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Fig. 1

Circuit arrangement for setting a potential of a photovoltaic generator The circuit arrangement (20) for setting a potential of a
photovoltaic generator (10) with respect to a ground potential (GND) Is distinguished In that a negative output (11) of the
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(57) Abrege(suite)/Abstract(continued):

photovoltaic generator (10) Is connected to a ground connection (15) via at least one resistor (21) and a positive output (12) of the
photovoltaic generator (10) Is connected to a ground connection (15) via a series circuit comprising at least one second resistor
(22) and a breakdown diode (23), to which ground connection (15) the ground potential (GND) is applied. Alternatively, the circuit
arrangement (20) Is distinguished In that the positive output (12) of the photovoltaic generator (10) Is connected to the ground
connection (15) via the at least one resistor (21), and the negative output (11) of the photovoltaic generator (10) iIs connected to the
ground connection (15) via the series circuit comprising the at least one second resistor (22) and the breakdown diode (23).
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(57) Abstract: Circuit arrangement for setting a po-
tential of a photovoltaic generator The circuit ar-
rangement (20) for setting a potential of a photo-
voltaic generator (10) with respect to a ground po-
tential (GND) 1s distinguished in that a negative out-
put (11) of the photovoltaic generator (10) 1s con-
nected to a ground connection (15) via at least one
resistor (21) and a positive output (12) of the photo-
voltaic generator (10) 1s connected to a ground con-
nection (15) via a series circuit comprising at least
one second resistor (22) and a breakdown diode
(23), to which ground connection (15) the ground
potential (GND) 1s applied. Alternatively, the circuit
arrangement (20) is distinguished in that the positive
output (12) of the photovoltaic generator (10) 1s
connected to the ground connection (15) via the at
least one resistor (21), and the negative output (11)
of the photovoltaic generator (10) is connected to
the ground connection (15) via the series circuit

comprising the at least one second resistor (22) and
the breakdown diode (23).
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Circuit arrangement for setting a potential of a

photovoltaic generator

The 1nvention relates to a cilircult arrangement for

setting a potential of a photovoltaic generator wilith
respect to a ground potential, and to a photovoltaic
installation having at least one photovoltalc generator

and such a circuit arrangement.

Photovoltalc generators, hereafter referred to as PV

generators, are used to convert solar energy to

electrical enerqgy. As part of a photovoltaic

installation, analogously referred to 1n the followilng
text as a PV i1nstallation, they are normally coupled to
one or more 1nverters, which convert the direct-current

produced by the PV generators to alternatling current

for feeding 1nto a public power supply grid or a

private power supply grid (stand-alone operation).

ﬁ

PV generators normally comprise a plurality Oof

photovoltaic modules (PV modules), which 1n turn each

have a multiplicity of photovoltaic cells (PV cells).

Frequently, a plurality of PV modules are connected 1n

serles to form a so-called string. One or more strings

1n parallel are then connected to an 1nverter. Because

—he PV modules are connected 1n series, thils results 1n

the PV generator having an output voltage 1n the range

from about 500 to 1500 V, depending on the system
design. This relatively high voltage reduces resistive

losses 1n the direct-current 1lines which run between

the PV generator and the 1nverter. It 1s unusual for PV

generators to have an even higher voltage, for

insulation reasons.

The direct-current 1nput stages of 1nverters are
frequently designed to be floating. Because  the
lnsulation resistances, particularly of the direct-

current 1lines which run between the PV generators and

the 1nverters, are not 1nfinitely high, a potential
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occurs at the positive pole and negative pole during

operation which 1s approximately symmetrical about the

ground potential. For example, 1f the photovoltaic

voltage at the output of a PV generator 1s 1000 V, the

negative pole of the PV generator 1s at a potential of

about -500 V with respect to the ground potential, and

the positive pole 1s at a potential of approximately

ﬁ

+500 V with respect to the ground potential. Because of

ﬁ

the design, an excessively high negatilive potential of

the PV module or parts of the PV module with respect to

the ground potential 1s undesirable 1n some types of PV

modules. In other types, an excesslvely high positive

potential 1s undesirable.

