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Valve Train
[0001] The invention relates to a valve actuator which is suitable in general

for valves, but in particular for gas valves having a safety shut-off function.

[0002] In principle, motorised control valves are known, including those in
which a closing spring transfers the valve closure member into a closed position

when the motor is currentless.

[0003] For example, DE 10 2009 012 405 A1 discloses a valve actuator in
which the valve closure member is actuated by an electric motor via a gearing.
This electric motor is formed as a stepper motor and is suitable for moving the
valve closure member away from the valve seat against the force of a closing
spring and holding said valve closure member in a certain position. The gearing
is not self-locking, and therefore the closing spring can close the valve when the

stepper motor is currentless.

[0004] In the sense of a broad application of given valve types, it is often also
desired that valve actuators can be operated at variable voltages. For example,
systems exist in which the valves are to be opened with a voltage of 100 V/60
Hz. Other systems use 230 V/50 Hz to open the valves. It is desired to be able to

equip systems of this kind with uniform valves and valve actuators.
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[0005] Especially in the case of gas valves having safety requirements, how-
ever, it must not only be ensured that the valve actually closes once the voltage
has been switched off, but also in addition that the closing process is completed

within a predefined period of time.

[0006]  This results in the object of providing a valve actuator which on the
one hand can be used in a broad voltage range for example of from 100 V to 230
V and which on the other hand makes it possible to observe given maximum

closing times.

[0007] This object is achieved with the valve actuator according to claim 1:

[0008] The valve actuator according to the invention comprises an electric
motor, which is connected to a valve closure member via a gearing. In addition,
a closing spring is typically provided, which acts on the valve closure member
in the closing direction. The valve is thus closed passively without motor drive -
the electric motor is driven by the closing spring via the gearing at the time of
the closing process. For active operation of the electric motor, a voltage supply
device is provided, which comprises an input rectifier circuit with alternating
voltage input and direct voltage output, with a voltage buffer device, for exam-
ple in the form of a capacitor, for example an electrolytic capacitor, being con-
nected to the direct voltage output of said input rectifier circuit. A motor control
circuit for operating the electric motor is provided at the voltage buffer device.

The motor control circuit generates control pulses for the electric motor from the
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direct voltage provided by the direct voltage buffer device, so as to rotate the
electric motor in the opening direction or so as to hold said electric motor in a
given position. The electric motor is preferably a multi-phase stepper motor. Its
cogging torque is in any case so low that the closing spring can reliably over-

come both the cogging torque and the friction present in the gearing.

[0009] The valve actuator further contains a switch-off device, which is de-
signed to cut off the energy flow from the voltage buffer device to the motor
within a fixed time interval after elimination of the voltage applied at the input
rectifier circuit. This measure makes it possible to switch the electric motor to a
currentless state, even if the voltage buffer device is not yet discharged or is not
yet fully discharged. The possibility is thus created to design the voltage buffer
device with a capacitance that is sufficient to bridge at least one mains half-
wave, preferably a full mains period (for example 20 ms), at a minimal applied
input voltage. On the other hand, the voltage buffer device contains so much
energy in the event of a maximum applied voltage (for example 265 V), that the
electric motor, via the motor control circuit, would remain in the open position
longer than the desired maximum closing time following switch-off of the input
voltage. By means of the switch-off device, a delayed closing of this kind of the
valve as a result of high input voltage is avoided. The valve actuator according
to the invention is thus particularly robust in respect of the processable input
voltages - the closing response time of the valve is ensured within a given time
interval (for example 80 ms) independently of the magnitude of the input volt-

age. This means that the valve starts the closing process, that is to say the valve
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closure member starts to move in the direction of the valve seat, within the clos-

ing response time.

