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Overvoltage protection device with a measuring arrangement

for monitoring overvoltage protection elements

The invention relates to a measuring arrangement for

monitoring one or more overvoltage protection elements.

Gas-filled overvoltage arresters (gas discharge tubes or
GDTs) are used in a large number of electrical devices for
protection thereof against overvoltages, in particular
pulse-like overvoltages. Here, the gas-filled overvoltage
arrester has a hollow space, which 1s filled with a gas.
Electrodes are inserted into the hollow space and/or are
arranged at the edge of the hollow space and are to be
connected to the voltage, which is to be supplied or
measured, of the electrical device to be protected. Provided
there is no voltage or only a low voltage applied between
the electrodes, the gas-filled overvoltage arrester has a
high resistance between the electrodes. Upon reaching a
specific voltage, that is to say the ignition voltage, the
gas-filled overvoltage arrester switches to a low
resistance. As a result, the voltage between the two
potentials of an electrical device to be protected falls. In
the low-resistance state of the gas-filled overvoltage
arrester, an arc 1is formed in the hollow space of the gas-
filled overvoltage arrester. Since a comparatively high

current flows, heat is produced.

Here, a large number of arrester events cause damage to the
electrodes. Furthermore, arrester events may also occur
however in which an arc ignited once burns over a long time
and therefore may also lead to irreversible damage of the

arrester and may make the arrester unusable.
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A renewed switching of the gas-filled overvoltage arrester

to a high-resistive state, that is to say the extinguishing

of the arc, is difficult depending on the applied voltage.

With AC voltages, a change to the high-resistive state 1is
generally possible without great effort, since the AC
voltage has repeated zero crossings. With DC voltages
however, this operation is much more difficult since an arc
that is already burning also continues to burn below the
ignition voltage. Only if a specific electrical power is

undershot is the arc extinguished.

In order to still achieve a change to a high-resistive state
in this case, shorting bars have been developed. Here, the
shorting bar is triggered once a specific temperature has
been reached and the electrodes of the gas—filled
overvoltage arrester are short-circuited. The short circuit
causes the current to then flow via the short circuit, and
power then fails to continue to be fed to the arc in the
gas-filled overvoltage arrester. As a result, the arc
extinguishes and the gas-filled overvoltage arrester reverts

to its high-resistive state.

In principle, it would be possible to identify this short
circuit by direct measurement of the ohmic resistance.
However, this is not always possible since corresponding
technical apparatuses are to be provided for this purpose
which are comparatively costly since they are to be designed
in a manner protected against short circuit current. A
design protected against short circuit necessarily leads to
a large wvolume of the protective apparatus however. 1In

addition, such an arrangement also negatively influences the
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measurement/the signal when installed 1in a measuring

path/signal path.

Alternatively, 1t would be possible to measure a short
circuit retrospectively by means of external wiring; this
retrospective measurement 1s generally much too time-
intensive however since it requires direct access, and,
insofar as a galvanic isolation from the signal to be
protected or from the supply voltage is necesséry for safety
reasons, this galvanic isolation has to be provided by

separation from the electrical circuit.

Alternatively or additionally to gas-filled arresters,
semiconductor components, for example TVS diodes, can also
be used as overvoltage protection, in particular in the MSR
field. With these components too, damage occurs as a result
of a large number of overvoltage events or as a result of a

prolonged overvoltage event.

It would therefore be desirable to obtain early on an
indication of the state of damage such that a damaged
overvoltage protection element can be replaced before its
ultimate failure and such that the fault state can also be

identified early on.

Previous systems, such as the system known from EP 1 737 081
Al, have provided an evaluation of the temperature for this
purpose. The temperature measurement however, due to the
indirect heating, is suitable only to a limited extent as a
criterion for indicating the level of damage, since

definitive damage can thus be detected at best.
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The object of the invention is therefore to provide an
apparatus and a method which overcome one or more of the

disadvantages known from the prior art.

The object is solved in accordance with the invention by the
features in the independent claims. Advantageous embodiments

of the invention are specified in the dependent claims.

The invention will be explained 1in greater detail
hereinafter on the basis of preferred embodiments with

reference to the accompanying drawings.

In the drawings

Figure 1 shows a measuring arrangement according to a
preferred embodiment of the invention in a first

state;

Figure 2 shows the measuring arrangement according to a
preferred embodiment of the invention in a second

state;

Figure 3 shows a simplified flow diagram according to a

preferred embodiment of the invention, and

Figure 4 shows a measuring arrangement according to a

further preferred embodiment of the invention.

