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Valve Actuating Drive

[0001] The invention relates to a valve actuator for valves, stopcocks, gates

or dampers with a self-closing function.

[0002]  In order to actuate fluid valves, gates, dampers and the like, electric
drives are known for example from DE 102 48 616 A1, in which the actuating
movement of the valve closure member is produced by an electric motor. There,
a closing spring is provided, which closes the valve in the event of a power fail-
ure. The closing force of the closing spring is of such a magnitude that it over-
comes the deceleration torques produced by friction and other influences in the
motor and gearing and transfers the valve closure member into the closed posi-
tion when the motor is in the currentless state. In the case of gas applications,
this process should usually be completed within a limited period of time, for
example approximately 1 second. On the other hand, overloading of the valve
seat and of the valve closure member during the closing process must be reliably
prevented, because this overloading can lead to damage of the valve and there-
fore to a lack of functionality. The kinetic energy that acts as the valve closure

member contacts the valve seat must therefore be limited.

[0003]  To this end, an electromotive valve actuator is known from EP 2 228
573 B1, in which the gearing contains a chain, via which the valve closure
member is pulled into the open position against the force of a closing spring.
The chain conveys pull forces, but not push forces to the valve closure member,

and it therefore, during the dynamic closing process, separates the motor-
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gearing unit, which is in the process of slowing down, from the closure member
contacting the valve seat. The functionality of this principle is provided at any
rate if the motor of the actuator does not experience excessively long post-
running. This means that the force of the closing spring and the length of the
chain have to be coordinated with one another. Should identical valve actuators
be used on various valves having different closing forces, this principle has its
limits. Should there be excessive post-running, there is always a tolerance that
has to be compensated for in order to be ready for the next opening process. If
requirements are placed on the availability time, the sole use of an overrun

therefore is not expedient.

[0004]  Furthermore, a simple short-circuit assembly for braking permanently
excited brushless DC motors is known from DE 35 31 262 Al. The brushless
DC motor is connected via a switchover relay either to a direct voltage source or
to a short-circuit branch. If the damping circuitry is activated, the brushless DC
motor post-running in generator operation is short-circuited, such that its kinetic
energy is converted into heat in the technically necessary ohmic resistor of the

motor and the short-circuit assembly. The motor stops abruptly.

[0005] The object of the invention is to create a valve actuator which can be
used on valves or dampers of varying size and which provides reliable self-

closing.

[0006] This object is achieved with the valve actuator according to claim 1:

[0007]  The valve actuator according to the invention comprises a permanent-

ly excited stepper motor with typically two or more windings, which each have
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a certain inductance and a certain ohmic resistance. The valve actuator also in-
cludes a gearing, via which the stepper motor can be connected in terms of drive
to the valve closure member so as to move this closure member away from a
valve seat in an opening direction and towards the valve seat in a closing direc-
tion. In order to implement an automatic self-closing function, a spring means is
provided. This is connected directly or indirectly to the gearing in order to pre-
load the connected valve closure member in the closing direction and move it in

the closing direction in the event of a power failure.

[0008] The winding of the motor is connected to a feed circuitry, which can
move the motor in a controlled manner in the opening direction, overcoming the
force of the closing spring, and can hold said motor in predefined positions. In
addition, a damping circuitry is provided which comprises a capacitive damping
circuit. This capacitive damping circuit is designed to decelerate the motor run-
ning in generator operation (during the closing movement), in a speed-
dependent manner. In order to be able to switch over between drive and damp-
ing, a switchover device is provided. This connects either the feed circuitry or
the damping circuitry to the winding. The switchover is preferably performed at
a time at which it is not energised. The switchover in the currentless state can be

implemented by the control device, which controls or adjusts the motor current.

[0009]  The capacitive damping circuit together with the inductance of the
winding of the stepper motor during damping operation forms a resonance as-
sembly, which is excited by the rotating rotor running in generator operation.
The resultant current acts in a damping manner on the rotation of the rotor. The

damping effect is dependent non-linearly on the rotor speed and increases over-
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proportionally as said speed rises. The damping circuitry thus ensures inde-
pendently, without external control intervention, that the motor speed during the
closing process is dependent only to a very small extent on the force of the clos-
ing spring, such that on the one hand a speed that is not too great is provided and
therefore not too much kinetic energy is provided in the motor and gearing, and

on the other hand fast closing can be achieved reliably.