[0010] The input rectifier circuit can be a bridge rectifier circuit, for example
a Graetz bridge, at the output of which there is connected a capacitor as voltage
buffer device. The motor control circuit connected to this capacitor comprises a
corresponding direct voltage input and a motor winding output, to which for
example two or more motor windings can be connected. The voltage buffer de-
vice smooths the direct voltage delivered from the Graetz bridge, wherein the
capacitance of the buffer device is greater than a minimum value, which is de-
fined on the basis of the requirement to bridge at least one mains period or at
least one mains half-wave at minimal voltage. The actual capacitance of the

voltage buffer device can be a multiple of this minimum value.

[0011] The motor control circuit preferably contains a direct voltage convert-
er on the input side, for example in the form of a flyback converter or another
converter circuit, which feeds a DC link. An inverter is connected thereto and
feeds the motor windings and preferably also adjusts the current therein. The DC
link is preferably voltage-controlled, such that its voltage is substantially con-
stant, provided the input voltage lies in the permissible range for example of 100
— 230V, preferably plus tolerance. The voltage control can be provided by the
direct voltage converter. To this end, said direct voltage converter can comprise
a control circuitry, with a voltage sensor input, which is connected to the DC

link. In addition, the control circuitry can comprise a current sensor input in or-
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der to monitor the current in the voltage converter and switch off said current in

the event that a threshold is exceeded.

[0012] The motor control circuit can additionally contain a motor damping
circuit for the generator operation of the motor. It can thus be ensured that the
speed of the motor driven by the closing spring and running in generator opera-
tion is limited in order to limit the kinetic energy stored by the motor and so as
not to close the valve too quickly. The damping circuit can be a resonance cir-
cuit, the resonance frequency of which lies above the frequency that occurs at

the windings of the motor when said motor runs at the desired closing speed.

[0013] The switch-off device cuts off the energy flow from the voltage buffer
device to the motor and preferably comprises at least one switch, preferably a
normally closed contact. This switch is normally closed and only opens shortly
after elimination of the feed voltage of the valve actuator. However, in order to
bridge a mains failure, it must remain closed at least for a certain period of time,
for example 20 ms, preferably longer, for example 40 ms. The normally closed
contact can be disposed in the connection between the voltage buffer device and
the motor control circuit. Alternatively, the normally closed contact can be
housed in the DC link of the motor control circuit. Here, it preferably is dis-
posed in turn behind a voltage buffer (capacitor), i.e. on the motor side thereof,
which can be arranged in the voltage link. Alternatively, the switch can be pro-
vided at other points of the motor control circuit, for example on the direct volt-

age converter, in order to suppress operation thereof as soon as the switch re-
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ceives a corresponding switch-off signal. For example, the switch can short-
circuit control signals of a flyback converter switching element or can prevent
the generation thereof. To this end, a control signal of the flyback converter con-
trol circuitry can be influenced, for example at the voltage sensor input or the
current sensor input, for example in that the switch-off device feigns an overcur-

rent or an overvoltage at the corresponding current or voltage sensor input.

[0014]  Alternatively, the switch of the switch-off device can be provided in
order to switch off the operating voltage of the flyback converter control circuit-
ry, to short circuit said flyback converter control circuitry, or to short circuit the

DC link.

[0015]  Further details of advantageous embodiments of the invention will

become clear from the drawing, the description, or the claims. In the drawings:

