveltaikus wodel, agzad jellemerve, hogy a

fotovaltaikus moduthor (1) egy jelzd- ¢ kommunikdciss & Spvsey vab horedrendetve,
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