Figures 1 and 2 show a measuring arrangement 1. Here, Figure
1 shows the case in which an arc LB occurs, whereas Figure 2
shows the case in which the short-circuit spring F has been
triggered subsequently to an arc LB and a short circuit has

thus been produced via the shorting bar SC.
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The measuring arrangement 1 is arranged between two signal
lines SL1 and SL2 and 1is indicated by way of example by a
dashed rectangle. The measuring arrangement 1 indirectly
monitors the switching state of a short-circuit spring F,
wherein the short-circuit spring F can actuate a shorting
bar SC of a gas-filled overvoltage arrester GDT. To this
end, a force is applied to the shorting bar SC by means of
the short-circuit spring F, however the shorting bar is kept
at a distance by means of a triggering arrangement AE, for
example a soldering point comprising a solder having a low
melting point. If +the temperature at the gas-filled
overvoltage arrester GDT rises, the triggering means AE thus
melts at a specific temperature and the force of the short-
circuit spring F 1is released and leads to a short circuit
via the shorting bar SC now actuated. Furthermore, the
measuring arrangement has a temperature measuring
arrangement TS, which 1s in thermal contact with the gas-
filled overvoltage arrester GDT, which can be short-
circuited. Here, the thermal contact can be produced
directly or indirectly. Direct contact can be provided by
the mounting of the temperature measuring arrangement TS
directly on the gas-filled overvoltage arrester GDT.
Indirect contact is achieved with a distanced mounting, that
is to say for example with an air gap, or with the
introduction of a gap filler GF. Gap fillers are materials
that are good conductors of heat, but are not electrically

conductive.

Furthermore, the measuring arrangement 1 has an evaluating
arrangement CD. The evaluating arrangement CD detects
respective temperature values by means of the temperature
measuring arrangement TS at different moments in time tl and

t2 and/or at further moments in time. This detection can
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take place periodically or may also be event-controlled.
Here, the temperature value T1l, which has been measured as a
moment in time tl, may indicate the ambient temperature for
example. If the temperature then rises sharply within a
specific interval, the response of the gas-filled
overvoltage arrester GDT can thus be read therefrom. If the
temperature then falls, it is possible to conclude that the
short-circuit spring F has been triggered. TIf it 1is
identified by the evaluating arrangement CD that the short-
circuit spring F has been triggered, an alarm arrangement
OUT1 can thus be prompted to output a corresponding alarm.

An alarm may have different forms here.

In an advantageous development of the invention, the state
of the short-circuit spring F may additionally also be
monitored optically by means of a light-measuring
arrangement OS. Here, the evaluating arrangement CD detects
respective optical measured values L1, L2 at different
moments in time t3 and t4 and/or at further moments in time.
Here, it should be noted that t3 or t4 (optical measurement)
may also coincide, for example, with tl and t2 respectively
(thermal measurement). This detection may again take place
periodically or may also be event-controlled. Here, the
optical measured value L1, which has been measured at a
moment 1in time t3, can specify the ambient brightness for
example. If the brightness then rises sharply within a
specific interval, the response of the gas-filled
overvoltage arrester GDT can thus be read therefrom, since
an arc LB has then formed. If the brightness falls again
after a specific period of time (arc duration), it 1is
possible to conclude that the short-circuit spring F has
been triggered. If the evaluating arrangement CD identifies

that the short-circuit spring F has been triggered, an alarm
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arrangement OQUT1 can thus Dbe prompted to output a

corresponding alarm. An alarm may have different forms here.

As already suggested, optical measured values or temperature
measured values may be detected in an event-controlled
manner. If, for example, a rise in brightness is determined
at the light-measuring arrangement O0S, this can be used to
trigger a temperature measurement. On the other hand, it is
of course also possible to determine a temperature rise at
the temperature-measuring arrangement TS and to use this to

trigger a brightness measurement.

In an advantageous development, the measuring arrangement
has two measuring methods and evaluates both measuring
methods (optically, temperature) independently of one
another. If it is determined as a result of both assessments
that the short-circuit spring F has been triggered, the
alarm can thus be prompted. Should only one of the measuring
methods indicate a triggering of the short-circuit spring,
an alarm can be provided in a different form. For example, a
different optical signal can be used and/or a different
acoustic signal <can be produced, and/or a different

electrical remote alarm signal can be produced.

In an advantageous development, the temperature-measuring
arrangement TS 1s constructed with a thermally wvariable
resistor. Here, the thermally variable resistor may be a
thermistor, for example a PTC or an NTC. Alternatively, a
pyrosensor may of course also be provided as a temperature-
measuring arrangement TS. Without going into greater detail,
different temperature sensors may also be provided, wherein
the evaluating arrangement CD 1is then again able to assess

the results of the respective temperature sensors.
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The described invention is particularly suitable for use in

an MSR application or in telecommunications applications

since small designs are provided here.