[0016] Figure 1 shows the valve actuator according to the invention in the

form of a simplified circuit diagram,

[0017]  Figure 2 shows an optionally provided motor damping circuit for the

generator operation thereof,

[0018] Figure 3 shows a switch-off device, in a detail of a simplified first

embodiment,



[0019] Figures 4, 5 and 6 show alternative embodiments of switch-off devic-

es, in each case in a schematised detailed view, and

[0020] Figure 7 shows a more detailed view of the circuit of the valve actua-

tor according to Figure 4.
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[0021]  Figure 1 shows a valve actuator 10 for a valve 11, which comprises at
least one valve closure member 13 driven by an electric motor 12. The rotor 14
of the electric motor 12 is connected to the valve closure member 13 via a gear-
ing 15, symbolised in Figure 1 merely on the basis of two dashed lines, said
gearing also including a closing spring (not shown), which preloads the valve
closure member 13 in the closing direction, i.e. towards its valve seat 15. The
electric motor 12 is preferably a stepper motor with at least two or also more
windings 17, 18, which are connected to a voltage supply device 19. The electric
motor 12 and the voltage supply device 19 together form the valve actuator 10,
which can be attached to the valve 11 in a housing and can be controlled via an
input 20. The input 20 is bipolar. If it is without voltage, the valve 11 is closed.
When the input is energised, the valve 11 opens. Here, the input 20 is designed
for input voltages for example of from 100 V to 240 V nominal voltage (i.e. it
can be operated for example from 85 V to 265 V), such that the valve 11 is
opened when a voltage within this range is applied to the input 20. By contrast,

the valve 11 closes once this voltage is eliminated.

[0022] The voltage supply device 19, if the valve unit is intended for alternat-
ing voltage operation, includes an input rectifier circuit 21 as necessary, the al-
ternating voltage input of which is connected to the input 20 via anti-
interference and filter means 22 (Figure 7) as necessary. The input rectifier cir-
cuit can be a bridge rectifier or the like. The input rectifier circuit, in the case of
direct voltage operation, can also be replaced by a reverse polarity protection

means in the form of at least one diode, which lies lengthwise in an input line.
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The reverse polarity protection means has a direct voltage input and a direct
voltage output. Valve units for direct voltage operation can be designed for ex-

ample for a voltage range of from 12 Vto 36 V.

[0023] The direct voltage output of the input rectifier circuit 21 (or the re-
verse polarity protection means) is connected to a direct voltage circuit 23 (Fig-
ure 7), which contains a voltage buffer device 24 for example in the form of an
individual capacitor or a plurality of capacitors C. The voltage buffer device 24
is used to smooth the voltage in the direct voltage circuit 23, wherein it is pref-
erably dimensioned such that it maintains the current supply of the electric mo-
tor 12 for at least one period of the input voltage at the lowest possible applied
input voltage (for example 85 V or 100 V alternating voltage). The capacitor 24
to this end typically has a capacitance between 50 and 100 puF. However, it can

also be higher.

[0024]  The voltage buffer device 24 feeds a motor control circuit 25, which
comprises a direct voltage input 26 connected to the voltage buffer device 24.
On the output side, the motor control circuit comprises a motor winding output
27 with connections for the motor windings 17, 18. The motor control circuit 25
includes a direct voltage converter 28, which is connected to the direct voltage
input 26 and on the output side feeds a DC link 29. This can in turn contain a
buffer capacitor C1. The direct voltage converter 28 can be any suitable con-

verter, for example a flyback converter.
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[0025]  The direct voltage of the DC link 29 is converted via an inverter 30
into the currents and voltages provided at the motor winding output 27. The in-
verter 30 can be any suitable inverter, for example a full-bridge inverter with a
plurality of inverter bridges. Figure 2 shows an inverter bridge 31 of this kind
schematically for the motor winding 17. The inverter bridge 31 contains a plu-
rality of electronic switches, for example four electronic switches, which are
opened and closed such that the desired current flow is achieved in the motor
winding 17. In addition, a damping circuit 32 can be provided, which contains a
switchover means 33 and a resonance capacitor CR, in order to generate a
speed-dependent braking effect in the case of generator operation of the motor
12. To this end, the switchover means 33 is switched such that the motor wind-

ing 17 and the resonance capacitor CR form a resonance circuit.

[0026] Similar damping circuits can be provided for a plurality of motor

windings or for all motor windings.

[0027] The voltage supply device 19 includes a switch-off device 34, which
is used to cut off the energy flow from the voltage buffer device 24 to the motor
12 once the input voltage has been switched off. The energy flow can be cut off
here prior to the motor control circuit 25 or also within said circuit. The switch-
off device is thus used to de-energise the motor windings 17, 18, regardless of a
charge possibly stored in the voltage buffer device 24 when the input voltage is

switched off at the input 20.