[0010]  Each of the windings of the stepper motor is preferably connected in
the aforesaid way via a switchover device to a feed circuitry and for damping to
a damping circuitry with capacitive damping circuit. All windings of the stepper
motor are therefore preferably used for damping. The desired damping can be

adjusted with the number of the loaded phases.

[0011]  The switchover devices are preferably operated synchronously, i.e.
either all windings are connected to their feed circuitries or all windings are
connected to their damping circuitries. The switchover devices are preferably
those with mechanical contact, for example a switchover relay. The normally
closed contact of the switchover relay in question preferably leads to the damp-
ing circuit, whereas the normally open contact leads to the feed circuitry. As
soon as the switchover relay is currentless, i.e. drops out, the damping circuitry
is activated. The damping circuitry is thus reliably active in the event of a power

failure.

[0012]  The capacitive damping circuit preferably contains a capacitor, which
via the switchover device forms a loop with the winding of the stepper motor,

which loop is a resonance circuit. The ohmic resistance of the winding and iron
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losses of the iron circuit of the stepper motor constitute a damping of this reso-
nance circuit and determine the quality factor thereof. The quality factor is pref-
erably such that it is at least greater than five, preferably greater than ten, and
more preferably greater than twenty. A relatively steep resonance curve of the
resonance arrangement is thus achieved, which in turn results in a heavily non-
linear deceleration torque-speed characteristic curve of the motor. A heavily
non-linear characteristic curve of this kind leads to a well-defined motor speed

during the damping process.

The damping device and the spring means are preferably dimensioned and coor-
dinated with one another in such a way that the motor speed during the closing
process is five to fifteen times, preferably ten times the speed when opening the
valve. The damping device can be designed on the basis of the energy remaining
in the system once the valve has been closed, said energy being dependent on
the quick-closing speed. This energy drives the motor and the gearing in the
slowing-down phase once the valve closure member has been placed against the
valve seat. Should the slowing down be limited in order to minimise the availa-
bility time for the next opening process, an end stop can be provided for the
valve-side gearing output. The impact of the gearing output against the end stop
has a pulse, the height of which is preferably such that the gearing does not ex-
perience any loading, there also being a lack of loading in normal operation. On
the other hand, the closing speed and therefore the motor speed is it least so high
that the maximum closing time in view of the closing path is in any case under-

shot.
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[0013]  The coordination relates here fundamentally to the configuration of
the damping device. The choice of the spring means and the magnitude of the
spring force thereof are relatively uncritical. The valve actuator can therefore be
used readily for various closing springs, without requiring adaptation or modifi-
cation. The closing speed is preferably set by the size of the capacitor in the ca-

pacitive damping circuit.

[0014]  In order to keep the kinetic energy, present in the motor and gearing
in spite of the motor running in a damped manner, away from the valve closure
member and the valve seat as the valve closure member is placed against the
seat, a gearless unit can be provided between the gearing and the valve closure
member. This gearless unit is preferably formed by a flexible tension means, for
example a chain. The damping circuitry brings about a merely short slowing
down of motor and gearing, which can be limited to a fraction of a full revolu-
tion of a chain wheel for the chain. In this way, it is possible to work with short
chains and short slowing-down zones, whereby the size of the valve actuator can

be reduced to a minimum.

[0015]  In accordance with the invention a method for operating a valve actu-
ator is additionally provided. The particular feature of the method lies in particu-
lar in the damping of the stepper motor of the valve actuator by means of a
damping circuitry with resonance characteristic. The resonance arrangement
formed of motor winding and capacitive damping circuit operates during the
damping preferably in sub-resonant operation, i.e. the frequency of the generat-
ed current lies below the resonance frequency of the resonance arrangement. In

this way, a heavily non-linear deceleration torque-speed characteristic curve is
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achieved, with which the deceleration torque rises very significantly overpropor-

tionally with rising speed.

