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System Having A Controller And Having An Actuator And Also Having An
Assembly For Providing Functional Safety

Description
The invention relates to a system with a controller and with an actuator as well as
with an assembly. The assembly serves to provide functional safety and com-
prises a switching unit and a control device. Furthermore, the invention relates to

an assembly and a switching unit.

Plants, such as industrial plants, usually have one or a plurality of actuators, by
means of which an activity is carried out. In an industrial plant, for example, the ac-
tuator is used to create and/or process a workpiece. In order to operate the actua-
tor according to the desired function, a controller is provided, by means of which a
current supply to the actuator is set. In the simplest case, a switch is provided,
which is actuated by means of the controller. The switch is used to switch the actu-
ator on and off. For this purpose, the switch is inserted into an electrical supply line
of the actuator. In this case, the switch, the controller and the actuator form a sys-

tem.

If the actuator is used to carry out functions that could endanger other machines
and/or operating personnel, it is necessary to provide functional safety. Thus, in an
emergency, the intended function of the actuator is to be set and a safe state is to
be assumed. Depending on the desired safety level, it is necessary to take into ac-
count possible faults in the system. In most cases, a possible failure of individual
components of the system is also taken into account, e.g. of the switch. Therefore,
it is necessary to insert a further switch into the supply line, which switch is also
actuated by means of the controller, and which switch serves as a fallback solu-
tion. Furthermore, since it is also possible that excessive electrical voltage and/or
current fluctuations occur in a supply network comprising the supply line, or that
the actuator has a malfunction, it is necessary to insert a circuit breaker into the
supply line, which thus serves as a line circuit breaker and/or as an equipment cir-
cuit breaker. In most cases, this is also actuated by the controller.
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Thus, a total of three individual components have to be actuated by means of the
controller in order to achieve the desired safety level. In this case, it is necessary
to interconnect the individual components accordingly, which leads to increased
assembly time. Also a comparatively large number of different lines/cables are re-
quired, which increases manufacturing costs. Additionally, it is necessary to match
the individual components to each other for the intended application.

If one of the components does not meet a corresponding requirement, the com-
plete plant with the system does not meet the desired safety level and must there-
fore not be operated. Consequently, even when designing the system, it is neces-
sary to coordinate the individual components with each other, which leads to an

extended projection time and thus also to increased manufacturing costs.

If the plant and the system have a plurality of actuators, a corresponding number
of switches and cabling is required for each of these actuators. Since each of the
switches is operated by the controller, a comparatively large number of interfaces
for the switches has to be provided on the controller, which increases the manu-
facturing costs and the space required excessively.

The invention is based on the task of specifying a particularly suitable system with
a controller and with an actuator as well as with an assembly and a particularly

suitable assembly as well as a particularly suitable switching unit, wherein advan-
tageously a production is simplified and expediently an assembly time and/or pro-

duction costs are reduced, and wherein in particular safety is increased.

With regard to the system, this task is solved by the features of claim 1, with re-
gard to the assembly by the features of claim 11 and with regard to the switching
unit by the features of claim 12. Advantageous further developments and embodi-

ments are the subject of the subclaims.

The system is, for example, a component of a plant, by means of which a specific
function is carried out. In particular, the plant is an industrial plant and is used, for
example, for the production and/or processing of a specific workpiece. The system
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has a controller and an actuator. The actuator is, for example, an electric motor,
which is, for example, a rotating electric motor or a linear motor. Alternatively, the
actuator is, for example, a valve that is electrically actuated. The actuator has a
supply line, by means of which electrical energy is supplied. In the assembled
state, the supply line is electrically contacted with a supply network that provides,
for example, an electrical DC or AC voltage. The supply line is suitable, expedi-
ently provided and designed for this purpose. During operation, an electrical cur-
rent of between 0.5 A and 20 A, between 1 Aand 15 Aor2 A and 10 A is normally
carried by means of the supply line, for example. In particular, in this case, the
electrical supply line is at an electrical potential, which electrical potential has an
electrical voltage to ground greater than 10 V, 20 V, or 100 V. For example, the
electrical voltage is less than 10 kV, 5 kV or 1 kV. In particular, the electrical vol-

tage is a DC voltage or an AC voltage.

The controller is provided by means of a computer, for example, and is in particu-
lar a programmable logic controller. In particular, process parameters for control-
ling the actuator are stored in the controller, wherein the actuator carries out a de-
sired function if it is operated according to the process parameters.

Furthermore, the system has an assembly, which serves to provide functional
safety. In other words, the assembly ensures that the safety integrity of the system
is guaranteed. In particular, a certain safety level is guaranteed by means of the
assembly. The assembly comprises a switching unit and a control device. The
switching unit is inserted into the electrical supply line of the actuator, and by
means of the switching unit it is thus possible to interrupt as well as to adjust an
electrical current flow via the electrical supply line. In particular, the switching unit
has a housing, within which all further components of the switching unit are ar-
ranged. Preferably, one of the walls of the housing has a connection to the supply
line. In other words, the connection projects through the housing, so that the sup-
ply line can be connected to the switching unit. In particular, the connection
merges into a strand of the switching unit arranged inside the housing.



