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(57) Abstract: The invention relates to a method, a device and a computer pro-
gram product for determining a position of a valve closure element moved by a
rotatable valve actuator shaft. The valve may be a non-rising stem valve, e.g. in-
cluded in a oil and/or gas surface wellhead. The actuator shaft may be manually
rotatable by a handwheel attached to the shaft. The device comprises an inertial
sensor device, e.g., an accelerometer or a gyroscope, attached to the rotatable
valve actuator shaft, providing movement data, e.g. acceleration or angular velo-
city data. The device farther comprises a processing device, configured, to pro-
cess the movement data to obtain the position of the valve closure element
moved by the rotatable valve actuator shatt. Data representing the obtained posi-
tion of the valve closure element may be transmitted to an external monitoring
device or displayed to an operator.
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METHOD FOR DETERMINING A POSITION OF A VALVE CLOSURE ELEMENT
MOVED BY A ROTATABLE VALVE ACTUATOR SHAFT

TECHNICAL FIELD

The invention relates to a method, a deviee and a computer program product for
determining a position of a valve closure element rooved by a rotatable valve actuator

shaft.
BACKGROUND

In the field of manually operated fluid valves, in particular valves with a rotatable valve
actuator shaft, e.g. so-called non-rising stem valves, an operator is generally unable to
determine, in a rehiable way, the position of the valve closure element during operation of
the valve. Typically, the operator relies on haptic teedback to identify when the gate is at
an end point. This leaves position determination open to interpretation as to whether the
gate 1s i a {ull open, closed or simply impeded somewhere in between, for instance doe
to scale, wax or sand build up 1o the valve. Issues can occur in the field when a valve can
be misinterpreted as stuck when it is actually at an end stop. The valve can be over
torqued, causing the stem to break. If the gate is interpreted as being in a full open
position when it is partially stroked the well can end up producing through a restricted

bore, limiting production and leaving the gate more susceptible to erosion,

EP 0 872 676 discloses an electronic position indicator apparatus for a valve, A
potentiometer converts the rotary movement of a rotatable handwheel to an electrical
signal, providing position indication of the valve. A disadvantage of this apparatus is that
the rotatable potentiometer shaft must be mechanically connected to the handwheel, while
the potentiometer body must be secured to the non-rotatable part of the valve. In

particular, this solution is not well-sutted for retrofitting to an existing valve.

Hence, there is a need for an improved method and device for determining a rotational

state of a rotatable shaft.
SUMMARY OF THE INVENTION

The invention provides a method for determining a position of g valve closure element

moved by a rotatable valve actuator shatt, comprising providing movement data by an
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mnertial sensor device attached to the rotatable valve actoator shaft, and processing the
movement data to obtain the position of the valve closure element, This leads, i.a., to the
advantage that no equipment needs to be attached to the non-rotary part of the valve,
tmproving reliability and ease of manufacturing and installation, and reducing costs.

Also, it facilitates retrofitting to an already existing valve.

In an aspect, the inertial sensor device comprises an accelerometer, and the movement
data comprises acceleration data. In another aspect, the inertial sensor device comprises a
gyroscope, and the movement data comprises angular velocity data. Both alternatives
provide for reliable, accurate measureraents and a low cost, robust inertial sensitive

device.

The processing of movement data may include counting a number of rotations of the

mertial sensor device. This enables, 1.2, monitoring of mylti-turn valves,

The processing of movement data may further include determining a direction of each
rotation of the inertial sensor device. This enables, 1.a., monttoring of the valve when

operated in both rotational directions by an operator.

In an aspect, the method further comprises transmitting, to a monitoring device, data
representing the position of the valve closure element. This enables remole mounitoring

and/or condrol.

The method may further comprise displaying, on a display device, data representing the

position of the valve closure element. This enables direct feedback to the operator.

The invention also relates to a device for determining a position of a valve closure
element moved by a rotatable valve actuator shaft, comprising:

- an fnertial sensor device attached to the rotatable valve actuator shaft, providing
movement data, and

- a processing device, configured o process the movement data to obtain a position of the

valve closure element moved by the rotatable valve actuator shaft.

