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In electrically operated valve actuators this is quite different. The torque of the
motor is proportional to the current supplied. If the rotor of a motor is stopped or
impeded, such as by the valve stem reaching a sudden stop at the end of travel, the
current in the stator windings will increase to overcome the additional torque
required to move the rotor. If the current supply to the stator is not controlled, the
stator windings will burn and the motor is destroyed. A current limiter, which is
typically electronically controlled, is required to avoid burning of the motor
windings. The primary control may be achieved by a position sensor included in
the control circuit, and which is effective for detecting the position of the valve
stem. This approach is demonstrated in EP 0 287 299, e.g., wherein a
microprocessor periodically tests the status of the valve stem of a motor operated
valve, and turns off the valve’s motor if certain predefined criteria for the valve stem
position and the valve stem load are satisfied. However, if the position sensor is
offset or otherwise fails, the current control is set aside and the motor looses

protection from overheating.

SUMMARY OF THE INVENTION

The present invention aims to eliminate the above-mentioned problem, and to
provide a fail-safe end stop detection and over-heating protection for the motor of

an electrically operated valve actuator.
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position sensor.

Although originating from the subsea industry, it will be understood that the
present invention is not limited to subsea use but is rather applicable to any kind
of electrically operated valve actuator of this type. In some applications the end
stop device of the invention may be used as a primary control means, such as in a
slab gate actuator, e.g. In other applications the end stop device may be used as a
secondary and redundant control means, such as in a choke actuator, e.g. In the
latter case, the end stop device not only protects the motor from overheating but
may also provide a means for calibration of e.g. a primary position sensor in the

valve actuator.

In one preferred embodiment, the movable member is contained between opposing
walls comprised in a valve housing or in an actuator housing, and a buffer means
is supported on each of said opposite walls. Alternatively, in a second preferred
embodiment the movable member is contained between opposing walls comprised
in a valve housing or an actuator housing, and a buffer means is supported in each
end of the movable member. In each embodiment, the housing may be part of the

actuator, or a valve housing connecting to the actuator.
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opposi ng wal ls conprised in a val ve housing or in an actuator housing, and
a buffer weaofid2p0o3upported on each of said opposite walpksasRibe608t 1 vely,
in a second preferred enbodi nrent the povabl e nenber is contained between
opposing walls conprised in a val ve housing or an actuator housing, and a

buf f er MegasyferSHBERIS (L4 regih&&céieﬁeﬁt Pat B oprakdiBle BRI loall TrdtdGhe
enbodi ment, the housing t of the actuyator, val ve . hpusi ng

connect i MOYablE ﬁ‘@r’é%?ruéf‘gﬂ Whlcmrﬁ%ﬁ?]@ﬁwwlﬁ%ﬁ?ﬁﬁbE‘bﬁ’i‘g?a"‘ FB2BGf f er

means i s wherefibd |1d)1€gl=,tr mimma.tmwnaﬁvwnmmmbhaumdespmga dlasiio t he
novabl e nber 3}\32 eferabllif1 has elasticity to return to Ol’lgl nal
F‘8H§ &5

shape wh nﬁ G FORETA! 8°VES T'ncl ude nmechani cal springs,

el asti ¢ honbgenous bodles and conpressi ble gas volunes. In a preferred

enbodi meqf, therbutd @fnﬂmﬁﬂéni ﬁ}é‘bﬁffécmé%é 0a dRVEEhIRE. SRLEhBEE BrbfelrBE,

buf fer neans conprises a set disc springs that are chosen to provide a
cont r ol | ébe pudier paganscampmses 3 fet ?f(ﬂlﬁﬁ goriggy thatAreighosen tProvEe fovabl e

nmenber, td3hsroed kMt Withi e idlie flé@gthQHCitaB&l bYﬂld3ﬁiovhBErrﬁaﬁﬁ>ek nekesir r ent
required b the not.qr durlﬁ%§the id nl%a‘travel I n th| odi nent

n
at | east e?l5P SLOYHMER PP AP UBE ETFi ﬂé’g“rﬁe&i} ﬁ&%}ge ibility
that i s dnétoedening thenidiihg tfdvekldngth tin thiis atnbodasenprae lemadlonechm spliisg

SPring, | HESE: bAukPRoRRls LA AR o IRQIIAS,A0 AHKAMAOES Bk AHloPy t he

present inventron w crate
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EMBCDI MENTS The invention is illustrated schematically in the drawing (Fig.
1). Wth reference to the drawi n a valve generally indicated by reference
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val ve housing 11 having inlet port 12 and outlet port 13 for fluid flowin
t he open position of the valve (illustrated position). The fluid flow
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is linearly movable in the housing between open and closed positions. The shifting
and positioning of the valve body 14 is accomplished by a movable stem 21, which
enters through a wall 15 of the valve/actuator housing and connects to the valve
body. The stem 21 is driven in reciprocating motion by an electrical motor 22, via
an Rotary-To-Linear-converter 23 that converts the rotary motion of the motor to a
linear motion of the stem. The motor 22 is supplied electrical power from a power
source 24 via a current control 25. The current control 25 comprises a supplied

current detection device and may also comprise a current limiter, as conventional.

The general set up heretofore described applies to many implementations of
electrically operated valve actuators. In subsea practise, the valve stem 21, the
motor 22, the Rotary-To-Linear-converter 23 as well as other components required
for a fail-safe operation of the valve actuator will typically be housed in a pressure
compensated housing connectable to the valve. A position sensor, such as an

electrical transformer used for measuring linear displacement (Linear Variable
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rise in power demand, if appropriate.

In all cases, the buffer means 30 is operative in a physical space or time window
provided in result of the movable member 14, 21 being designed for an idling
length of travel L within which the valve, at each end of travel, is either fully open
or fully closed. The idling length of travel may be realized in different ways
according to the detailed structure of the valve or the valve actuator. For example,
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appended Essantiglly, the idina lawmih9f trayeh efibeoroaia menbspgps the buffer means

at each end of travel provide in cooperation with the current control an electro-
mechanical end stop detection device that protects the motor from overheating and
provides smooth and reliable control of the motor in an electrically operated valve

actuator.

The invention is of course not in any way restricted to the embodiments described
above. On the contrary, many possibilities to modifications thereof will be apparent
to a person with ordinary skill in the art without departing from the basic idea of

the invention such as defined in the appended claims.
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wher ei n onprises a set SC sprrngs, east one
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| east one additional disc spring in the set of disc springs.

2. The actuator of claim 1, wherein the movable member (14; 21) is contained
between opposing walls comprised in a valve or actuator housing (11), and a buffer

means (30) is supported on each of said opposite walls.

3. The actuator of claim 1, wherein the movable member (14; 21) is contained
between opposing walls comprised in a valve or actuator housing (11), and a buffer

means (30) is supported in each end of the movable member.

4. The actuator of any of claims 1 to 3, wherein the buffer means (30) is an elastic

element.

5. The actuator of claim 4, wherein the buffer means (30) comprises at least one

disc spring.

6. The actuator of claim 5, wherein the buffer means (30) comprises a set of disc
springs, at least one of which has a flexibility which is different from the flexibility

of at least one additional disc spring in the set of disc springs.