20

25

30

4

The switching unit is operated by means of the control device of the assembly. In
other words, the switching unit is operated by means of the control device. For
example, the control device is used to control a supply current/supply voltage of
the switching unit is set directly. In particular, however, commands are transmitted
from the control device to the switching unit during operation, which commands
are evaluated by means of the switching unit. This reduces the amount of cabling
required between the control device and the switching unit. The control device is
connected to the controller in terms of signal technology. In particular, the signal
connection of the actuator to the controller is effected via the assembly, and a di-
rect connection of the control device with the actuator does expediently not

exist. To operate the actuator, the controller thus transmits a corresponding signal
to the control device of the assembly, by means of which signal the switching unit

is operated accordingly.

Thus, only one connection of the assembly to the actuator, namely the insertion
into the electrical supply line, and of the controller to the assembly, is required to
manufacture the system, which simplifies production. In summary, there are only
comparatively few connections between the components of the system, which is
why assembly time and manufacturing costs are reduced. Space requirements are
also reduced. Since functional safety is also provided by means of the assembly, it
is not necessary to coordinate individual components of the assembly with each
other, which avoids incorrect coordination of individual components of the system
and thus increases safety. It is also ensured that a certain safety level is realized,
namely the one provided by the assembly. During operation, process parameters
and/or instructions are transmitted to the assembly, in particular by means of the
controller, and are received there by means of the control device. In dependence
thereon, the switching unit is actuated, so that the actuator is operated according

to the process parameters.

For example, the system has a plurality of such assemblies, each of which is con-
nected by means of the controller in terms of signal technology. Each of the as-
semblies is preferably assigned at least one actuator, which actuator is operated
by means of the respective assembly by means of the respective switching unit. In



20

25

30

5

this case, the actuators and/or the assemblies are preferably not connected to
each other directly, but always via the controller, which reduces cabling effort and
increases interchangeability.

In particular, a certain safety level is ensured by means of the assembly. If the
safety level of the system is to be changed, it is in particular only necessary to re-
place the assembly, for which only a certain number of lines or the like have to be
reconnected. Thus, the effort required to increase or change the safety level is re-
duced. It is also not necessary to match individual components to each other,
since this has already been done by means of the assembly. For example, the as-
sembly additionally comprises a power supply. During operation, said power sup-
ply is used in particular to supply the control device and/or the switching unit and
any further components of the assembly. Thus, fail-safety is further increased. It is
also not necessary to dispense with a certain range of functions when manufac-
turing the control device, for example because the electrical energy required for
this is not sufficient.

For example, the switching unit, suitably the possible strand, has only a single
switch. Particularly preferably, however, the switching unit, suitably the possible
strand, comprises a number of switching elements electrically connected in series,
which are inserted into the supply line. Thus, in particular, 2, 3, 4 or more switch-
ing elements are present. When one of the switching elements is opened, the
electrical current flow through the supply line is interrupted. Thus, even if one of
the switching elements fails, it is still possible to interrupt the flow of electric cur-
rent, which further increases safety.

At least one of the switching elements, preferably two or a plurality of the switching
elements, are suitably designed as a mechanical switch, i.e. as an electromecha-
nical switch. By applying a corresponding electrical voltage to the mechanical
switch, the latter is opened/closed. In particular, the mechanical switch is designed
as a relay or contactor. For example, one of the mechanical switches is designed
as a relay and the other as a contactor, or both mechanical switches are designed
as contactors or both mechanical switches are designed as relays. Due to the
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mechanical switches, a galvanic isolation takes place especially when opening,
which is why a safety is further increased. In this case, in particular, the switch
section or another component serves as a physical insulator. Suitably, an electrical
insulator, for example made of a plastic or a ceramic, is inserted between any
opening contacts of the mechanical switch. In summary, an additional physical in-
sulator is thus provided. Thus, skipping of a spark and/or formation of an arc be-
tween the opening contacts is avoided, which further increases safety. If the me-
chanical switch is designed as a relay, said relay is expediently a monostable re-
lay. Said monostable relay is preferably designed in normally open configuration.
Thus, an active control is required to close the mechanical switch. In the event of a
fault and/or when the power supply is interrupted, the mechanical switch is thus

open, which increases safety.

Alternatively or particularly preferably in combination therewith, at least one of the
switching elements is a semiconductor switch, for example a field effect transistor.
Preferably, the semiconductor switch is a power semiconductor switch, such as a
MOSFET, IGBT or GTO. In case of the semiconductor switch, no arcing occurs
upon actuation, so that safety is increased. The semiconductor switch is expe-
diently self-blocking. Consequently, conducting current via the semiconductor
switch is only possible in the actuated state. Therefore, a current flow via the semi-
conductor switch is excluded in case of a defective activation, and thus in case of
a fault, and/or in case of an interrupted power supply, which increases safety. Ex-

pediently, the semiconductor switch is designed to be monostable.