In a further embodiment of the invention, a method for
operating a measuring arrangement 1 is provided. This method
is illustrated in a highly generalised manner in Figure 3.
Here, in a first step 100, a first temperature value Tl is
measured at a first moment in time t1 by means of a
temperature-measuring arrangement TS, which is in thermal
contact with a gas-filled overvoltage arrester GDT, which
can be short-circuited. This temperature value is an ambient
temperature value for example. In an optional step 200, a
first optical measured value L1 can be measured at the same
moment in time or at a further moment in time, generally a
third moment in time t3, by means of a light-measuring
arrangement OS, which optically monitors the state of the
gas—filled overvoltage arrester GDT, which can be short-
circuited, and in particular the triggering of the short-
circuit spring F. In a further step 300, a second
temperature value T2 1s measured by means of the
temperature-measuring arrangement TS at a second moment in
time t2. Here, the second moment in time t2 is different
from the first moment in time tl. In an optiocnal step 400, a
second optical measured value L2 can be measured at the same
moment in time t2 or at a further moment in time, generally
a fourth moment in time t4. Here, the fourth moment in time
t4 is at least different form the third moment in time t3.
In a further step 500 it is identified on the basis of the
measured first temperature value Tl and on the basis of the
second temperature value T2, and, if provided, it is further
identified optionally or additionally on the basis of the

measured first optical measured value L1 and on the basis of
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the second optical measured value L2 whether the short-
circuit spring F has been triggered. If no trigger is
identified, the method for example reverts to step 300. A
periodic interrogation can thus be implemented.
Alternatively, an identification of a temperature rise may
also lead to an event-controlled interrogation of a second
optical measured value, that is to say the method jumps to
step 400, or, in the case of identification of a rise in
brightness, leads to an event-controlled interrogation of a
second temperature value, that is to say the method jumps to
step 300. If, in step 500, it is identified that the short-
circuit spring F has been triggered, this identification is
indicated in a step 600. The alarm may be formed differently
here and for example may contain a statement as to whether
one or more measuring methods (when different measuring
methods are provided) indicate a triggering of the short-
circuit spring. Here, a corresponding optical and/or
acoustic and/or electrical signal may be output 1if the

triggering of the short-circuit spring F is identified.

A further method is described hereinafter which can be used
alternatively or additionally to the method described
previously. Here, the method is focused on the operation of
an overvoltage protection device. The overvoltage protection
device has a measuring arrangement 1 for monitoring one or
more overvoltage protection elements TVS, GDT and an
evaluating arrangement CD. The evaluating arrangement CD is
connected via a light-measuring arrangement 081, 0S2 to the
respective overvoltage protection element TVS, GDT.
Furthermore, the overvoltage protection device has an
arrangement for identifying a current which is flowing for a
long period of time and which flows through the overvoltage

protection element (TVS. GDT).
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The evaluating arrangement then counts the pulses and
additionally identifies whether a current flowing for a long
period of time is flowing. It is determined from the number
of counted pulses and/or an identified current flowing for a
long period of time whether the respective monitored
overvoltage protection element TVS, GDT is still
operational, has sustained previous damage or is unusable.
Based on the result of the determination, it 1s indicated
whether the overvoltage protection element (TVS, GDT) is
still operational, has sustained previous damage or 1is
unusable.

In the case of the invention, the triggering of the shorting
bar 1s monitored indirectly. Here, the triggering of the
spring is identified, and, if desired, is forwarded on. To
this end, the temperature at the gas-filled overvoltage
arrester GDT or in the vicinity thereof is measured. By
evaluating successive temperature values T1l, T2, which have
been measured at different times tl, t2, it is possible to
establish the temperature profile and from this the state of
the gas-filled overvoltage arrester GDT or the state of the
shorting bar SC or the state of the spring F. Here, the
ambient temperature can also be determined as a variable
since either a first value alone or an averaging of a series
of past values provides an indication of the ambient
temperature. The same 1s true for the ambient brightness.
Here, the ambient brightness can also be determined as a
variable since either a first value alone or an averaging of
a series of past values provides an indication of the

ambient brightness.

Since the arrangement of the temperature-measuring
arrangement and also the optical measuring arrangement

provide a galvanic isolation, the otherwise usual
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requirements of protection against short-circuit current do

not have to be met, as would be necessary in the case of a

galvanically unisolated, direct measurement.