This leads, 1.a., to the advantage that no equipment needs to be attached to the non-rotary
part of the valve, improving reliability and case of manufacturing and installation, and

reducing costs. Also, it facilitates retrofitting to already existing valves.
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The nertial sensor device may comprise an accelerometer, and the movement data may
comprise acceleration data. Alternatively, the inertial sensor device may conprise a

gyroscope, and the movement data may comprise angular veloeity data.

In an aspect, the rotatable valve actuator shaft may be an actoator shaft of a non-rising
stern valve,

In an aspect, the rotatable valve actuator shaft may be rotatable by a handwhecl attached
to the shaft, and the inertial sensor device may be aftached to the handwheel.

In an aspect, a phurality of turns of the shatt corresponds to a complete movement of the

closure element between a fully open valve and a fully closed valve,
The valve may be included in a oil and/or gas surface wellhead.

The processing device may be configured to process the movement data by counting a
number of rotations of the imertial sensor device. The processing device may be further
configured to process the movement data by determining a direction of each rotation of

the inertial sensor device.

The device may further comprise a data transmitting device, configured to transmit, to a
manitoring device, data representing the position of the valve closure element,
Alternatively or in addition, the device may comprise a display device, configured to
display data representing the state of the position of the valve closure clement.

The invention also relates to a computer program product, which comprises processing
jstructions that, when executed by a processing device, causes the processing device to
perform a method as disclosed in the present specification.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram illustrating a valve equipped with a device for determining a

position of a valve closure element moved by a rotatable valve actuator shaft.

Fig. 2 is a schematic block diagram illustrating a device for determining a position of a

valve closure elersent moved by a rotatable valve actuator shaft,
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Fig. 3 is a schematic flow chart iHlustrating a method for determining a position of a valve

closure element moved by a rotatable valve actuator shaft,

Fig. 4 ts a schematic example graph illustrating measured acceleration with respect to

time.
Fig. 5 is a schematic example graph illustrating a rotation angle with respect to time.

Fig. 6 s a schematic block diagram ilustrating aspects of position determination using an

acceleromoeter,

Fig. 7 is a schematic block diagram illustrating aspects of angular position and velocity

determination using a gyroscope.
Fig. B is a schematic block diagram ilustrating angular position measurements.
DETAILED DESCRIPTION

Fig. 1 is a schematic diagram illustrating & valve equipped with a device for determining a

position of a valve closure element moved by a rotatable valve actuator shaft.

In a typical application, the valve 100 may be a valve inchided m a oil and/or gas surface

wellhead.

The valve 100 includes a housing 111, a fluid inlet 120, a fluid outlet 130 and a closure
element (not shown). The closure element is actuated by a rotatable valve actoator shaft
{(not shown). A rotatable handwheel 140 is attached to the valve actuator shaft in order to

cnable g human operator to operate the valve.

The valve 100 may be of a type wherein a plurality of turns of the shaft, and hence a
plurality of turns of the handwheel 140, represents the closare clement’s movement from

a fully open valve to a fully closed valve and vice versa.

For mstance, the valve 100 may be a non-rising stera valve., For such a valve type, the
operator will generally be unable to determine the absohite position of the valve during

mntervention.

In order to provide information about a status of the valve 100, in particular the position

of the valve closure element, a device 150 for determining the position of the valve
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closure element moved by the rotatable valve actuator shatt is attached to the handwheel

140 and hence 1o the rotatable shaft of the valve.