Preferably, both the semiconductor switch and at least one mechanical switch are
provided. In this case, when the switching unit is actuated and transferred to the
electrically non-conductive state, expediently, the semiconductor switch is opened
first and then the mechanical switch or switches are opened. Thus, no arcing oc-
curs at the mechanical switches, which prevents damage. Heat generation is also
reduced. It is thus possible to carry out a comparatively large number of switching
operations by means of the switching unit. When the switching unit is transferred
to the electrically conductive state, all mechanical switches are actuated first,
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followed by the semiconductor switch. In this way, the formation of an arc or the
like is also prevented in this case, which reduces wear.

The switching unit expediently has a current limiter, by means of which the maxi-
mum electric current carried by the switching unit is limited. The current limitation
is expediently active, so that the current flow is or respectively can be maintained
for a certain period of time, for example indefinitely, with the maximum conducted
electric current. Exceeding the maximum conducted electric current, on the other
hand, is essentially not possible. In particular, the value of the maximum con-
ducted electric current is adapted to the current application. Preferably, the current
limitation is implemented by means of a semiconductor whose electrical resistance
increases with increasing electrical current, the increase being expediently non-lin-
ear. Preferably, the semiconductor switch, if present, is used as current limiter,
and the semiconductor switch is designed accordingly. Thus, in particular when
approaching the maximum electric current to be conducted by means of the
switching unit, the ohmic resistance of the semiconductor switch is increased, pref-
erably substantially abruptly. For example, the maximum electrical current that can
be conducted due to the current limitation is between 8 A and 12 A or between 9 A
and 11 A. Due to the current limitation, safety is thus also increased in the event of
a fault, for example in the event of a short circuit in the actuator, and expected de-
struction or further damage is reduced.

Particularly preferably, the switching unit comprises an electrical fuse, which is
electrically connected in series with the switching element(s) and which is thus
also inserted into the supply line. The fuse is in particular independent of the use
and/or design of the switching elements and is expediently always inserted into the
supply line. In particular, the fuse is designed as a safety fuse, for example as a
so-called glass tube fuse or the like. In the event of an excessive electric current,
the fuse interrupts the flow of electric current via the switching unit, so that the fuse
acts as a "fail safe" element. In the event of a comparatively extensive failure of in-
dividual components of the system, for example also of individual components of
the switching unit, the fuse ensures that the operation of the actuator is



20

25

30

8

interrupted. Thus, a safety level is increased. In an alternative, one or a plurality of
circuit breakers are used instead of the fuse.

For example, all switching elements are actuated by means of the control device,
by means of which control device a corresponding supply voltage is applied to the
individual switching elements. Particularly preferably, however, the switching unit
has a control unit, by means of which the switching element or respectively the
switching elements are actuated. In this case, the control device transmits corre-
sponding signals to the control unit, by means of which the switching elements are
actuated accordingly. By means of the control unit, a corresponding supply voltage
is expediently applied to the switching elements for this purpose. This further re-
duces the amount of cabling required. The control unit expediently has two parts,
which are redundant to each other. In this case, a corresponding control of the
switching elements is made possible by means of each of the parts. Consequently,
even if one of the parts of the control unit fails, further operation is possible, which
further increases safety. For example, the two parts are of the same design rela-
tive to each other or, particularly preferably, of different design. In particular, differ-
ent manufacturers are used in this case for the individual components, so that in
the event of defective manufacture of the components of one of the parts, in partic-

ular microprocessor, continued operation is possible with the other part.

Particularly preferably, the switching elements are designed in such a way that
they provide feedback as to which switching state they are in. If the respective
switching element is a mechanical switch/relay, it expediently comprises auxiliary
contacts that serve to provide feedback. For example, the auxiliary contacts are al-
ways in electrical contact with each other when current flow is possible via the re-
spective switching element. If the current flow is not possible, the auxiliary con-
tacts are expediently also separated from each other, or vice versa respectively.
The auxiliary contacts are preferably forcibly guided and designed, for example, as
so-called mirror contacts. If the respective switching element is designed as a
semiconductor switch, the signal applied to a gate (gate signal) is used as feed-
back, for example. In a further development, the feedback is additionally derived

on the basis of a current flow via the semiconductor switch and/or an insula-ting
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capacity of the semiconductor switch. In an alternative, the electrical current flow-
ing across the semiconductor switch is detected, for example measured, for feed-
back. Alternatively or in combination, the applied electrical voltage is detected, for
example measured. In summary, the function of the semiconductor switch is moni-

tored ("monitoring").

The feedback is read out directly by means of the control device, for example. Par-
ticularly preferably, the control unit or a further control unit is provided in this case,
by means of which the corresponding state of the switching elements is read out.
The state is preferably transmitted as a signal to the control device. This further re-
duces the amount of cabling required. It is also possible to draw conclusions about
the current state of the actuator on the basis of reading out the state of the swit-
ching elements. Alternatively, or particularly preferably in combination therewith,
the switching unit has a sensor, by means of which the electric current conducted
by means of the switching unit and/or the applied electric voltage is detected. In
other words, the switching unit comprises a current sensor and/or a voltage sen-
sor. Preferably, this sensor is also read out by the control unit, and in dependence
thereon, for example, one of the switching elements or a plurality of the switching
elements is actuated. Preferably, actuation takes place in dependence on a limit
value being exceeded by the applied electrical voltage and/or the electrical current
conducted therewith and/or as a function of a change in the electrical current/volt-
age within a certain period of time. Thus, the switching unit additionally assumes
the function of a circuit breaker, in particular a line circuit breaker or equipment cir-
cuit breaker. Thus, safety is further increased.