ﬁ

By way of example, 1n the case of PV modules usiling

thin-film technology, which have electrodes composed of
a conductive metallic ox1lde (TCO - transparent
conductive ox1ide), 1ncreased cCorrosion on the

electrodes can be observed when the layer 1s at a
negative potential with respect to the ground
potential. The lncreased COrrosion results 1n

undesirable cell degradation, which leads to a decrease

in the power from the PV modules. It 1s therefore

advantageous to keep PV modules such as these at a

posilitive potential wlth respect to the ground
potential.
In the case o0of polycrystalline PV modules with back

slde contacts, negative charges can occur on the cell

surface, as a result of which the recombination rate of

the charge carrlers rises, resulting 1n a considerable

ﬁ

efficlency reduction. However, such charging can be

prevented by the PV module being at a negative

potential with respect to the ground potential. In

contrast to the example mentioned above, 1t 18

therefore advantageous for PV modules such as these to
be at a negative potential with respect to the ground

potential.
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In order to prevent the potential-dependent cell

degradation 1n the case of modules using thin-film

technology, 1t 18 known from the document

DE 20 2006 008 936 Ul for the negative pole of a PV

L]

generator to be connected to the ground potential when

floating 1nverters are used, thus preventing parts of
the PV generator belng operated at a negative potential
wlth respect to the ground potential. However, this

results 1n higher voltages wilith respect to the ground

potential occurring at the positive pole of the PV

generator. In the case of PV modules, because of the

limited dielectric strength, a predetermined potential

difference wilith respect to the environment, that 1s to

say wlith respect to the ground potential, must not be

exceeded, 1n order to prevent possible destruction

ﬁ

(breakdown) o the electrical 1nsulation. The maximum

permlissilble voltage 1s referred to 1n the followilng
text as the 1nsulation 1limit voltage. The 1nsulation
limit wvoltage 1s normally approximately 1000 V. The

ﬁ

fixing of the negative pole of a PV generator at the

ground potential therefore 1limlits the useable output

ﬁ

voltage range o© a PV generator to a photovoltailc

voltage which 1s lower than the 1nsulation 1limit

voltage.

It 1s known from the document DE 10 2007 050 554 Al to

apply a high positive blas voltage (with respect to the

ground potential) to the posilitive pole of a

P

photovoltaic generator, with the aid of a voltage

ﬁ

source, which also shifts the potential of the negative

pole of the photovoltailic generator to a more positive

potential. Preferably the potential of the negative

pole 1s shifted to a positilive potential wilith respect to

the ground potential, 1n order as far as possilible to

prevent corrosion. Only 1n the event of a photovoltaic

voltage which exceeds the blas voltage, for example
under open c¢ilircult conditions, corrosion protection 1s

no longer provided. However, the method described has
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the dilisadvantage that there 1s a permanently high

potentlial at the positive pole of the PV generator.

ﬁ ﬁ

fects on the 1nsulation of

This can have long-term e

P

the PV generator. Furthermore, 1f the PV generator 1s

formed from a pluralility of partial generators which can

each be connected separately, a plurality of

1ndependent voltage sources must also be provided, 1n

order to produce the Dbias voltages for the partial

generators.

One object of the present 1nvention 1s therefore to

provide a c¢lrcult arrangement of the type mentioned

lnitially 1n which the potential of a photovoltailc
generator 1s set 1n a simple and uncomplilicated manner

to a value which protects the 1nsulation and prevents

corrosion as far as possilible for the PV generator.

This object 1s achieved by a circuit arrangement and a

photovoltaic 1nstallation having the features of the

1ndependent claims. Advantageous developments and
refinements are specilifled 1n the respective dependent
clalms.

In a first wvariant, the object 1s achieved by a circuilt

arrangement for setting a potential of a PV generator
wlth respect to a ground potential. The c¢circuilt

arrangement 1s distinguished 1n  that a hegative

connection of the PV generator 1s connected to a ground

connection via at least one resilistor and a positive

connection of the PV generator 1s connected to a ground
connection via a serles clrcult comprising at least one
second resistor and a breakdown diode, to which ground

connection the ground potential 1s applied.

In a second variant, the object 1s achieved by a

clrcult arrangement which 1s distingulished 1n that a

posltive connection of the PV generator 1s connected to

a ground connection via at least one resistor, and a
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negative connection of the PV generator 1s connected to
a ground connection via a serles clrcult comprising at
least one second resistor and a breakdown diode, to
which ground connection the ground potential 1S

appliled.

