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(57) Abstract: An angle measuring device serves for captur-
ing a turning position of a rotatable shut-off body (2) of a
shut-off valve (3) for a duct (4) flowed through by a fluid.
The shut-off body is connected to a rotary drive (5) via a
shaft. A number of permanent magnets (7, 8, 9, 10) are ar-
ranged on the shaft (6). At least one magnetic field sensor
(11) is assigned to the shut-oft valve (6) in order to capture
magnetic field vectors (12) or components of magnetic field
vectors, which especially extend radially with respect to the
shaft (6). Such an angle measuring device under respective
conditions in the production of mineral oil/natural gas en-
ables a respective turning position of the shut-off body with
the required precision and resolution and with simple con-
struction and low costs.
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Angle Measuring Device

The invention relates to an angle measuring device for capturing a rotational position of a ro-
tatable shut-off body. This is part of a shut-off valve for a duct through which a fluid flows. The
shut-off body is connected to a rotary drive by a shaft.

Such a shut-off valve is for example a bore valve and especially a deep-sea bore valve. Such a
bore valve is also called rotary valve. It has a pierced ball as shut-off-body. This is connected to
for example to a lever as a rotary drive in order to be turned about 90°. Between this and the
ball, a respective shaft extends. By activating the lever, the ball is respectively rotatable by 90°,
wherein the hole in the bore depending on an open or closed position, respectively, is arranged
relatively with respect to the duct through-which a fluid flows.

Of course it is also possible that instead of a lever as a rotary drive another type of drive and
likewise also a hydraulic or electric drive is applicable. In the following, especially the shaft be-
tween the rotary drive and the shut-off body is to be taken into account, to which the angle

measuring device according to the invention is associated.

In such deep-sea bore valves it is further to be noticed that they are designed such that they
withstand strong vibrations under a pressure of up to 300 Bar. Such bore valves are used in the
production of mineral oil/natural gas, such that the corresponding duct is flowed through for ex-
ample by mineral oil.

Further requirements to such a bore valve are low costs and a compact construction.

The object underlying the invention is to provide an angle measuring device, which, under the
respective circumstances, enables a respective rotational position of the shut-off body with nec-
essary precision and resolution while having a simple construction and low costs.

This object is achieved by the features of patent claim 1.

The angle measuring device according to the invention is also retroactively attachable to bore
valves or other shut-off valves which are already existing. It has a number of permanent mag-
nets which are arranged at the shaft between the rotary drive and the shut-off body. Further-
more, the angle measuring device has at least one magnetic field sensor, which is assigned to
the shut-off valve in order to capture magnetic field vectors or components of magnetic field
vectors which are in particular extending radially with respect to the shaft.
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The respective permanent magnets are locatable directly on the shaft from the outside or are
also locatable within respective recesses of the shaft. Thereby, the corresponding installation
space is enlarged only slightly or not at all. By arranging the permanent magnets directly on the
shaft, as the case may be also outside of a corresponding housing of the shut-off valve, the re-
spective requirements which are put on for example a deep-sea bore valve are still fulfilled. This
relates for example to the pressure resistance of up to 300 Bar, the resistance against strong
vibrations and alike. Due to the arrangement of the permanent magnets on the shaft, a mag-
netic field extends away from the shaft and has field vectors or at least components of field vec-
tors which are extending especially radially with respect to the shaft. Such a component of a
field vector is a respective projection of a field vector towards the direction which is radial to the
shaft.

These field vectors or components of field vectors may be captured by at least one magnetic
field sensor and are transferrable into a rotational position of the rotatable shut-off body.

In this manner, an absolute measurement of the angle of the rotational position is possible.

It is usually not necessary that the permanent magnets extend around the entire shaft. The cor-
responding angle of revolution or angular position of the shut-off body amounts to generally 90°,
so that for example in a measuring range of 90° plus/minus 10° or also lesser degrees is suffi-
cient. For such a measuring range, it is also sufficient if the permanént magnets are arranged at
least on a circumferential region of the shaft corresponding to such a maximum angle of rotation
of the shut-off body. This means that under a maximum angle of rotation of 90° for example, an
extension along a circumferential region of about a quarter of the entire circumference of the

shaft is sufficient.

In order to enable a sufficient resolution and precision during a measurement of the angle of
rotation, a corresponding number of permanent magnets are arranged, wherein these are espe-
cially arranged next to each other in a circumferential direction under changing polarity. The
magnet field sensor is manufacturable in a simple manner and with only little installation space
when it is designed as a magneto-resistive magnetic field sensor. A corresponding magneto-
resistive effect occurs in ferromagnetic alloys. The electrical resistance of such an alloy de-
pends from the angle between the direction of current and the directidn of the magnetisation in
the interior of the alloy. The resistance is the highest when both are in parallel and it is the

smallest at 90° between such directions.