Preferably, the actuator comprises a ground line, which has ground, in particular
earth, as electrical potential during operation. For example, a housing of the actua-
tor is electrically contacted with the ground line, so that a contact protection is rea-
lized. Preferably, the switching unit comprises an additional switching element,
which is inserted into the ground line of the actuator. Thus, the ground line is also
guided via the switching unit. During operation, the additional switching element is
in particular also actuated by means of the possible control unit. Due to the addi-
tional switching element, it is thus possible to also electrically interrupt the ground
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line and thus electrically disconnect the actuator both from ground and from the
electrical potential, against which the supply line is guided. Thus, a safety level is
increased. In an alternative embodiment, the additional switching element does
not exist and thus the ground line in particular is intact. For example, the ground
line is at least partially provided by means of the switching unit, or the ground line
is not part of the switching unit.

For example, a plurality of such additional switching elements are inserted into the
ground line, which increases safety. For example, at least one of the additional
switching elements is designed as a mechanical switch, and another of the addi-
tional switching elements is designed as a semiconductor switch. Preferably, how-
ever, there is only one additional switching element, which reduces manufacturing
costs. Preferably, said switching element is designed as a mechanical switch, so
that galvanic isolation and therefore electrical insulation is provided when the addi-
tional switching element is opened.

Expediently, the system has a further actuator, which is, for example, identical in
construction to the actuator. In particular, the two actuators interact, so that they
are operated in coordination with each other by means of the controller. Alterna-
tively, the two actuators are independent of each other, for example, and each of
the actuators is used to process/create a different workpiece. The further actuator

has a further supply line.

In particular, the switching unit has a number of further switching elements electri-
cally connected in series, which are inserted into the further supply line. Thus, the
switching unit also carries the electrical current, by means of which the further ac-
tuator is energized. For example, the further switching elements are substantially
identical in construction to the possible switching elements, so that the switching
unit has two strands, which are identical in construction to each other, one of the
strands being assigned to the supply line and the further strand being assigned to
the further supply line. In particular, a further fuse is present here, which is in-
serted into the further supply line. If the control unit is present, the further switching
elements are expediently also actuated by means of it. In other words, the
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switching unit has only a single control unit, by means of which all switching ele-
ments or the like are actuated, and/or by means of which all possible sensors, at
least one of which is preferably assigned to each of the lines, are read out. Thus,
hardware requirements are reduced. In a further development, a corresponding

circuit breaker is used instead of the further fuse.

In an alternative thereto, the assembly has a further switching unit, which is identi-
cal in construction to the switching unit. However, the further switching unit is in-
serted into the further supply line, so that the electrical current carried by the fur-
ther supply line can be interrupted by means of the further switching unit. Further-
more, the further switching unit is operated by means of the control device. Thus,
both the switching unit and the further switching unit are operated by means of the
control device. Due to the further switching unit, a modular structure of the system
is realized, so that a comparatively large number of further actuators can be oper-
ated by means of the system. Preferably, a plurality of further actuators are thus
present. For example, part of each of these is assigned to one of the further
switching units, with further switching elements being assigned to the switching
unit or the further switching units in each case, for example. In other words, at
least two or a plurality of the actuators are operated with each of the switching

units of the assembly. Thus, a total number of switching units is reduced.

The control device and the switching unit are preferably only connected to each
other in terms of signal technology, so that only signals are exchanged between
them. Expediently, said signals only have a certain electrical voltage level, which is
why processing is extended. Preferably, the control device and the switching unit
are connected by means of a first bus system in terms of signal technology. The
control device is configured as a master of the first bus system. The switching unit
is thus a slave. If there are a plurality such switching units, for example the further
switching unit, these are all configured as slaves in particular. Since the assembly
has only a single control device, which is always present, unambiguous identifica-
tion of the master is facilitated. Also, it is thus possible to use a comparatively
large number of separate switching units. In particular, the switching unit is



20

25

30

12

connected to the control unit in terms of signal technology, if said control unit is
present.

Preferably, the control device and/or the switching unit has a plurality of connec-
tions, each of which is connected to a corresponding line of the first bus system.
Thus, a redundancy of the signal connection is realized. Preferably, the first bus
system complies with a Profibus, Profinet, Ethercat, Ethernet IP or IO Link stand-
ard, with safety-related functions being suitably supported, for which a safety layer
is provided in particular. Preferably, the bus standard used for the first bus system
is Profisave, Safety over Ethercat (FSoE), Safety over IO-Link or respectively CIP
Safety. In particular, communication is sequential, so that a value identifying the
previous telegram is processed with each telegram sent. This ensures that the tel-
egrams exchanged by means of the first bus system are received correctly by

each of the participants in the first bus system, i.e. the master and the slaves.