For the purposes of thilis application, a breakdown diode

1s a diode which has a breakdown voltage of a defilined
magnitude 1n the reverse-biased direction. When the

breakdown voltage 1s exceeded, the current/voltage

characteristic of the diode rises steeply. By way of
example, one or more gsSerles-connected zener diodes,

avalanche dilodes or suppressor diodes can be used as

breakdown diodes. Suppressor diodes are also referred

to as TVS (Transient Voltage Suppressor) diliodes.

Up to an output voltage of the PV generator which 1s

less than the breakdown voltage of the breakdown diode,

the negative (first variant) Or posltilive (second

varliant) connection of the PV generator 1s essentilally

ﬁ

at the ground potential, because of the c¢ilrcuit

ﬁ

arrangement. If the output voltage rises further, the

potential at thilis connection then rises, but only with

a low gradient, which 1s governed by the ratio of the

resistance values of the second resistor to the first

resistor.

— ' S

f the resilistance values are chosen appropriately, this

prevents the 1i1nsulation 1limit voltage of the PV

generator from being exceeded. On the one hand, this

prevents direct 1nsulation breakdown, and on the other

hand 1t prevents permanent loading of the electrical

insulation of the PV modules 1n a PV generator, since a
potential which 1s high with respect to the ground

potentlal 1s not present all the time.

The PV generator 1s operated as far as possible at a

speclfic (positive or negative) blas voltage potential
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wlith respect to the ground potential, as 1long as the

magnitude of the voltage of the PV generator provides

that. In the case of an embodiment of the circuilt

arrangement according to the first wvariant, this 1s

desirable, for example, with regard to corrosion

protection of TCO electrodes of PV modules using thin-

film technology. In the case of an embodiment of the

clrcult arrangement according to the second wvariant,

thlis 1s desirable, for example, wilth respect to the

ﬁ

efficiency of polycrystalline PV modules with back side

contacts.

According to a third variant, the object 1s achieved by
a PV 1nstallation having at least one PV generator and

at least one 1nverter wilith the PV 1nstallation having a

clrcult arrangement such as this "or setting a

potential of the at least one PV generator. The

advantages correspond to those of the first and second

aspects.

The 1nvention willl be explained 1n more detail 1n the

followlng text using exemplary embodiments and with the

ald of three figures, 1n which:

Figure 1 shows a filrst exemplary embodiment of a PV

installation with a circuit arrangement for

potential setting,

Figure 2 shows a second exemplary embodiment of a PV

installation with a circuit arrangement for

potential setting, and

Figure 3 shows a third exemplary embodiment of a PV

installation with a circuit arrangement for

potentlal setting.

ﬁ

Figure 1 shows a schematic 1llustration of a PV

installation. The PV 1nstallation comprises a PV
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generator 10 with a negative c¢onnection 11, also

referred to as a negative pole, and a positive

connection 12, also referred to as a positive pole. The
PV generator 10 1s connected via 1ts connections 11, 172

and direct-current lines 13, 14 to direct-current

inputs 31, 32 of corresponding polarity of an 1nverter

30. The inverter 30 furthermore has an
alternating-current output 33, via which electrical

power which 1s produced by the PV generator 10 and 1s

converted by the 1nverter 30 1s fed 1nto a power supply

grid 40. By way of example, the 1nverter 30 1s designed

for a three-phase alternating-current feed. The

inverter 30 1s preferably galvanically 1solating, for

example by having a transformer via which the current

1s fed 1nto the power supply grid. The direct-current

inputs 31, 32 are therefore 1nitially floating with

respect to the alternating-current output 33.

I

Figure 1 shows only those elements of the PV

installation which are essential for the purposes of

the application. By way of example, swilitching or
protection members (for example dilsconnectors, AC
contactors) and/or filters (for example sine filters)

and/or power supply grid monitoring devices, which are

not 1llustrated, may be provided on the alternating-

current si1de of the 1nverter 30. It 1s also possible

for the 1nverter 30 to be designed 1n ways other than

the three-phase design 1llustrated, for example a

single-phase design. Further elements which are not

11lustrated  here, such as swilitching members (for

example DC contactors) and/or protection members, can
likewlse be arranged on the direct-current side 1n the

connection between the PV generator 10 and the 1nverter
30.