10
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[0028] The switch-off device 34 includes a suitable switch 36, for example a
relay contact or an electronic switch, for example a MOSFET transistor, which
is controlled by the voltage applied at the input 20. To this end, a timing circuit
35 is used, which on the one hand is connected to the input 20 and on the other

hand controls the switch 36 of the switch-off device 34.

[0029] The valve actuator 10 described in this regard operates as follows:

[0030] It is firstly assumed that no voltage has been applied at the input 20
for some time. The valve closure member 13 rests on the valve seat 16 - the

valve 11 is closed.

[0031] If a supply voltage lying within a predefined voltage range for exam-
ple of from 85 V to 265 V (or also 12 V to 36 V) is now applied at the input 20,
a direct voltage builds very quickly at the voltage buffer device 24 and is ap-
plied to the motor control circuit 25 via the closed switch 36. Said motor control
circuit provides control pulses to the motor 12, such that said motor starts and
opens the valve 11 against the force of the closing spring and holds it in the

open position.

[0032] Ifthe valve 11 is now to be closed, the supply voltage applied at the
input 20 is switched off (i.e. the input 20 is without voltage). The voltage pro-
vided by the voltage buffer device 24, however, initially continues to supply the

motor control circuit 25, such that the motor 12 is initially still held in the open

11
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position. Once a holding time predefined by the timing circuit 35, for example
of some tens of ms (for example 20 or 30 ms), the timing circuit 35 opens the
switch 36, such that the motor control circuit 25 is currentless, regardless of the
residual charge provided at the capacitor C. The windings 17, 18 are thus also
currentless, and the rotor 14 of the motor 12 is now rotated backwards by the
force of the closing spring. The valve closure member moves into the closed

position.

[0033] During the closing process, the damping circuit 32 according to Fig-

ure 2 can be activated in order to prevent the rotor 14 from adopting excessively
high speeds. In this case, the capacitor CR is interconnected to the winding 17 or
18. The rotating rotor 14 excites the resonance circuit, wherein the current creat-

ed therein inhibits the rotation of the rotor 14.

[0034] By means of the use of the switch-off device 34, the capacitor C of
the voltage buffer device 24 is large, without the closure of the valve 11 being
delayed beyond a permissible extent by the storage effect. In addition, it is
achieved that the closure of the valve 11 is fixed uniformly regardless of the
magnitude of the voltage applied at the input 20. In particular, delayed closure is
avoided, as would occur otherwise with use of high input voltages on account of

the resultant long discharge time of the voltage buffer device 24.

[0035] The switch 36 of the switch-off device 34 can be arranged as a nor-

mally closed contact in the connection line between the voltage buffer device 24

12
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and the motor control circuit 25. As shown in Figure 3, the switch 36 can be a
transistor or also, if greater reliability is required, a series circuit of a plurality of

transistors 36a, 36b.

[0036] It is also possible, however, to cut off the energy flow between the
voltage buffer device 24 and the motor 12 at another point. Figure 4 to this end
shows an embodiment in which the direct voltage converter 28 has been shut
down in order to cut off the energy flow. The direct voltage converter 28 by way
of example can be formed as a flyback converter 37 with a switching element
38, which alternately releases and cuts off the current through a converter trans-
former 39. The switching element 38 is controlled by a control circuitry 40,
which for its part requires a current supply. To this end, an auxiliary winding 41
is provided at the converter transformer 39. Current is conducted from said aux-
iliary winding via a diode D and as starting aid via a resistor R to a capacitor 42,
which provides the operating voltage for the control circuit 40. The switch 36
releases the supply voltage for the control circuit 40 if the direct voltage con-
verter 28 is to be operated and blocks the voltage, i.e. switches it off, when the

direct voltage converter 28 should not deliver energy to the DC link 29.