Alternatively, or particularly preferably in combination therewith, the control device
and the controller are connected by means of a second bus system in terms of sig-
nal technology. In this case, for example, the control device is configured as a
slave of the second bus system, and the controller is expediently configured as the
master of the second bus system. Thus, a modular structure is also provided, so
that a plurality of assemblies can be used. In this case, each control device of the
assemblies is expediently configured as a slave. Preferably, the second bus sys-
tem complies with a Profibus, Profinet, Ethercat, Ethernet IP or IO Link standard,
wherein safety-relevant functions are suitably supported, for which in particular a
safety layer is provided. Preferably, the bus standard used for the first bus system
is Profisave, Safety over Ethercat (FSoE), Safety over 10-Link or CIP Safety. Sui-
tably, the control device and the controller each have a plurality of connections,
which are assigned to different, parallel lines. Thus, a redundant signal connection
between the control device and the controller is also provided.

Particularly preferably, both the first and the second bus system are present. Since
in this case the switching unit is connected to the control device by means of the
first bus system, precise knowledge of the structure of the switching unit is not
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required in the controller. Also, a number of participants in the second bus system
is reduced, since in the second bus system, no address is assigned to the switch-
ing unit, in particular to the possible control unit, but only in the first bus system.
Thus, it is possible to increase a cycle time in the second bus system and also in
the first bus system, and thus a speed of data exchange. Also, when the assembly
is replaced, it is not necessary to change the programming of the controller, which
simplifies maintenance. Additionally, if an error occurs in the first bus system, a re-
percussion on the second bus system and thus on the controller is avoided, so
that any further assemblies can continue to be operated safely. In other words, a
feedback effect on further components of the system is reduced. Thus, safety is in-
creased.

If a plurality of switching elements are present, in particular the two mechanical
switches and/or the semiconductor switch, a switching group is expediently formed
by means of these. Suitably, the switching group comprises all strands of the
switching unit, thus also the possible further and/or additional switching elements,
so that the switching unit is formed by means of the possible control device and
the switching group, which has the individual switching elements. Suitably, the
possible fuse and/or further fuses are each a component of the switching group.

The switching group is suitably implemented as a single assembly.

During operation of the system, actuation of the actuator is specified by means of
the system. If the actuation takes place depending on a process parameter, this is
suitably transmitted to the switching unit. If the switching unit has switching ele-
ments or the like, one of which has a safety level greater than a limit value and the
other of which has a safety level less than the limit value, for example the mechan-
ical switch and the semiconductor switch, the switching element having the lower
level, i.e. in particular the semiconductor switch, is expediently actuated. However,
if the controller specifies that the actuator is to be actuated due to a certain safety
function, for example STO (safe torque off), the switching element with the highest
safety level or at least the switching element whose safety level is higher than the

limit value is actuated, in particular the mechanical switch. In this case,
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expediently, the semiconductor switch is actuated first and following this the me-
chanical switch, so that the formation of an arc is prevented.

The assembly serves to provide functional safety and is suitable, in particular pro-
vided and designed to be used in a system that also has a controller and an actua-
tor. In the assembled state, a switching unit of the assembly is inserted into an
electrical supply line of the actuator. Furthermore, the assembly has a control de-
vice, by means of which the assembly is operated. The assembly is further suita-
ble, in particular provided and designed to be connected to the control device in
terms of signal technology. In particular, for this purpose, the control unit com-
prises a suitable circuit, which is implemented, for example, by means of a number
of electrical and/or electronic components. Preferably, the circuit is of redundant
design, with different manufacturers preferably being used for the individual
parts/components. Thus, fail-safety is further increased. In particular, the control
device has a number of interfaces for connection with the controller and/or further

components of the system in terms of signal technology.

The switching unit is suitable, in particular intended, to be inserted into an electri-
cal supply line of an actuator. Moreover, the switching unit is a component of an
assembly, which serves to provide functional safety. Preferably, the switching unit
has a housing, within which all further components of the switching unit are ar-
ranged, in particular possible switching elements and/or a fuse. Preferably, the
switching unit has a control unit arranged in the housing. The control unit is expe-
diently of redundant design and preferably has two parts. Each of the parts is, for
example, an application specific integrated circuit (ASIC). The housing is prefera-
bly made of a plastic or a metal and, in the assembled state, is expediently electri-
cally contacted with ground and is thus suitable, in particular provided and de-

signed for this purpose. Thus, a contact protection is realized.

The further developments and advantages explained in connection with the sys-
tem are also to be applied analogously to the assembly/switching unit and to each
other, and vice versa.
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In the following, embodiments of the invention are explained in more detail with
reference to a drawing. Therein the figures show:

Fig. 1 a schematic sketch of a system with a controller and with an actuator
as well as with an assembly,

Fig. 2 the system according to Fig. 1, with a further actuator and a modified
switching unit of the assembly, and

Fig. 3 the system according to Fig. 2, with a further switching unit.