By way of example, the PV generator 10 1s symbolized 1n

Figure 1 by the clrcult symbol for a single

B

photovoltailc cell. In an implementation of the
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11lustrated PV 1installation, the PV generator 10 may be

a single PV module, or a plurality of PV modules

connected together, 1n particular 1n a string

confliguration.

In addition to the elements mentioned above, the PV

installation as shown 1n Figure 1 comprilises a c¢lrcult

arrangement 20 for setting a potential of the PV
generator 10. The circult arrangement 20 1s connected

to the negative connection 11 and to the positive

connection 12 of the PV generator 10. Furthermore, a

connection 1s provided to a ground connection 15, to

which the ground potential GND 1s applied. The circuilt

arrangement 20 comprises a first resistor 21, via which

the negative connection 11 of the PV generator 10 1s

connected to the ground connection 15. The c¢ircuilt

arrangement 20 furthermore has a second resistor 22,

which 1s connected 1n series with a breakdown diode 23.

The positive connection 12 of the PV generator 10 1s
connected to the ground connection 15 vilia the second
regsistor 22 and the Dbreakdown diode 23, with the
breakdown diode 23 being arranged such that 1t 1s
reverse-blased when there 1s a positive potential on
the positive connection 12 wilith respect to the ground

potential GND.

By way of example, a zener diode 1s used as the

breakdown diode 23 1n the exemplary embodiments. In

order to simplify the description, the breakdown diode

23 1s therefore also referred to 1n the followlng text

as a zener diode 2Z23. However, 1t 1s alternatively also

posslble to use avalanche or TVS diodes. It 1s also

feaslble for the breakdown diode 23 to be formed by a

ﬁ

plurality of such diodes, for example a plurality of

zener dlodes, connected 1n seriles, particularly when

the aim 1s to achieve a breakdown voltage of several

hundred volts.



WO 2012/062696

10

15

2.0

25

30

39

CA 02808177 2013-02-12
PCT/EP2011/069529

The wuse of the 1llustrated c¢ircuilit arrangement 20

I

assumes that the DC wvoltage 1nputs 31, 32 o0of the

inverter 30 are eilither designed to be floating or have

only a high-i1mpedance connection to the ground

potential GND, or to a voltage source which 1s

connected to the ground potential GND. The circuilt

arrangement 20 described 1n this exemplary embodliment

1s, as 1s descrilibed 1n the followlng text, designed for

use with those PV modules which are preferably intended

to be at a positive potential with respect to the

ground potential. By way of example, the PV generator

10 accordingly has PV modules using thin-film

technology.

The zener diode 23 has a breakdown voltage which 1s 1n

the same order of magnitude as the maximum desired

P

voltage at the positilive connection 12 o0 the PV

generator wilth respect to the ground potential GND. The

breakdown voltage 1s advantageously somewhat lower than

the maximum desired voltage. In general, the 1Insulation

limit voltage of the PV generator 10 1s regarded as the

maxlimum deslred voltage.

It 1s assumed that the PV generator 10 1s floating and

P

has a sufficiently high 1mpedance with respect to the

ground potential GND that these resistance values can

ﬁ

be 1gnored. If the voltage of the PV generator 10 1s

lower than the breakdown voltage of the zener diode 23,

the branch which 1s formed from the zener diode 23 and

the second resistor 22 has a considerably higher

impedance than the first resistor 21. The entire

voltage of the PV generator 10 1s therefore dropped

across the seriles circult formed by the second resistor

22 and the zener diode 23. In consequence, the negative

connection 11 of the PV generator 10 1s essentially at

the ground potential GND. If the voltage of the PV

generator 10 rises further, the voltage component which

1s above the breakdown voltage of the zener diode 23 1s
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dropped across the first resistor 21 and the second

resistor 22 1n the ratio of theilr resistance wvalues. In
order to ensure that the voltage which 1s dropped
across the second resistor 22 1s not excessively high

and that the 1nsulation 1limit voltage 1s exceeded at

the positive pole, the resistance value of the second

resistor 272 should be at 1least less than that of the

first resistor 21, and the resistance wvalue of the

second resistor 22 1s preferably many times 1less than

that of the first resistor 21.

By way of example, the following text will consider the

potential profile at a PV generator 10 as a function of

1ts output voltage, 1n the situation where the first

ﬁ

resistor 21 has a value of 100 kOhm, and the second

ﬁ

resistor 22 has a value of 25 kOhm. A diode having a

breakdown voltage of 800 V 1s assumed to be used as the

zener diode 23.