Fig. 2 ts a schematic block diagram illustrating a device for determining a position of a

valve closure element moved by a rotatable valve actuator shatt,

The device 150 for determining a posttion of a valve closure clement moved by a
rotatable valve actuator shaft comprises an inertial sensor device 220, which is attached fo
the rotatable valve actuator shaft, in this casc via the handwheel 146, The inertial sensor
device 220 may be secured within a housing of the device 150, which is in turn attached
to the handwheel 140, The inertial sensor device 220 provides movement data, which
may include acceleration data and/or angular velocity data. The inertial sensor device
220 may e.g. include a 3-axis accelerometer, or a 2-axis accelerometer. I the inertial

sensor device inchudes an accelerometer, the movement data comprises acceleration data,

Alternatively, the muertial sensor device 220 may include a gyroscope. In this case the

mavement data comprises angular velocity data,

The inertial sensor device 220 may include both an accelerometer and a gyroscope. In

this case the movement data may include both acceleration data and angular velocity data.

The device 150 further comprises a processing device 210, which is configured to process
the movement data (including acceleration data and/or angular velocity data) to obtain the
a position of the valve closure element moved by the rotatable valve actuator shaft. The
processing device 210 may e.g. include a microcontroller, i.e. a microprocessor provided
with VO circuits and a memory circuit, at least for holding processing instructions.
Alternatively, the processing device may include a raicroprocessor and separate VO

circuits and separate memory circuits,

A log memory 230 may be provided and interconnected with the processing device 210,
¢.g. for storing acquired acceleration data and for keeping intermediate and final results of

the processing performed by the processing device 210,

The device 150 may be powered by a power supply device 240, e.g. a battery, which may

be rechargeable or non-rechargeable. The power supply device 240 may be connected fo
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a power regulation cireuit 250, which supplies all power-consuming clements of the

device 150 with necessary electrical power.

The processing device 210 may be connected to a display driver 260 and further to a
display device 278, which may be a low power display. The display device may be
configured to display data representing the position of the valve closure element, thus

conveying information about the status of the valve 100 to the lhuman operator,

A data transmitting inferface device 280, such as a wireless interface device, may be
communicatively connected to the processing device 218, The data transmitting interface
device 280 may be further connected to a communication device 282, such as a wireless
communication module, causing the commumnication device 282 to transmit data
representing the position of the valve closure element. This data may be received by a

wireless monitoring device or equipment (not shown) which is external to the device 156,

A user input interface 290, e.g. including a push button, may be connected to the
processing device 210, The user input interface 290 may ¢.g. be used for calibration

and/or resetting purposes,

The processing device 210 in the device 150 may be configured to process the movement
data, provided by the inertial sensor device 220, by counting a mumber of rotations ot the

inertial sensor device 220.

The processing device 210 may further be configured to process the movement data,
provided by the inertial sensor device 220, by determining a direction of each rotation of

the inertial sensor device 220.

The processing device may be configured to execute a computer program product which
comprises a set or sequence of processing instructions. The computer program product
may be held in a program memory included in or interconnected with the processing
device 210, The computer program product may alse be held in a separate computer-
readable medium, such as a memory device or an optical or magnet medium, or the
computer program product be embodied as a propagated signal through a wired or

wireless network or on a communication carrier.
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When the computer program product 1s executed by the processing device 210, it causes
the processing device 210 to perform a method as disclosed in the present specification,

in particular as described by example below with reference to figure 3.

Fig. 3 is a schematic flow chart Hustrating a method for determining a position of a valve

5 closure element mooved by a rotatable valve actuator shatt.
The method starts at the initiating step 300.

First, in the moveraent data providing step 310, movement data is provided by an inertial
sensor device attached {o the rotatable valve actuator shaft, The movement data may be

provided by a 3-axis or 2-axis accelerometer, or a gyroscope.

10 In the case wherein the nertial sensor device includes an accelerometer, the movement
data includes acceleration data. In this case at least the acceleration components in the
directions defined by the accelerometer’s X and Y axes are provided in step 310, It may
be assumed that the acceleration-sensitive device is arranged to be moved in the XY
plane, i.e. the plane defined by the X and Y axes. This is reasonable since the nertial

15 sensor device, in this case the accelerometer, is attached to the shaft of the valve, for
instance via the handwheel of the device, and the handwheel is primarily allowed only to
make rotational movemenis in the XY plane as long as the valve is otherwise stationary.
I this case the measurement along the third axis (£ axis) of the accelerometer may be

ignored, or not measured at ali, or used for monitoring/control purposes.