Corresponding parts are marked with the same reference signs in all figures.

Figure 1 shows a schematic sketch of a system 2, which is a component of an in-
dustrial plant not shown in more detail. The system 2 has an actuator 4 in the form
of an electromechanical valve, by means of which a flow of a fluid, such as a gas
or a liquid, through a pipe is controlled. The actuator 4 has a supply line 8 and a
ground line 10, which are electrically contacted with a supply network 12. In this
example, the supply network 12 is provided by means of a rectifier not shown in
more detail. The ground line 10 is also electrically connected to ground 14. A con-
stant electrical potential is guided by means of the supply line 8 and the ground
line 10, with an electrical voltage of 200 V being applied between them.

Furthermore, the system 2 has a controller 16, in which process parameters for
actuating the actuator 4 are stored, so that a suitable control/regulation of the fluid
supply takes place. The controller 16 is a programmable logic controller and by
means of this a control and/or regulation of further components of the industrial
plant not shown in more detail, such as of further machines and/or actuators,

which are not shown in more detail here, takes place.

Furthermore, the system 2 has an assembly 18, which serves to provide functional
safety. The assembly 18 has a power supply 20, a control device 22 and a swit-
ching unit 24, which are each designed as assemblies that can be lined up to-
gether and are arranged in a control cabinet, which is not shown in more detail.
The switching unit 24 is designed as a separate component, which can be
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detached from the control device 22 for assembly and/or replacement purposes.
The power supply 20 has a power source 26, by means of which a DC electrical
voltage of 24 V is provided. The power source 26 is guided against two power con-
nections 28 of the power supply 20, which are electrically connected to respective
corresponding power connections 28 of the control device 22 and of the switching
unit 24, so that an electrical supply is provided to the control device 22 and to the
switching unit 24 by means of the power supply 20.

The control device 22 has a control module 30, which is electrically supplied via
the power connection 28. Furthermore, the control module 30 is connected to the
controller 16 in terms of signal technology via two second connections 32 of the
control device 22, each via a second bus line 34 of a second bus system 36. Due
to the two second bus lines 34 and the two second connections 32, redundancy is
provided. The second bus system 36 complies with the Profisafe or Safety over 10
Link standard, and the controller 16 is configured as the master of the second bus
system 36. The control device 22, in particular the control module 30, is configured
as a slave of the second bus system 36. If a plurality of such assemblies 18 are
present, each control device 22 is configured as a respective slave of the second
bus system 36.

To provide fail-safety, the control module 30 has two subsections 38, which carry
out the same functions, but are provided by means of mutually different circuitry. In
other words, the control module 30 also is of redundant design. The control mo-
dule 30 is connected to corresponding connections 46 of the switching unit 24 by
means of two first connections 40, each via a first bus line 42 of a first bus system
44 assigned there. Thus, a redundant signal connection between the control de-
vice 22 and the switching unit 24 is also implemented here. A control unit 48,
which has two parts 50, is connected to the connections 46 in terms of signal tech-
nology. The two parts 50 carry out the same functions during operation, so that the
control unit 48 also has a redundant structure. Power is supplied to the control unit
48 by means of the power connections 28.
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In summary, the control device 22, namely the control module 30, and the swit-
ching unit 24, namely the control unit 48, are connected by means of the first bus
system 44 in terms of signal technology, which is operated in accordance with the
Profisafe or Safety over 10O Link standard. In this case, the control device 22 is
configured as a master and the switching unit 24 is configured as a slave of the
first bus system 44. In other words, communication in the first bus system 44 is
specified by means of the control device 22. The first bus system 44 is in this case
independent of the second bus system 36, and the switching unit 24 is not as-
signed an address in the second bus system 36.

The switching unit 24 has a strand 52, which is inserted into the supply line 8. In
other words, during operation by means of the strand 52, part of the electrical e-
nergy is conducted from the supply network 12 to the actuator 4, and the switching
unit 24 is inserted into the supply line 8. The strand 52 has a total of three swit-
ching elements 54, which are electrically connected in series. Two of the switching
elements 54 are configured as a mechanical switch 56. The mechanical switch 56
is a contactor. The remaining switching element 54 is a semiconductor switch 58
in the form of a MOSFET. The semiconductor switch 58 also acts as a current li-
miter. When an electric current of 10 A is exceeded, the ohmic resistance of the
semiconductor switch 58 increases, so that the electric current cannot further in-
crease. Thus, by means of the semiconductor switch 58, a protection of the actua-
tor 4 as well as of other components of the switching unit 24 takes place. In sum-
mary, the switching elements 54 are inserted into the supply line 8 and are electri-

cally connected in series.