Furthermore, since the monitoring process then takes place
outside the signal lines SL1, SL2, the monitoring process

does not influence the signal over the signal lines.

In addition, the galvanically isolated arrangement also
allows a very compact design, since the component parts are
now no longer to be designed in a manner protected against

short circuit.

In order to improve the ©response behaviour of the
temperature-measuring arrangement TS, the temperature-
measuring arrangement TS can be in thermal contact with the
gas-filled overvoltage arrester GDT by means of a gap filler
GF. Such gap fillers are not electrically conductive, but
are still good conductors of heat. Such gap fillers are
based on silicone or on polyimide, for example. Since a good
thermal conductor compared to air 1s then provided, a
temperature change will be detected considerably more

quickly by the temperature-measuring arrangement TS.

Other events, such as the flashing of an arc, may

additionally be incorporated in the evaluation.

A further embodiment of the invention 1s illustrated in
Figure 4. Here, an overvoltage protection device has a
measuring arrangement for monitoring one or more overvoltage

protection elements TVS and/or GDT.
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For example, the overvoltage protection device has a gas-
filled overvoltage arrester GDT and/or a semiconductor
element, in particular a protective diode, in particular a

TVS diode, as an overvoltage protection element.

To this end, the overvoltage protection device has an
evaluating arrangement CD, which is designed to count pulse-
like overvoltage events which are arrested by the respective

overvoltage protection element TVS and/or GDT.

The evaluating arrangement CD 1is advantageously connected
for this purpose via a light-measuring arrangement O0S1, for
example a phototransistor, to the overvoltage protection
element GDT or is connected directly to the overvoltage
protection element TVS via a light-measuring arrangement
082, for example an optocoupler. In this case, some of the

discharge current flows via the optocoupler on one side.

Furthermore, the overvoltage protection device has an
arrangement for identifying a current which is flowing for a
long period of time and which flows through the overvoltage

protection element TVS, GDT.

The arrangement for identifying a current flowing for a long
period of time 1is advantageously optically adapted, for
example for a gas-filled arrester, and optically establishes
a current flowing for a long period of time indirectly on
the basis of the arc duration of a gas-filled arrester, or

via a leakage current which flows through a protective

diode.

Furthermore, the overvoltage protection device has an

evaluating arrangement CD, which, based on the counted
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pulses and/or an identified current flowing for a long
period of time, determines whether the overvoltage
protection element TVS, GDT is still operational, has

sustained previous damage, or is unusable.

In addition, the overvoltage protection device has one or
more alarm arrangements OUT1, OUT2, which indicate whether
the overvoltage protection element TVS, GDT 1s still

operational, has sustained previous damage, or is unusable.

The alarm arrangement OUT1 may provide a first status
display, which indicates a previously damaged state, for

example a warning state, for example yellow.

The alarm arrangement OUT2 may provide a second status
display, which indicates an unusable state, for example a
fault state, for example red. Here, 1t can generally be
assumed that if one of the component parts is identified as
faulty or is assumed to be faulty, the fault alarm is to be

implemented in the manner of an “or” link.

In the schematic illustration of Figure 4, two exemplary
resistors R1l, R2 are also indicated. In the figure, a
working arrangement 1is also provided at the’ protective
diodes and can be thermally activated and can lead to an
interruption of the flow of current or to a short circuit
past the protective diodes, similarly to the shorting bar

SC.

Without going into greater detail, the state can be provided
on the basis of a complex assessment. For example, the arc
duration, which leads to a fault state, may thus decrease

depending on the number of previously arrested pulses. In
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other words, if many pulses have already been arrested, even
a short arc duration is sufficient to reach the fault state.
Conversely, the arc duration may also result in the fact
that even a lower number of pulses leads to a damage display

or fault display.

As a result of the invention, it is thus made possible to
obtain an accurate indication of the state of damage or a
fault state via a direct detection in particular of the

arrester events.

Furthermore, the embodiment in Figures 1 and 2 and 4 can be

implemented in a common arrangement.