[0016] Details of embodiments of the invention are the subject of the draw-

ings, the description, or dependent claims. In the drawings:

[0017]  Figure 1 shows a valve actuator with connected valve, in a

very heavily schematised overview;

[0018]  Figure 2 shows the valve actuator, in a schematised and

simplified circuit diagram;

[0019]  Figure 3 shows a spring characteristic curve of the closing

spring of the valve according to Figure 1;

[0020] Figure 4 shows a graph illustrating the resonance character-

istic of the damping circuitry; and

[0021]  Figure 5 shows the deceleration torque produced by the

resonance circuitry in the form of the graph.

[0022]  Figure 1 shows a valve actuator 10, which is intended for actuation of
a valve 11, by means of which a gas stream entering at its input 12 and exiting at
its output 13 can be enabled, blocked or also adjusted. To this end, a valve seat
15 is arranged in the valve housing 14 and is paired with a valve closure mem-
ber 16. The valve closure member is arranged movably so as to be able to close
or release the valve seat 15 as necessary. In the exemplary embodiment accord-
ing to Figure 1 the valve closure member moves parallel to the opening axis of

the valve seat 15 — the valve is a poppet valve. The valve actuator 10, however,
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can be used equally in other valve types, which are referred to as gates, dampers
or the like and in which the closure member for example is moved at a right

angle to an opening axis of an opening.

[0023]  The valve closure member 16 is paired with a closing spring 17,
which preloads the valve closure member 16 in the closing direction, i.e. to-

wards the valve seat 15.

[0024]  The valve actuator 10 includes a permanently excited stepper motor
18, which is connected via a gearing 19 to the valve closure member 16. The
gearing 19 is a reduction gearing which has at least one gearwheel 21 meshing
with a motor pinion 20. Further gearwheels meshing with one another can be
connected, said gearwheels forming a force transmission path. This is indicated
purely schematically in Figure 1 by a dashed line. The force-transmission path
can comprise rotating gearing elements and in particular also linearly movable
gearing elements, for example gear racks, threaded spindles or, as shown by way
of example in Figure 1, a flexible tension means, such as a chain 22. This is
connected at one end to a chain wheel 23 and at its other end to the valve closure
member 16. Instead of a chain, other elements could also be used, however, such

as flexible wires, cables, belts or the like.

[0025]  The chain 22 forms a connection that has high tensile strength, but
low shear strength and allows movement of the chain wheel 23 in a push direc-
tion, without movement of the valve closure member 16. It thus forms a gearless

unit. Instead of a flexible tension means, the gearless unit can also be formed by
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a connection, with play, of two gearing members, such as a driver sitting in a

slot.

[0026]  The stepper motor 18 is connected to an operating circuitry 24, which
is shown in part in Figure 2. As can be seen, the stepper motor 18 typically has a
plurality of windings, for example two windings 25, 26, which are used to con-
struct a rotary field for rotation of the permanently excited rotor 27. To this end,
a feed circuitry 28 is provided for each winding 25, 26 and is shown in Figure 2
merely by way of example and representatively for all feed circuitries for the
winding 26. The feed circuitry 28 is used to provide a controlled, variable cur-
rent for the winding 26 in order to excite said winding in phase with the other
windings 25 and to establish a field which determines the movement or also the
position of the rotor 27. To this end, the feed circuitry 28 for example comprises
a switch bridge 29 with four electronically controlled switches, for example
MOSFET transistors, IGBTs or the like, which are operated in a manner con-
trolled by a control circuitry 29. This control circuit can also detect and adjust
the current flowing in the winding 26 via a current sensor arrangement 30. The
control circuitry 29 can also control the inverter bridges (not shown in further
detail) for the other winding and can control and/or adjust the current of said

winding.