In order to make full use of this effect, the magneto-resistive magnetic field sensor may have a

bridge circuit of at least magneto-resistive resistors. These may be designed in an advanta-
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geous manner also as thin-film resistors. The corresponding field vectors extend through these
resistors and the magnetic field in the interior of the resistors is varied by this outer magnetic
field. This variation is transferred into a change of the resistance, which is measured. Through
the bridge circuit, external influences of temperature or alike are decreased. The bridge circuit

may have further components such as coils, resistors or alike.

For a corresponding measurement of the field vectors and thereby capturing of a respective
turning position, evaluation electronics with especially at least one analogue/digital converter

may be assigned to the bridge circuit.

Also the possibility exists that the entire magneto-resistive magnetic field sensor is integrated
within a sensor chip, this means that on the sensor chip, the bridge circuit is formed of magneto-
resistive resistors and also the evaluation electronics with the analogue-digital-converter are

formed.

During the capturing of the field vectors, it is to be considered that systematic distortions of the
field vectors may result during the corresponding radial measurement. Such distortions depend
on the distance of the magnetic field sensors from the magnets, the scale of the region of an-
gles to be measured and also the field strength of the permanent magnets. At a small distance
of the magnetic field sensors from the permanent magnets, distortions may reach a magnitude
where a change of the measured angle per actual change in the rotational angle is very small or

even tends towards zero. Consequently, small distances are disadvantageous.

However, also at a big a distance, a disadvantage arises in that the corresponding field strength
is very small or disturbing fields become noticeable for example because of the magnetic field of
the earth.

A corresponding arrangement of the magnetic field sensors relative to the permanent magnets
is called near or far field of field vectors. In order to hold the influences of both fields as small as
possible, preferably the magnetic field sensor is arranged in a transitional area between the
near and the far field of the field vectors.

In such a transitional area also an AD-converter with a small resolution is sufficient in order to
be able to determine a corresponding absolute angle from the captured analogue signal by

means of the bridge circuit.

The basic magnetic field sensor may be provided as a separate component and may be at-
tached to the corresponding shut-off valve from the outside. In order to make a measurement

possible in an easy way and without noticeable influences in this context, the magnetic field
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sensor may be arranged within a housing made of material which is not magnetisable, such as
especially submarine-steel. Such submarine-steel is a special type of steel which is character-
ised by a high strength and corrosion resistance. The corrosion resistance is especially effective
with regard to sea water. In addition thereto, such a submarine-steel is also characterised by
the absence of a corresponding magnetisability.

During a measurement of the angular position of the shut-off body, systematic errors may occur
which may especially result from distortions of the magnetic field. This systematic error may be
compensated by a data processing system. Such distortions of the field vectors may arise for

example in case of a very close arrangement of the magnetic field sensor and the magnets.

In the following, an advantageous embodiment of the invention is described in detail on the ba-

sis of the attached figures.
In the figures:

Fig. 1: shows a longitudinal section through a deep-sea ball valve as a shut-off valve in

the open and closed state.

Fig. 2: shows principle sketch of an angle measuring device according to the present
invention;

Fig. 3: shows a diagram for illustrating an error function based on field vector distortions,
and

Fig. 4: shows a further principle sketch of an angle measuring device according to the

present invention with a detailed illustration of the magnetic field sensor.

Fig. 1 shows a longitudinal section through a shut-off valve 3 in the form of a deep-sea ball
valve. In the upper part of Fig. 1, the shut-off valve 3 with its shut-off body 2 is shown in an open
position 22 and in the lower part in closed position 23. The corresponding shut-off body is a
pierced ball which is rotatable essentially about 90° by means of the assigned rotary drive 5 of
the shut-off valve 3 and is supported in a corresponding duct 4 which is flowed through by a
fluid. Via a shaft 6, the shut-off body 2 is connected to the rotary drive. The corresponding angle
of rotation 14 is illustrated in principle in Figr 1, wherein this corresponds to a rotation of the
shut-off body 2 between the open position 22 and the closed position 23. Other rotary drives 5
are possible, which may also be driven hydraulically or electrically.
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In Fig. 2, a principle illustration of an angle measuring device 1 according to the present inven-
tion is shown. This comprises at least a row of permanent magnets 7, 8, 9 and 10 as well as
magnetic field sensor 11. Through the permanent magnets 7 to 10, field vectors 12 result,
which, in the illustration according to Fig 2., are especially directed radially from the annularly
arranged permanent magnets 7 to 10 towards the outside. There, they are capturable by the

magnetic field sensor 11.

An actual arrangement of the permanent magnets 7 to 10 on the shaft 6 is shown in Fig. 4. Only
a part of the shaft 6 is illustrated. The corresponding permanent magnets 7 to 10 are arrange-
able on the outside of the shaft or likewise in recesses of the shaft. The permanent magnets 7
to 10 extend about a circumferential region 13 along the outside of the shaft 6. This circumfer-
ential region 13 corresponds to at least the maximum angle of rotation; see angle of rotation 14
according to Fig. 1. Furthermore, the permanent magnets 7 to 10 are arranged directly next to
each other under a changing polarity. The arrangement and number of the permanent magnets
is only exemplary and also higher numbers of permanent magnets may be provided. The ar-
rangement is made especially in circumferential directioh, wherein the magnetic field sensor 11
is assigned to the corresponding location of the shaft 6 along which the permanent magnets 7
to 10 are arranged. This is, according to Fig. 4, included in a separate housing 21 made of non-
magnetisable steel. Thereby, the field vectors originating at the permanent magnets are not

influenced by the material of the housing 21. Such a material is submarine-steel for example.