20 In the case wherein the mertial sensor device includes a gyroscope, the gyroscope may
measure the angular velocity of the handwheel during operation, t.e., the movement data
inchades angular velocity data. The gyroscope may ¢.g. be used to measure rotation in
°/sec in both the horizontal and vertical plane. From these angular measurement signals,

the number of rotations and rotational direction may readily be derived.

=2
A

Next, in the movement data processing step 320, the movement data is processed to

obtain the position of the valve closure element,

The processing step 320 may include counting a number of rotations of the mertial sensor

device.
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The processing step 320 may also include determining a direction of each rotation of the

inertial sensor device.

In order to obtain the number of rotations and the direction of cach rotation, the
processing step 320 may inchide applying appropriate trigonometric functions to the
movement data values (including acceleration and angular velocity values). Both the
angle of rotation, number of turns, and the direction of cach i (clockwise or anti

clockwise direction} may therchy be determined.

Next, in the display or transmitting step 330, calculated data representing the position of
the valve closure element, resulting from the processing step 320, may either be
transmitied to a monitoring device, or displayed on a display device, such as the display

device 270 (ef. fig. 2), or both.

The transmitting of data representing the position of the valve closure element to a
monitoring device may be facilitated by the communication interface device 280 and its
mterconnected communication module 282, which may transmit data representing the
position of the valve closure element to an external monitoring device or equipment (not

ithustrated).

The method lustrated in figure 3 may be performed by a processing device, such as the

processing device 210 referred to with reference to fig. 2.

The method may be embodied by means of a computer program product which comprises
a set or sequence of processing instructions. The computer program product may be held
in a program memory fnchided in or interconnected with the processing device 210, as
already described above with reference to fig. 2. The method is performed when the set
or sequence of instructions in the computer program product is executed by the

processing device 210,

Further possible details of the processing steps performed by the processing device 210
appear from the remaining figures and description, m particular figures 6, 7 and 8 and
their corresponding detailed description. The steps of the disclosed method correspond to

the functions that the processing device 210 in the device 150 are configured to perform.
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Fig. 4 is a schomatic example graph illustrating mcasured acceleration with respect to
time when the handwheel is operated manually. Hence, in this example, the inertial

sensor device includes an accelerometer.

Fig. 4 shows output acceleration on X, Y and Z axis versus number of samples, t.e. with
respect to time, in an example when the handwheel is tumed 2 full rotations clockwise
(indicated at 1cw, Zew), then 2 full rotations anti clockwise (indicated at 1acw, 2acw),

followed by a turther 2 full rotations clockwise {indicated at Low, Zew),

A first graph 410 indicates acceleration on the X axis. A second graph 420 indicates

acceleration on the Y axia. A third graph 430 indicates acceleration on the Z axis.

The output acceleration on the Z axis, indicated at 430, should ideally remain zero as the
handwheel rotates. However, in the casc of a 3-axis accelerometer, the Z axis values can
advantageously be monitored to measure vibration or detect physical impact to the valve

structure,

The graphs 410, 420, and 430 of figure 4 clearly show that the output acceleration values
for the X and Y axis range between +1 and -1, When the X axis output vahue is leading
the Y axis output value the wheel is being rotated clockwise. When the X axis output

value is lagging the Y axis cutput value the wheel is being rotated anticlockwise.
Fig. 5 is a schematic example graph illustrating a rotation angle with respect to fime.

The graph 510 shows an exenplary sequence of determined rotation angles with respect
to time {(or samples). The direction of rotation can be determined by monitoring the
gradient of the slope of the angle of rotation value. If the gradient of the slope is
negative, the wheel is determined to rotate clockwise. If the gradient of the slope is

posttive, the wheel is determined to rotate anti-clockwise.

Fig. 6 is a schematic block diagram illustrating aspects of position determination using an

accelerometer.