The switching elements 54 are actuated by means of the control unit 48. For this
purpose, a respective electrical supply voltage is applied to the switching elements
54 by means of the control unit 48, so that they are in the electrically conductive or
electrically non-conductive state. Moreover, the switching elements 54 are de-
signed in such a way that, by applying an electrical voltage to them, it can be que-
ried as to which switching state they are in. The state of the switching elements 54
is also interrogated by means of the control unit 48.
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Furthermore, a fuse 60 is inserted into the strand 52, which fuse 60 is thus electri-
cally connected in series with the switching elements 54. The fuse 60 is configured
as a glass tube fuse. The fuse 60 serves as a final protection in case, for example,
a fault occurs in the control unit 48, the semiconductor switch 58, which acts as a
current limiter, or other components of the switching unit 24. When the fuse 60 is
tripped, it is destroyed and thus the strand 52 is disconnected. As a result, an elec-
trical power supply to the actuator 4 from the supply network 12 is interrupted.

The ground line 10 also runs through the switching unit 24, which is thus inserted
into the ground line 10 of the actuator 4. An additional switching element 62, which
in this example is designed as a mechanical switch, namely as a contactor, is in-
serted into the ground line 10, so that this can also be interrupted. The additional
switching element 62 is also actuated by means of the control unit 48, wherein,

moreover, the state of the additional switching element 62 can be interrogated.

During operation, a request for actuation of the actuator 4 is transmitted from the
controller 16 via the second bus system 36 to the control device 22 of the assem-
bly 18. For this purpose, a safe protocol is used, and the request is generated
based on the execution of a safe function, namely STO ("safe torque off"), for
example. The request is processed by means of the control module 30 and first
verified. Subsequently, it is derived therefrom which of the switching elements 54
is to be actuated. It is also verified whether the additional switching element 62 is
to be actuated. When the actuator 4 is to be disconnected from the supply network
12, the command is transmitted via the second bus system to the control unit 48 to
actuate first the semiconductor switch 58 and subsequently after that the mechani-
cal switches 56 of the strand 52. Following this, the additional switching element
62 is to be actuated. The corresponding request is received by means of the con-
trol unit 48 and verified by the latter. Following this, the semiconductor switch 58 is
first transferred to the electrically non-conductive state by means of suitable appli-
cation of an electrical voltage thereto. When this is done, the mechanical switch 56
is opened by means of the control unit 48, for which purpose a suitable electrical
voltage is applied thereto. Following this, the additional switching element 62 is ac-
tuated and thus the ground line 10 is also disconnected. As a result, the actuator 4
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is completely galvanically isolated from the supply network 12. Due to the se-
quence, no electric arc is generated at the mechanical switches 56 and also at the
additional switching element 62, which is why a comparatively large number of
switching operations can be carried out.

If the process parameters specify that the actuator 4 is energized, a corresponding
request is transmitted to the control device 22 by means of the controller 16.
There, the request is first verified, and following this, by means of the control mo-
dule 30, the request is transmitted to the control unit 48 to first close the additional
switching element 62 and subsequently to close the mechanical switch 56. Follo-
wing this, the semiconductor switch 58 is to be transferred to the electrically con-
ductive state. Thus, also in this case, the formation of an arc is prevented, and fol-
lowing this the actuator 4 is electrically contacted with the supply network 12.

Thus, the switching unit 24 is operated by means of the control device 22.

Furthermore, the switching unit 24 has sensors not shown in more detail, by
means of which the electrical current conducted by means of the strand 52 and the
electrical potential conducted therewith are monitored. The sensors are read out
by means of the control unit 48 and are, for example, integrated into the switching
elements 54 or at least one of the switching elements 54 or are a separate compo-
nent. If the electric current and/or the electric potential and/or a respective change
thereof is greater than a certain limit value, at least one of the switching elements
54, in particular all of the switching elements 54, is actuated by means of the con-
trol unit 48, so that they are transferred to the electrically non-conductive state.

Thus, the switching unit 24 also acts as a circuit breaker.

Since the control module 30, the bus systems 36, 44 and the control device unit
have a redundant design and a plurality of switching elements 54 are present, the
assembly 18 fulfills a certain safety level, wherein the individual components of the
assembly 18 are matched to each other. During assembly, only a comparatively
small amount of cabling is required.
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In a variant of the system 2 shown in Figure 1, which is not shown in more detalil,

the semiconductor switch 58 and/or the fuse 60 are not present.

Figure 2 shows a modification of the assembly 18, in which only the switching unit
24 is modified. The switching unit 24 has a further strand 64, which is identical in
construction to the strand 52. Thus, the further strand 64 has three further swit-
ching elements 66, one of which corresponds to each of the switching elements
54, and which are electrically connected to each other accordingly. The further
switching elements 66, two of which are mechanical switches and one of which is
a semiconductor switch in the form of a MOSFET, are also actuated by means of
the control unit 48, and by means of the control unit 48 a state of the further
switching elements 66 during operation is also read out. Further, a further fuse 68
is provided in the further strand 64, which carry out the same function in the further
strand 64 as the fuse 60 in the strand 52.

The further strand 64 is inserted into a further supply line 70 of a further actuator
72. The further actuator 72 further has a further ground line 74, into which the
switching unit 24 is also inserted. Thus, the switching unit 24 has a further addi-
tional switching element 76 corresponding to the additional switching element 62.
The further ground line 74 is guided against ground 14 and is suitably contacted
with the ground line 10 for this purpose. In this case, the further additional swit-
ching element 76 is arranged between the further actuator 72 and the electrical

connection with the ground line 10.