Evaluation electronics 18 are assigned to the magnetic field sensor 11, which evaluation elec-
tronics may be integrated into a sensor chip 20 together with the magnetic field sensor. An ana-

logue/digital converter 19 is part of the evaluation electronics 18.

The magnetic field sensor is usually realised by means of a bridge circuit 16, see detail X from
Fig. 4, wherein within this bridge circuit 16 four magneto-resistive resistors 17 may be arranged.

In Fig. 3, an error function on the basis of distortions of the field vectors during measuring of the
angular position of the shut-off body is illustrated as an example. On the vertical axis, the angu-
lar errors and on the horizontal axis, the absolute angular positions are illustrated. The dotted
line corresponds to the distance of the magnetic field sensor 11 from the permanent magnet of
10 mm for example, while the dashed curve in the manner of a line corresponds to a distance of

40 mm.

In a very close arrangement of the magnétic field sensor and the magnets, distortions of the
field vectors may arise, which affect that changes of the measured angle per actual angular step

are very small or even tend to go towards zero. Thereby, the error in the measurement of the
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angle is relatively big in certain regions, see the amplitudes of the diagram up to 10 or more

degrees.

At a bigger distance, the error may become smaller indeed, but also the magnetic field, so that
the disturbing fields such as the magnetic field of the earth may become perceivable, see the
dashed curve appearing like a line according to Fig. 3. An optimal position of the magnetic field
sensors with respect to the permanent magnets results from a transitional area between the

near field and the far field of the field vectors, see the drawn-through line according to Fig. 3.

Due to the invention, an angle measuring device results in which a radial measurement of the
corresponding angular position of the shut-off body at the shut-off valve 3 is possible. The angle
measuring device does not have moving parts and is therefore free from wear as well as main-
tenance-free. The measurement generally takes place in a contact-free manner, wherein it is
measurable through the corresponding housing of the magnetic field sensor. The housing is
also suitable for inhospitable environments, see for example deep-sea and high pressures. As a
result of the arrangement of the permanent magnets and the assignment of the magnetic field
sensor, an absolute measuring principle is at hand, in which no reference point or a reference
run for measuring the angle of rotation is required. Furthermore, a high resolution and high pre-

cision is given in the entire measurement range and only a small installation space is required.

It is again pointed out that the corresponding direction of the lines of the magnetic fields is
measured with the angle measuring device according to the present invention, wherein the di-
rection extends essentially radially with respect to the corresponding shaft, a turning position of
which and thereby the respective position of the shut-off body is detected.
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Claims

Angle measuring device (1) for capturing a turning position of a rotatable shut-off body
(2) of a shut-off valve (3) for a duct (4) flowed through by a fluid, which shut-off body (2)
is connected to a rotary drive (5) via a shaft (6), wherein a number of permanent mag-
nets (7, 8, 9 and 10) is arranged at the shaft (6) and at least one magnetic field sensor
(11) for capturing magnetic field vectors (12) or components of magnetic field vectors
especially extending radially with respect to the shaft (6) is assigned to the shut-off vaive

(3).

Angle measuring device (1) according to claim 1, characterised in that the permanent
magnets (7 to 10) are arranged at least along a circumferential region (13) of the shaft
(6), which circumferential region (13) corresponds to a maximum angle of rotation (14) of

the shut-off body (2).

Angle measuring device (1) according to claim 1 or 2, characterised in that the perma-
nent magnets (7 to 10) are arranged in the circumferential direction (5, 15) of the shaft
(6) next to each other under changing polarity.

Angle measuring device (1) according to one of the preceding claims, characterised in
that the magnetic field sensor (11) is designed as a magneto-resistive magnetic field

sensor.

Angle measuring device (1) according to one of the preceding claims, characterised in
that the magneto-resistive magnetic field sensor (11) has a half or full bridge circuit (16)

of at least magneto-resistive resistors (17).

Angle measuring device (1) according to one of the preceding claims, characterised in
that evaluation electronics (18) with especially at least one analogue/digital converter
(19) are assigned to the bridge circuit (16).

Angle measuring device (1) according to one of the preceding claims, characterised in
that the magneto-resistive magnetic field sensor (11) is integrated into a sensor chip
(20).

Angle measuring device (1) according to one of the preceding claims, characterised in
that the magnetic field sensor (11) is arranged in a transitional region between a near

and a far field of the field vectors.
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Angle measuring device (1) according to one of the preceding claims, characterised in
that the magnetic field sensor (11) is arranged within a housing (21) made of non-

magnetisable material, especially of submarine-steel.

Angle measuring device (1) according to one of the preceding claims, characterised in
that a remaining systematic error due to distortions of the magnetic field is compen-

satable by means of a data processing system.
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