Up to an output voltage below the breakdown voltage of

800 V, the negative connection 11 of the PV generator

10 1s essentially at the ground potential GND. f the

output voltage rises further, for example to 1000 V, 1t

1s 1n consequence 200 V above the breakdown voltage of

the zener diode 23. This 200 V 1s dropped across the

resistors 21 and 22 1n the ratio of tThelr resistance

values, that 1s to say 160 V across the first resilistor

21 and 40 V across the second resistor 22. The positive

pole 12 of the PV generator 10 1s therefore at a

potential of +840 V with respect to the ground

potential GND, and the negative pole 11 1s at a

potential of =160 V with respect to the ground
potential.
If the maximum voltage of the PV generator 10 1s

assumed to be 1500 V, the potential at the positive
pole 12 1s correspondingly +940 V with respect to the

ground potential GND, and the negative pole 11 1s at a
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A

potential  of -560 V wilth respect to the ground

ﬁ

potential. An assumed 1nsulation limit voltage of, for

example, 1000 V 1s not exceeded.

The c¢ilrcuilit arrangement 20 therefore prevents the

permlissible 1nsulation limit voltage from belng

exceeded without the positive connection 12 of the PV

generator 10 beiling kept permanently at a high positive

potential. This prevents both direct lnsulation
breakdown, as well as permanent loading of the
electrical 1nsulation of the PV modules 1n a PV

generator 10. Furthermore, provided that the magnitude

of the voltage of the PV generator 10 allows this, the

PV generator 10 1s operated as far as possible with a

poslitive blas-voltage potential with respect to the

ground potential GND, and this 1s once agaln desilirable

wlth respect to corrosion protection of TCO electrodes

in PV generators 10 using thin-film technology.

Furthermore, the first resistor 21 and the second

resistor 22 limit the current flow when the voltage of

the PV generator 10 exceeds the breakdown voltage of
the zener diode 23, or when a short-circuit occurs with

respect to the ground potential, a so-called ground

fault, at the PV generator 10, on the direct-current

lines 13, 14 or 1n the direct-current 1nput stage of

the 1nverter 30. In the event of a ground fault, at

most the entire voltage of the PV generator 10, , can

be present at the first resistor 21. In order to comply

with legal requirements that at most a certailn power

loss, for example, 60 W, may occur at a fault location

1n the event of a fault, the first resistor 21 should

P

therefore be chosen to be at least sufficiently large

that this power 1loss 1s not exceeded at the maximum

voltage to be expected from the PV generator 10.

Figure 2 shows a further exemplary embodiment of a PV

installation with a circuit arrangement for potential
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setting. Equal or functionally equivalent elements to

those 1n figure 1 are provided with the same reference

symbols 1n this figure as 1n Figure 1.

In contrast to the exemplary embodiment 1n figure 1,

there are two PV generators 10a, 10b 1n the PV

A

installation 1llustrated 1n figure 2. Each of the PV

generators 10a, 10b 1s provided with a c¢ilrcuit

arrangement for potential setting, and these are

correspondingly 1dentified by the reference symbols 20a

and 20b. The two PV generators 10a, 10b are connected
to an 1nverter 30 wvia corresponding dilrect-current

lines 13a, 13b and 1l4a, 14b via switching members 1l6a

and 16b, and via common direct-current lines 13, 14. In

order to feed 1n the 1inverter 30 1s coupled again via

AC voltage outputs 33 to a power supply grid 40. Once

agaln, the PV generator 10 comprises, for example, PV

modules using thin-film technology.

The switching members 16a, 16b allow selective
connection and disconnection of both of the PV
generators 10a, 10b, for example 1n the event of

P

shadowlng or partial shadowling of one of the two PV

generators 10a, 10b, or for servicling and repalr

purposes.