During operation, the further switching elements 66 and the further additional
switching element 76 are also actuated by means of the control unit 48 in depend-
ence of requests/commands specified on the part of the controller 16. The electri-
cal current/the respective electrical potential applied by means of the further line
64 and the further ground line 74 is also monitored.

In a variant of the system 2 shown in Figure 2, which is not shown in more detail,
the further fuse 68 is not present. Also, for example, the further strand 64 is free
from semiconductor switches, with the strand 52 having the semiconductor switch
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58. In a further alternative, the strand 52 also does not have the semiconductor
switch 58.

Figure 3 shows a further variation of system 2, where the assembly 18 is based on
the embodiment shown in Figure 1. Thus, the switching unit 24 and the power sup-
ply 20 are unchanged. However, just as in the embodiment shown in Figure 2, the
further actuator 72 is present, which has the further ground line 74 as well as the
further supply line 70. Additionally, there is a further switching unit 78, which is
constructed in the same way as the switching unit 24. However, the further swit-
ching unit 78 is inserted into the further supply line 70 as well as the further ground
line 74. The switching unit 24 is only inserted into the supply line 8 as well as the
ground line 10. Thus, one of the switching units 24, 78 is assigned to each of the

actuators 4, 72.

The further switching unit 78 is also electrically connected to the power source 26
of the assembly 18 and is thus supplied with electrical energy by means of the
power supply 20. The first bus system 44 is also extended, so that both switching
units 24, 78 are now connected to the control device 22 in terms of signal techno-
logy. In this case, the two switching units 24, 78 are each configured as a slave.

If a request/command to change the operation of the actuators 4, 72 is created by
means of the control device 22, this is received by means of the control device 22
and verified there. Following this, the control module 30 determines, which of the
switching units 24, 78 is to be actuated. Depending on this, a corresponding com-
mand, as already described for Figure 1, is fed to the respective control unit 48 in
the first bus system 44. Thus, both switching units 78 are actuated by means 24,of

the control device 22.

The invention is not limited to the embodiments described above. Rather, other
variants of the invention can also be derived therefrom by expert without leaving
the object of the invention. Furthermore, in particular, all individual features de-
scribed in connection with the individual embodiment examples can also be com-

bined with each other in other ways without leaving the object of the invention.
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List of reference signs

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48
50
52
54
56
58
60
62
64

system

actuator

supply line

ground line

supply network
ground

controller
assembly

power supply
control device
switching unit
power source
power connection
control module
second connection
second bus line
second bus system
subsection

first connection
first bus line

first bus system
connection

control unit

part

strand

switching element
mechanical switch
semiconductor switch
fuse

additional switching element
further strand



66
68
70
72
74
76
78
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further switching element

further fuse

further supply line

further actuator

further ground line

further additional switching element

further switching unit
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Claims

. System (2) with a controller (16) and with an actuator (4) as well as with an

assembly (18) for providing functional safety, the assembly (18) having a
switching unit (24), which is inserted into an electrical supply line (8) of the
actuator (4) and is operated by means of a control device (22) of the as-
sembly (18), which is connected to the controller (16) in terms of signal

technology.

. System (2) according to claim 1,

characterized in
that the switching unit (24) has a number of switching elements (54), which

are electrically connected in series and are inserted into the supply line (8).

. System (2) according to claim 2,

characterized in
that two of the switching elements (54) are each a mechanical switch (56).

. System (2) according to claim 2 or 3,

characterized in
that one of the switching elements (54) is a semiconductor switch (58).

. System (2) according to one of claims 2 to 4,

characterized in
that the switching unit (24) has a fuse (60), which is electrically connected

in series with the switching elements (54).

. System (2) according to one of claims 2 to 5,

characterized in
that the switching unit (24) has a control unit (48), by means of which the
switching elements (54) are actuated.

. System (2) according to one of claims 1 to 6,
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characterized in
that the switching unit (24) has an additional switching element (62), which
is inserted into a ground line (10) of the actuator (4).

8. System (2) according to one of claims 1 to 7,

characterized by
a further actuator (72) with a further supply line (70), the switching unit (24)
having a number of further switching elements (66), which are electrically
connected in series and are inserted into the further supply line (70), or the
assembly (18) having a further switching unit (78), which is inserted into the

further supply line (70) and is operated by means of the control device (22).

9. System (2) according to one of claims 1 to 8,

characterized in
that the control device (22) and the switching unit (24) are connected by
means of a first bus system (44) in terms of signal technology, the control
device (22) being configured as a master of the first bus system (44).

10.System (2) according to one of claims 1 to 9,
characterized in
that the control device (22) and the controller (16) are connected by means
of a second bus system (36) in terms of signal technology, the control de-

vice (22) being configured as a slave of the second bus system (36).

11.Assembly (18) for providing functional safety according to one of claims 1 to
10.

12.Switching unit (24) according to one of claims 1 to 10.