[0027]  The current delivered from the inverter bridge is fed to the stepper
motor 18 via a switchover device 31 controlled for example by the control de-
vice 29. This switchover device is formed for example by a switchover relay, the
tongue 32 of which in the currentless (de-energised) state of the relay is con-

nected to a normally closed contact 33 — and in the energised (excited) state is
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connected to a normally open contact 34. The switchover of the switchover de-
vice is preferably performed in the currentless state. For example, the control
device 29 by means of the resistance 30 monitors the motor current and switches
over the switchover device 31 only when the current flowing through it has
dropped below a limit value. This can be the case with sufficient de-energisation
of the motor 18. In addition, it can be provided that the control device 29 still
switches over the switchover device 31 in spite of current being present, if oth-

erwise the maximum closing time would be exceeded.

[0028] The winding 26 is connected by one end 35 to the contact tongue and
by said contact tongue to the inverter bridge. By its other end 36 the winding 26
is directly connected to the inverter bridge. The end 36 is additionally connected
to a capacitive damping circuit 37, the other end of which rests against the nor-
mally closed contact 33. The capacitive damping circuit 37 contains at least one
capacitor 38 and possibly further components, such as capacitors, resistors or
inductive elements connected in parallel or in series, and possibly also non-

linear components, such as diodes or Z-diodes.

[0029]  The capacitive damping circuit 37 is connected in parallel to the
winding 26 when the switchover relay (switchover device 31) is de-excited,
such that a resonance arrangement LCR formed from the inductance L of the
winding 26, the capacitance of the capacitor 38, and the internal resistance R of
the winding 26 is formed. The possibly frequency-dependent internal resistance
R can also additionally represent the iron losses of the motor and other losses.

The resonance arrangement LCR preferably has a high quality Q for example of

10
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more than 20, since the resonance frequency is defined more clearly with rising

quality:

[0030] The resistance R lies preferably in the region of a few ohms, for ex-
ample 4 to 8 Q, the inductance L lies preferably in the region of a few mH, for
example 10 to 20 mH, and the capacitance C lies preferably in the range of a

few hundred nF, for example 330 nF.

[0031]  The valve actuator 10, to the extent described, works on the valve 11

as follows:

[0032] Tt is firstly assumed that the valve 11 is to be opened. To this end, the
control circuitry 29 is prompted to activate the connected inverter so as to sup-
ply current pulses to the windings 25, 26 via the switchover device 31, which
current pulses rotate the rotor 27 in the desired direction until the desired posi-
tion of the valve closure member 16 is reached after a predefined number of
steps. In this state the windings 25, 26 can continue to be energised in this way,
such that a magnetic field that is no longer rotating is maintained in the stepper

motor 18, so as to hold the rotor 27 in the predefined position.

[0033]  The controlled adjustment or also closing of the valve 11 is normally
performed likewise by means of the control circuitry under controlled energisa-

tion of the windings 25, 26 by appropriate activation of the inverter bridges. A

11
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magnetic field rotating backwards is created, which can then rotate the rotor 27
backwards and possibly also back into other positions to a standstill. The closing
spring 17 with these actions always has the function of holding taut the chain 22
or another tension means, such as a cable, a belt or the like, and preloading it in
the direction of closure of the valve 11. It does not cause the closure, however.
This is to be distinguished from the currentless state with closed valve and fast
closing so as to transfer the valve 11 in the event of currentless actuator 10 in a

controlled manner into the closed position. The latter is performed as follows:

[0034] In the currentless state the energy available to the control circuitry 29
is no longer sufficient to maintain controlled motor operation. A fast-closing
pulse can be triggered by switching off the supply voltage of the valve actuator
10. In this case, the switchover relay drops out, i.e. the switchover device 31
produces a connection between the tongue 32 and the normally closed contact
33. Here, the control circuitry 29 can still be in operation, such that it prompts
the disconnection of the switchover relay. Alternatively, the drop-out, i.e. de-
energisation of the switchover valve can also be implemented simply by the
omission of the operating voltage. The switchover device 31 is preferably con-
trolled such that a switchover into the currentless state occurs and therefore the
contacts of the switchover device are looked after. In this way, the capacitive
damping circuit 37 is in any case connected to the winding 26. At the same time,

other damping circuits are connected to the other windings.