[0037] The function of this circuit variant corresponds to that described in
conjunction with Figure 1. As soon as the operating voltage is switch off at the
input 20, the timer 35 starts to run, so as to open the switch 36 once a predefined

period of time At has elapsed and thus so as to suppress the energy flow from

13
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the voltage buffer device 24 to the motor 12 by shutting down the direct voltage

converter 28.

[0038] A modified variant is shown in Figure 5. In this figure, the switch 36
is provided in order to inhibit the control pulses of the switching element 38 as
soon as the energy flow is to be cut off. Whereas the switch 36 was opened at
the desired switch-off time in each of the previously described embodiments, it
is closed in this case. It thus short circuits the control pulses conducted via the
control signal line to the gate of the switching element 38 and suppresses the
operation of the direct voltage converter 28, to which the switching element 38

belongs.

[0039] A further variant is shown in Figure 6. There, the switch 36 belonging
to the switch-off device 34 is provided in the DC link 29, wherein it is prefera-
bly arranged between the buffer capacitor C1 and the inverter 30. In this circuit
variant the energy stored on the buffer capacitor C1 of the DC link 29 is also
kept away from the inverter 30 from the moment of switch-off, such that said
inverter for the present time ceases its operation and thus de-energises the motor

12.

[0040] Figure 7 shows further details, in particular of the timer 35, on the

basis of the exemplary embodiment according to Figure 4, with reference being

made to the description thereof in addition.

14
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[0041]  The timer 35 taps the supply voltage applied at the input 20. This tim-
er is provided via a resistor 44 at a voltage-limiting Z-diode Dz and a capacitor
45 connected in parallel therewith. For reasons of safety and reliability, two or
more capacitors 45 can also be connected in parallel with one another in all em-

bodiments.

[0042] At least one discharge resistor is connected in parallel with the capaci-
tor 45. In the present exemplary embodiment the discharge resistor is formed by
a series connection of two resistors 46, 47, which form a voltage divider. By
means of both the discharge current defined by the series connection and also
the voltage divider ratio, the moment of switch-off of a transistor 48 connected
by means of its gate to the voltage divider is determined, the source of which
transistor is connected to ground, and the drain of which transistor is connected
to the gate of the PMOS transistor 49, used as switch 36. This is conductive as
long as the voltage at the gate of the transistor 48 exceeds a switching threshold.
If, by contrast, the voltage lies below the switching threshold, the PMOS transis-
tor 49 blocks, because its gate is connected to its source connection via a resistor
50. Alternatively, a bipolar transistor can be provided instead of the PMOS tran-

sistor.

[0043] It is noted that in all described embodiments a series connection of
two or more semiconductor switches can also be provided instead of a single
semiconductor switch, and doubling of their respective control devices, in par-

ticular their timing circuits 35, can be provided in order to increase the reliabil-

15
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ity. In all described embodiments, other switches can also be provided instead of

semiconductor switches.

[0044] A valve actuator 10 that is in particular suited for gas valves 11 hav-
ing safety shut-off function comprises an electric motor 12, in particular a step-
per motor, that opens, and also closes if need be, the valve via a gearing 15. A
voltage supply device 19, which is part of the valve actuator 10, is required for
the operation of the electric motor 12. Said voltage supply device has an input
rectifier circuit 21 and a buffer device 24 connected thereto, for example in the
form of a capacitor C. From the voltage buffered by the capacitor C, a motor

control circuit 25 obtains the energy for operating the electric motor 12.

[0045] In order to prevent the valve 11 from being kept open too long after
the supply voltage at the input 20 has been switched off, a switch-off device 34
is provided, which, after elimination of the voltage at the input 20, cuts off the
energy flow from the voltage buffer device 24 to the electric motor 12. The
valve actuator can thus be designed for a very wide operating voltage range of,
for example, 85 V to 265 V, wherein, regardless of the magnitude of the voltage

used, a uniformly short switch-off time, i.e. valve closing time, is ensured.