An angle of the device 150 for determining a position of a valve closure element may be
determined by the processing device 210 by calculating an inverse tangent (tan 'y of the
ratio of x and v axis. This way the accelerometer 220 remains equally sensitive around

360 degrees. Quadrant position may be determined by the processing device 210 by
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looking at the values of both x and y axis. I both values are positive then the actual angle
is determined to be equal to the measured angle. If the x axis value is negative and the y
axis value is positive, then it is determined that the device 150 is pointing in fourth
guadrant, hence 360 will be added to the measured angle (measured angle will be a
negative value). Similarly, if both axes’ values are negative, then the device 150 is
determined to be pointing towards third quadrant, as both values are negative so result
will be positive and 180 will be added to get actual angle. And at the last, if the x axis
value is positive and the v axis value is negative, then the device 150 is determined to be
pointing in second quadrant, the result will be negative so the processing device will add

180 degree to get the actual angle.

Further possible aspects of direction determination and counter calculation of the device

150 for determining a position of a valve closure clement are described in the following.

Direction of rotation may be determined, by the processing device 210, by comparing a
current angle value with the previous value. There are two special cases which may

advantageously be handled to avoid an error.

The first case is when the device 150 is rotating i counter-clockwise direction and
crossing O degree {previous position fourth quadrant, new position first quadrant), in this
case 360 degree is to be added to new angle position. The second case is when the device
150 is rotating in clockwise direction and crossing 0 degree (previous position first
guadrant, new position fourth quadrant), in this case 360 degree is to be subtracted from

new angle position.

Angle values may be divided by 360 to convert from angle to number of cycles and added
to previous counter value to determine final counter rotation value. Finally zero offset
rotation counter value is subtracted from raw counter value and multiplied with

orientation variable.

All the above-mentioned calculations, including adding, subtracting, division, ¢tc., may

be performed by appropriate configuration of the processing device 21¢ in the device 150.

Fig. 7 is a schematic block diagram illustrating aspects of angular position and velocity
£ & 2 Adf £ ! ¥

determination using a gyroscope.
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A gyroscope can be used to reliably sense and measure the angular velocity of a valve
wheel during operation. Using a gyroscope as the measurement device enables
measuring of rotation 1 °/sec, 1.¢., angular velocity, or angular rate, in both the horizontal

and vertical plane.

In figure 7, the angle 8(¢) may be defined as the angular position of the device 150 as a

function of time 1.

Aungular acceleration is given by

By integrating the angular velocity value output from the gyroscope over time we can

obtain the angular position of the module:

¢

g{t}) = j w {(t)dt

These angle measureuents are made at times

t = kigl{ry, 275,375 o )

Fig. 8 is a schematic block diagram tHustrating angular posifion measurements.

Fig. 8 shows angular postiion measurcments, also referred to with reference to fig, 7
above, made at discrete pomnts of time. Number of saniples are N, the sample pertod i3

Ty, and index &k varies from 1 to N,

Further possible aspects of an accelerometer used as the inertial sensor device 220 are

described in the following.

The use of an accelerometer as the inertial sensor device 220 may involve the need for

calibration. A “No-Turn” calibration technique may be used to avoid ervor caused by
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offset along the x and y axes. This calibration may be done by placing the axes of interest
{here x and v axes) into a 1g (g =acceleration of gravity) tield and measuring the ouiput,

which is equal to the offset.
Aouﬂg} = Agoprt (Gﬁiﬂ X AACTUAL)

To achieve this, the accelerometer may be contigured with no threshold values, and then

capturing x and y axes data to determine offset,

The use of an accelerometer as the inertial sensor device 220 may involve the need for
sensitivity setting of the accelerometer. Once calibrated, the accelerometer may be
contigured to detect and wakeup for acceleration/vibration lasting more than a certain
period, e.g. SO ms, and of magnitude greater than a certain threshold value, e.g. 100mg (g
=gcceleration of gravity}. The values of the period and the magnitude threshold may need
to be changed according to circumstances, and may casily be adjusted after field trial.
Similarly, if there 1s no aceeleration/vibration greater than e.g. 100mg (or similar
threshold value) for another period value, e.g. 10 s, then module may go into sleep mode.
These functions may be performed by the processing device 210 i the device 150
Accelerometer data may be captured and stored in an interrupt call to the processing

device 210 and then processed.