P

The design of each of the circuilit arrangements 20a, 20b

corresponds to that of the c¢ilrcuilit arrangement 20
described 1n the first exemplary embodliment 1n
Figure 1, and correspondilingly comprises a first

resistor Z2la or 21lb, a second resistor 2Z2a or 22b, and

a zener diode Z23a or 23b, respectively. In view of the

P

simple and low-cost design of the c¢lrcult arrangement

20 1t 1s advantageous to provide each PV generator 10

wlth 1ts OwWn clrcult arrangement 20a, 20, as
11llustrated. In addition, when a PV generator 10a, 10b
1s decoupled from the 1nverter 30 Dby opening the

switching member 16a, 16b, the respective cilrcult
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arrangement 20a, 20b ensures senslble potential

setting, 1n partilicular limiting of the maximum possible

positive potential at the positive pole 12a, 12b of the

respective PV generator 10a, 10b.

A further difference from the exemplary embodiment 1n
Figure 1 1s that an 1nsulation measurement device 50 1s
provided 1n the direct-current c¢ircuit. An 1nsulation

measurement device 50 such as this may be provided

separately from the 1inverter 30, as 1llustrated, or may

be 1ntegrated thereiln.

The 1nsulation measurement device b0 1s connected to

both poles of the direct-current 1nput 31, 32 of the

inverter 30. The lnsulation resistance at the
connections of the 1nsulation measurement device 1s
determined using an approprilate method. It the

insulation resistance 1s less than a predetermined
minimum value, 1t 1s possible to deduce that there 1s
an 1nsulation problem 1n the i1nverter 30, 1n the
direct-current lines 13 or 14; 13a, 13b or 14a, 14b, or

ﬁ

withlin one of the PV generators 10a, 10b.

In an 1nsulation measurement device 50 such as this,
resistors are normally used between 1ts connections and

the ground  potential, 1n order to measure the

1nsulation resistance. The values of such resistors

whlich are used 1n the 1nsulation measurement device

must be taken 1nto account 1n a sulitable form when

choosing the values of the first resistor 21 and of the

second resistor 22 . Furthermore, the deliberate

imbalance 1n the potential distribution about the

ground potential GND which results from the cilrcuilt

arrangement 20 must be taken 1nto account 1n the

ﬁ

evaluation of the 1mbalance of a current flow tTo the

ground potential GND within the 1nsulation device 50,

1n order to preclude a false alarm. If, as 1n the case

11llustrated 1n Figure 2, the effectlive resistance
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values which result from the 1nterconnection of the

clrcult arrangements 20a, 20b vary as a result of the

different swilitching states of the switching members

16a, 16b, this must also be taken 1nto account 1n the

evaluation of the 1mbalance by the resistors of the

insulation measurement device 50.

Figure 3 shows a schematic 1llustration of a further

exemplary embodiment of a PV 1nstallation having a

clrcult arrangement for potential setting. Agaln same

reference symbols denote same or functionally

equlvalent elements as those 1n Figure 1.

The PV 1nstallation once agaln comprises a PV generator

10 with a negative connection 11 and a positive

B

connection 12. As 1n the case of the exemplary
embodiment shown 1n Figure 1, the PV generator 1s
connected vi1ia direct-current lines 13, 14 to an
inverter 30, which 1s once again coupled via an AC

voltage output 33 to a power supply grid 40 1n order to

P

the i1nverter 30,

feed 1n. With respect to the design o©

reference 1s made to the statements 1n conjunction with

Figure 1.

The PV 1nstallation likewlise has a c¢ilrcult arrangement

20 for setting a potential of the PV generator 10,

which comprises a first resistor 21, a second resilstor

22 and a breakdown diode 23. By way of example, the

breakdown diliode 23 may once agaln be a zener diode, and

18 also referred tTto as a zener diode 23 1n the

followlng text. In contrast to the first two exemplary

ﬁ

embodliments, 1n this case the posilitive connection 12 of

the PV generator 10 1s connected via the first resistor

21 to a ground connection 15 while, 1n contrast, the

A

negative connection 11 of the PV generator 10 1s
connected to the ground connection 15 vlia a seriles

clrcult comprilisling a second resistor 22 and a zener

diode 23. As before, the zener diode 23 1s 1n this case
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arranged 1n the reverse-biliased direction.

The c¢circuilit arrangement 20 1s therefore desiligned

analogously to the previous exemplary embodiments, but

0 with the PV generator 10 being operated as far as

possible at a negative blas voltage potential with

respect to the ground potential GND as 1s advantageous,

ﬁ

for example, for efficiency, when polycrystalline PV

modules with back si1de contacts are used as PV modules

10 10. Furthermore, this prevents the permissible

insulation 1limlit voltage from belng exceeded, 1n the
same way as 1n the exemplary embodliments 1n Figures 1
and 2.