16



Reference signs:

10 valve actuator

11 valve

12 electric motor / stepper motor
13 valve closure member
14 rotor

15 gearing

16 valve seat

17,18 windings

19 voltage supply device
20 input

21 input rectifier circuitry
22 anti-interference and filter means
23 direct voltage circuit

24 voltage buffer device

C capacitor

25 motor control circuit

26 direct voltage input

27 motor winding output
28 direct voltage converter
29 DC link

Cl buffer capacitor

17




30 inverter

31 inverter bridge

32 damping circuit

33 switchover means
CR resonance capacitor
34 switch-off device
35 timing circuit, timer
36, 36a, 36b switch, transistors
37 flyback converter
38 switching element
39 converter transformer
40 control circuit

41 auxiliary winding

D diode

R resistor

At predefined period of time
42 capacitor

43 rectifier

44 resistor

Dz Z-diode

45 capacitor

46, 47 resistors

18




48

transistor

49

P-MOS transistor

50

resistor
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Claims:

1.

A valve actuator (10), in particular for gas valves (11) having safety

shut-off function,

with an electric motor (12), which is connected to a valve closure mem-

ber (13) via a gearing (15),

with a voltage supply device (19), which:

comprises an input rectifier circuit (21), which comprises an alter-

nating or direct voltage input and a direct voltage output,

a voltage buffer device (24) connected to the direct voltage output,

a motor control circuit (25) for operation of the electric motor (12),

and

a switch-off device (34), which is designed to cut off the energy
flow from the voltage buffer device (24) to the electric motor (12)
within a defined time interval (At) after elimination of the voltage

applied at the input (20).

20
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The valve actuator according to claim 1, characterised in that the input
rectifier circuit (21) is a bridge rectifier circuit or at least a reverse po-

larity protection diode.

The valve actuator according to either one of the preceding claims, char-

acterised in that the voltage buffer device (24) is a capacitor (C).

The valve actuator according to any one of the preceding claims, charac-
terised in that the voltage buffer device (24) comprises a buffer capaci-
tance which is sufficient at least to bridge an input voltage period at min-

imal input voltage.

The valve actuator according to any one of the preceding claims, charac-
terised in that the motor control circuit (25) comprises a direct voltage

input (26) and a motor winding output (27).

The valve actuator according to any one of the preceding claims, charac-
terised in that the motor control circuit (25) on the input side comprises a
direct voltage converter (28), which feeds a DC link (29), and on the side

of the motor winding output (27) comprises an inverter (30).

The valve actuator according to claim 6, characterised in that the direct

voltage converter (28) is a switching converter, in particular a flyback

converter.

21
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10.

11.

12.

The valve actuator according to claim 7, characterised in that the flyback
converter comprises a control circuit (40) for controlling a flyback con-

verter switching element (38).

The valve actuator according to any one of the preceding claims, charac-
terised in that the motor control circuit (25) on the side of the motor
winding output (27) comprises a motor damping circuit (32) for the gen-

erator operation of the motor (12).

The valve actuator according to any one of the preceding claims, charac-
terised in that the switch-off device (34) contains a timer (35), which is
designed to generate a switch-off signal once the time interval (At) has

elapsed.

The valve actuator according to any one of the preceding claims, charac-
terised in that the switch-off device (34) comprises a switch (36), which
is arranged between the buffer device (24) and the motor control circuit

(25).

The valve actuator according to claim 6, characterised in that the switch-

off device (34) comprises a switch (36), which is arranged between the

direct voltage converter (28) and the motor control circuit (30).

22
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14.

15.

The valve actuator according to claim 8, characterised in that the switch-
off device (34) comprises a switch (36), which is connected to the con-
trol circuitry (40) of the flyback converter switching element (38) in or-

der to block operation thereof.

The valve actuator according to claim 6, characterised in that the switch
(36) is connected to a control signal line in order to control a flyback

converter switching element (38).

The valve actuator according to claim 8, characterised in that the switch

(36) is connected to an operating voltage supply line of the circuitry (40)

in order to control the flyback converter switching element (38).
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