[0035] The closing spring 17 now forces the valve closure member 16 into
the closed position and in so doing drives the stepper motor 18 via the gearing

19. This motor runs at increasing speed and in so doing generates a voltage in

12
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the windings 25, 26. In the resonance circuit LCR an oscillating current is pro-
duced. This process extends over the entire closing path of the valve 11. The
circuit frequency o of this oscillation lies here preferably below the resonance
frequency of the resonance circuit LCR, the resonance characteristic curve of
which is shown in Figure 4. The working point I lies on the left, low-frequency
branch of the resonance characteristic curve. A current acting in a decelerating
manner is created accordingly, which according to the graph in Figure 5 causes

a deceleration torque M.

[0036]  The correlation between the generator voltage U and the (circuit) fre-
quency o is heavily non-linear at the working point I in accordance with Figure
4. This results in an even heavier non-linear deceleration torque curve according
to Figure 5. As can be seen, the deceleration torque increases or decreases over-
proportionally with small changes to the speed, which results in correspondingly
small changes to the circuit frequency o of the generator voltage generated by
the stepper motor 18. This has a very significantly speed-stabilising effect on

various forces acting on the valve closure member 16.

[0037] In this way it can be ensured that the stepper motor 18 runs quickly
enough to close the valve 11 within a maximum time and on the other hand not
too quickly to limit the kinetic energy present in the system. Here, this process is
hardly dependent on the spring characteristic curve II shown in Figure 3. This
can be steep or flat. In any case, however, it does not run through the zero point,
and therefore a closing force is still present even if the valve closure member 16

is sitting on the valve seat 15.

13
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[0038]  The operating regime of the valve 11 and its actuator 10 can also be
limited to a simple opening and closing. To this end the motor 18 when the ac-
tuator 10 is energised can be moved into the open position and held there. For
disconnection, i.e. closure of the valve, the energisation is interrupted. The valve
is then closed in that the motor 18, driven by the closing spring 17, runs in the
closed position in generator operation with speed control by the resonance ar-

rangement LCR.

[0039]  The valve actuator 10 according to the invention has a damping cir-
cuitry with capacitive damping circuit 37, which is activated with generator op-
eration of the stepper motor 18. The damping circuitry together with the motor
winding 26 forms a resonance arrangement LCR, which acts in a speed-
stabilising and -regulating manner. The speed of the stepper motor 18 running in
generator operation is kept constant within limits, more specifically without con-
trol intervention of a control circuitry. The damping circuitry is thus also opera-
ble in the currentless state of the controller and is reliable regardless of the ex-
ternal power supply. Fast closing is achieved and excessive post-running of the
motor 18 is also reliably prevented. On the one hand the maximum closing time
can be reliably undershot, and on the other hand the post-running path is limited
by a stop, and the contact energy at the stop is reliably limited to a permissible

extent.

14



Reference signs:

10 valve actuator

11 valve

12 input

13 output

14 valve housing

15 valve seat

16 valve closure member
17 closing spring

18 stepper motor

19 gearing

20 motor pinion

21 gearwheel

22 chain

23 chain wheel

24, 24a operating circuitry
25,26 windings

27 rotor

28 feed circuitry

29 control circuitry

30 current sensor circuitry

15




31 switchover device

32 tongue

33 normally closed contact

34 normally open contact

35,36 winding ends of the winding 26

37,37a damping circuitry, capacitive damping circuit

38 capacitor

C capacitance

L inductance of the winding 26

R loss resistance, internal resistance of the winding 26
LCR resonance circuit

I working point

U generator voltage at winding 26

® circuit frequency

F force

X path

M deceleration torque

II spring characteristic curve

S sum of the forces in the valve actuator 10 acting in an inhibiting

manner
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Claims:

1. A valve actuator (10), in particular for valves (11) or dampers with self-

closing function, wherein the valve actuator comprises:

a permanently excited stepper motor (18), which comprises at least two

windings (25, 26), which have an inductance (L) and an ohmic resistance

R),

a gearing (19), via which the stepper motor (18) can be connected in
terms of drive to a valve closure member (16) in order to move this away
from a valve seat (15) in an opening direction and towards a valve seat

(15) in a closing direction,

a spring means (17), which is connected to the valve closure member

(16) in order to preload this in the closing direction,

a feed circuitry (28), which is connected to one of the windings (25, 26)

in order to energise this in order to drive the stepper motor (18),

at least one damping circuitry (37) with capacitive damping circuit (38),

and

17
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at least one switchover device (31), which is connected to one of the
windings (25, 26) and via which the winding (26) can be connected ei-

ther to the feed circuitry (28) or the damping circuitry (37).