15> A PV 1nstallation as 1s 1llustrated 1n Figure 2, 1n

which there are a plurality of PV generators, may also,

of course, be equlpped wlth separate clrcult

ﬁ

arrangements 20 as shown 1n Filgure 3. The use of the

clrcult arrangements 20 as shown 1n Figure 3 18
20 likewlise possible 1n conjunction wilith an 1nsulation

measurement device.
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Reference symbols

Photovoltaic generator

Negative connection (negative pole)
Posltive connection (poslitive pole)
Negative direct-current line
Positive direct-current line
Ground connection

Switching member

Circult arrangement

First resistor

Second resistor

Breakdown diode

Inverter

Negative direct-current 1input
Positilve direct-current 1input
AC voltage output

Power supply grid

Insulation measurement device

Ground potential

PCT/EP2011/069529



WO 2012/062696

10

15

2.0

25

30

39

CA 02808177 2013-02-12

PCT/EP2011/069529
- 17 -
Claims
A cilrcult arrangement (20) for setting a potential

ﬁ

of a photovoltaic generator (10) with respect to a

ground potential (GND), characterized 1n that

a negative output (11) of the photovoltaic
generator (10) 1s connected to a ground connection

(15) via at least one resistor (21) and a positive

output (12) of the photovoltaic generator (10) 1s
connected to a ground connection (15) vlia a seriles
clrcult comprising at least one second resistor

(22) and a breakdown diode (23), to which ground

connection (15) the ground potential (GND) 1s
applied.
A cilrcult arrangement (20) for setting a potential

ﬁ

of a photovoltaic generator (10) with respect to a

ground potential (GND), characterized 1n that

I

a posilitive output (12) of the photovoltaic
generator (10) 1s connected to a ground connection

(15) via at least one resistor (21), and a

negative output (11) of the photovoltalc generator
(10) 1s connected to a ground connection (1b) via
a serles clrcult comprising at least one second

regsistor (22) and a breakdown diode (23), to which

ground connection (15) the ground potential (GND)
1s applied.

The cilrcult arrangement (20) as claimed 1n claim 1
or 2, 1n which the breakdown diode (Z23) 1s a zener

diode, an avalanche diode or a suppressor diode.

The cilrcult arrangement (20) as claimed 1n claim 1

or 2, 1n which the breakdown diode (23) 1s formed

by a series circult of a plurality of =zener

di1odes, avalanche diodes or suppressor diodes.

The cilrcuit arrangement (20) as claimed 1n one of
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claims 1 to 4, 1n which the breakdown diode (23)

has a breakdown voltage which 1s o:

photovoltalic generator (10).

The c¢lrcult arrangement as

claimed 1n one of

- LThe same order

of magnitude as an 1nsulation limit voltage of the

claims 1 to 5, 1n which the second resistor (22)

has a resistance value of more than 1 kOhm.

The c¢lrcult arrangement as

claims 1 to 6, 1n which the resistance wvalue of

the second resistor (22)

claimed 1n one oO:

1S

B

less than the

resistance value of the first resistor ((21).

The clrcult arrangement (20)

as claimed 1n

ﬁ

claim 7, 1n which the resistance wvalue of the

second resistor (22) 1s many times less than the

resistance value of the first resistor ((21).

A photovoltaic 1nstallation having at least one

photovoltalc generator (10) and
inverter (30), characterized
photovoltailc installation has

arrangement (20) as c¢lailmed 1in

8 for setting a potential

photovoltalic generator (10).

O

The photovoltaic installation

at least one
1in that the

a clrcuilt

one of c¢claims 1 to

f the at least one

as claimed 1in

claim 9, having at least two photovoltaic
generators (10a, 10b) and a respectlve cilrcult
arrangement (20a, 20b) for each of the at 1least

two photovoltalc generators (10a,

The photovoltaic installation

claim 9 or 10, which comprises

i1nsulation measurement device

an 1nsulation resistance of the 1inverter (30), of

the photovoltalc generator

(50)

(10)

10b) .

as claimed 1in

at least one

for determining

ﬁ

or of direct-
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current lines (13, 14), via which the photovoltaic

generator (10) 1s connected to the i1nverter (30).
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