The invention described above can be used in particular in
the MSR field and in the telecommunications field since it

does not require high nominal currents.
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List of reference signs

measuring arrangement
short-circuit spring

shorting bar

gas-filled overvoltage arrester
temperature-measuring arrangement
light-measuring arrangement
evaluating arrangement

trigger arrangement

alarm arrangement

gap filler

arc

signal line

resistor

SC

GDT

T8

(ON

CD

AE

ouTl, ouTr2, OUT
GE

LB

SL1l, SL2
R1, R2
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Claims

An overvoltage protection device with one or more
overvoltage protection elements and a measuring
arrangement for monitoring the overvoltage protection
elements, wherein the overvoltage protection device has a
gas—-filled overvoltage arrester as an overvoltage
protection element and the measuring arrangement is also
suitable for the indirect monitoring of a short-circuit

spring of a gas-filled overvoltage arrester, comprising

° a temperature-measuring arrangement, which 1is in
thermal contact with the gas-filled overvoltage

arrester, which can be short-circuited,

° an evaluating arrangement, which, based on temperature
values which have been measured at different times,
identifies whether the short-circuit spring has been

triggered,

° an alarm arrangement, which indicates the
identification of a triggered short-circuit spring,
wherein the alarm is implemented by the evaluating

arrangement.

The overvoltage protection device according to Claim 1,

characterised in that

° the evaluating arrangement, which is designed to count
pulse-like overvoltage events which are arrested by
the overvoltage ©protection element, wherein the
evaluating arrangement 1is connected via a 1light-
measuring arrangement to the overvoltage protection

element, and/or
e the arrangement for identifying a current which is

flowing for a long period time and which 1s flowing

through the overvoltage protection element,
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wherein the overvoltage protection device additionally

comprises

° the evaluating arrangement, which, based on the
counted pulses and/or an identified current which is
flowing for a long period of time, determines whether
the overvoltage protection element is still
operational, has sustained previous damage or is

unusable, and

° the alarm arrangement, which indicates whether the
overvoltage protection element is still operational,

has sustained previous damage or is unusable.

The overvoltage protection device according to Claim 1 or
2, characterised in that

the overvoltage protection device has a semiconductor
component, in particular a protective diode, in
particular a TVS diode, as an overvoltage protection

element.

The overvoltage protection device according to one of
Claims 1 to 3, characterised in that

the alarm arrangement has a first status display,
which indicates a previously damaged state, and a second

status display, which indicates an unusable state.

The overvoltage protection device according to any one of
the preceding claims, wherein

the light-measuring arrangement is further designed to
optically monitor the gas-filled overvoltage arrester,
which can be short-circuited, on the basis of the state
of the short-circuit spring, and

the evaluating arrangement furthermore identifies,

also based on optical measured values which have been
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measured as different times, whether the short-circuit

spring has been triggered.

The overvoltage protection device according to any one of
the preceding claims, characterised in that

the temperature sensor is in thermal contact by means
of a gap filler with the gas-filled overvoltage arrester,

which can be short-circuited.

The overvoltage protection device according to one of
preceding Claims 1 to 6, characterised in that
the temperature-measuring arrangement has a thermally

variable resistor.

The overvoltage protection device according to Claim 7,
characterised in that

the thermally variable resistor is a PTC or an NTC.

The overvoltage protection device according to one of
preceding Claims 1 to 8, characterised in that
the temperature-measuring arrangement has a

pyrosensor.

The overvoltage protection device according to one of
preceding Claims 1 to 9, characterised in that
the measuring arrangement 1is intended for use in an

MSR application or in telecommunications applications.

The overvoltage protection device according to one of
preceding Claims 1 to 10, characterised in that

the alarm arrangement outputs an optical and/or acoustic
and/or an electrical signal when the triggering of the

short-circuit spring is identified.
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A method for operating a measuring arrangement for the
indirect monitoring of a short-circuit spring of a gas-
filled overvoltage arrester, which can be short-circuited,
with a temperature-measuring arrangement, which 1is in
thermal contact with the gas-filled overvoltage arrester,
which can be short-circuited, said method comprising the

following steps:

e measuring a first temperature value at a first moment
in time,

e measuring a second temperature value at a second
moment in time, which is different from the first moment
in time,

e identifying, on the basis of the measured first
temperature value and on the basis of the measured second
temperature value, whether the short-circuit spring has

been triggered,

e upon identifying that the short-circuit spring has

been triggered, indicating the identification.

The method according to Claim 12, wherein the measuring
arrangement further has a light-measuring arrangement,
which optically monitors the state of the gas-filled
overvoltage arrester, which can be short-circuited, and in
particular the triggering of the short-circuit spring,
said method further comprising the following steps:

e measuring a first optical measured value at a third

moment in time,

e measuring a second optical measured value at a fourth
moment in time, which is different from the third moment
in time,

e identifying, on the basis of the measured first

optical measured value and on the basis of the measured

second optical measured value, whether the short-

circuit spring has been triggered.
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The method according to Claim 12 or 13, wherein the
measuring arrangement further has an alarm arrangement,

said method further comprising the following step:

e outputting an optical and/or acoustic and/or
electrical signal when the triggering of the short-circuit

spring has been identified.