The valve actuator according to claim 1, characterised in that a further
damping circuitry (37a) with capacitive damping circuit and a further
switchover device are provided, wherein the further switchover device is
connected to the other of the windings (25, 26) in order to connect the
other winding (25) either to the feed circuitry (28a) or the damping cir-

cuitry (37a).

The valve actuator according to claim 2, characterised in that the switch-
over device (31) and the further switchover device are controlled in a

synchronously switching manner.

The valve actuator according to any one of the preceding claims, charac-
terised in that the switchover device (31) is a switchover relay with me-

chanical contact.

The valve actuator according to any one of the preceding claims, charac-
terised in that each capacitive damping circuit (37) contains a capacitor
(C), which together with the winding (26) forms a resonance circuit

(LCR).

18
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The valve actuator according to claim 5, characterised in that the reso-
nance circuit (LCR) has a quality factor (Q) that is greater than five,

preferably greater than ten, and more preferably greater than twenty.

The valve actuator according to any one of the preceding claims, charac-
terised in that the spring means (17) has a spring characteristic curve
which, in accordance with the force (F) applied by the spring means
(17), is greater at any point of the path (x) of the valve closure member
(16) than the sum of forces of the valve actuator (10) acting in an inhibit-

ing manner.

The valve actuator according to any one of the preceding claims, charac-
terised in that the spring means (17) has a spring characteristic curve
which, in accordance with the force (F) applied by the spring means
(17), is smaller at any point of the path of the valve closure member (16)
than the maximum deceleration effect M that can be applied by the

damping circuitry (37) at the resonance point.

The valve actuator according to any one of the preceding claims, charac-

terised in that the spring means (17) has a force-path characteristic curve

with positive gradient.

19
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10.

11.

12.

13.

14.

The valve actuator according to any one of the preceding claims, charac-
terised in that the damping circuitry (37) is a progressively rising decel-

eration torque-speed characteristic curve.

The valve actuator according to any one of the preceding claims, charac-
terised in that the damping device (37) and the spring means (17) are di-
mensioned and coordinated with one another in such a way that the mo-
tor speed (w) during the closing process is five to fifteen times, prefera-

bly ten times the speed when opening the valve (11).

The valve actuator according to any one of the preceding claims, charac
terised in that the gearing (19) comprises a gearless unit, whereby post-
running is made possible, during which the kinetic energy remaining in
the actuator once the valve closure member has been placed in position

can be eliminated.

The valve actuator according to any one of the preceding claims, charac-
terised in that the gearing comprises a flexible tension means in order to

move the valve closure member (16).

A method for operating a valve actuator according to claim 1, in which:

the stepper motor (18) is energised with current via the switchover de-

vice (31) in order to open the valve (11),

20
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15.

the stepper motor (31) is energised with holding current via the switch-

over device (31) in order to hold the valve (11),

the motor (18) is energised with current via the switchover device (31) in

order to close the valve (11), and

the stepper motor (18), with fast closing of the valve (11), is connected
to the damping circuitry (37) via the switchover device (31) and is oper-

ated in generator operation, and

the switchover device (31) is preferably controlled such that the winding

(26) is de-energised at the time of switchover.

The method according to claim 14, characterised in that the stepper mo-
tor (18), with fast closing at the damping circuitry (37), is operated at

such a speed that the voltage generated in the generator operation has a
frequency (o) that is lower than the resonance frequency of a resonance
arrangement (LCR) consisting of the winding (26) and the damping cir-

cuitry (37).
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