If both x and vy axes data is less than a certain acceleration threshold value, e.g. 600mg,
then the device 150 may be determined to be inclined in z axis. {e.g., at least 45 degrees
in horizontal direction). This is when x and y axes accelerometer become less sensitive
and prone to false reading, hence the processing device may be configured to ignore any

data if both x and v axes data is less than 600mg.

Under such conditions the gyroscope would become the preferred measurement device.
The latter may be particularly useful in a configuration wherein the inertial sensor device

comprises both an accelerometer and a gyroscope.

By example, the invention has been described for use with a manually operated valve, in
particular a valve included in a surtace oil/gas wellhead. However, the invention has
numerous aliernative applications, for instance with mamually operated valves in any type
of pumping systems for fluids, inchuding Haquids {e.g. water) and gas. The invention may

also be used with valves or similar operating equipment inhydraulic and/or pneumatic
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control systerns, Other conceivable applications include water supply systems, sprinkler

systems and fire fighting arrangements.
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CLAIMS

L. Method for determining a position of a valve closure element moved by a
rotatable valve actuator shaft, comprising

- providing movement data by an imertial sensor device attached to the rotatable valve
actuator shaft, and

- processing the movement data to obtain the position of the valve closure clement.

2. Method according to claim 1,
wherein the jnertial sensor device comprises an accelerometer, and wherein the

movement data comprises acceleration data,

3. Method according to claim |,
wherein the inertial sensor device comprises a gyroscope, and wherein the movement data

comprises angular velocity data.

4. Method according to one of the claims 1-3,
wherein the processing of movement data inchides counting a number of rotations of the

inertial sensor device,

5. Method according to claim 4,
wherein the processing of movement data further includes determining a direction of each

rotation of the mertial sensor device,

&, Method according to one of the claims 1-5,
further comprising transmitting, to a monitoring device, data representing the position of

the valve closure element.

~
/
I

Method according to one of the claims 1-6,

urther comprising displaying, on a display device, data representing the position of the

valve closure element.

8. Device for determining a position of g valve closure element moved by a rotatable
valve actuator shaft, comprising
- an inertial sensor device attached to the rotatable valve actuator shaft, providing

movement data, and
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- a processing device, configured to process the movement data to obtain the a position of

the valve closure element moved by the rotatable valve actuator shaft.

9. Device according to claim &,
wherein the inertial sensor device comprises an accelerometer, and wherein the

mavement data comprises acceleration data.

0. Device according to claim §,
wherein the inertial sensor device comprises a gyroscope, and wherein the movement data

comprises angular veloeity data.

I Device according to one of the claims 8-10,

wherein the rotatable valve actuator shaft is an actuator shaft of a non-tising stern valve.

12.  Device according to claim 11,
wherein the rotatable valve actuator shaft is rotatable by a handwheel attached to the

shaft, and the inertial sensor device is attached to the handwheel,

3. Device according to claim 11 or 12,
wherein a plurality of turns of the shaft corresponds to a conplete movement of the

closure clement between a fully open valve and a fully closed valve.

14 Dievice according to one of the claims 8-13,

wherein the valve is included in a oil and/or gas surface welthead.

IS, Device according to one of the claims 8-14,
wherein the processing device is configured to process the movement data by counting a

mumber of rotations of the mmertial sensor device.

16. Device according to claim 15,
wherein the processing device is further configured to process the movement data by

determining a direction of cach rotation of the acceleration-sensitive device.

7. Device according to one of the claims §-16,
further comprising a data transmitting device, configured to transmit to a monitoring

device data representing the position of the valve closure element.
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18. Device according to one of the claims 8-17,

further comprising a display device, configured to display data representing the state of
the position of the valve closure element.

i9. Computer program product, comprising processing instructions that, when
executed by a processing device, causes the processing device to perform a method as set

forth in one of the claims 1-7.
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