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An apparatus for determining a position of a member movable along a path. A magnet attached to the movable member and an
array of magnetic field transducers are located adjacent the path. As the magnet approaches, pdsses and moves away from a transducer,
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POSITION DETECTION APPARATUS
BACKGROUND OF THE INVENTION

The present invention relates generally to position detection apparatus and
particularly to apparatus for determining the position of a member that is movable
along a defined path of finite length.

It is a common problem to want to know the position of a device whose position
is being controlled by an actuator or some other means. For example, in the controls
industry, devices such as valves having a valve stem or valve shaft which is movable by
an actuator are used to control the flow of liquids and gasses associated with industrial
processes of various types. In these applications it is common to want to know, at any
given time, the precise position of the movable valve stem or valve shaft. This
information allows improved understanding of the process and the control of the
process.

A number of prior solutions have been proposed. Optical coding schemes make
use of a coded element with opaque and transparent sections to provide digital data
inputs to an array of sensors positioned to measure the light passing through the
sections. While optical coding devices do not require a mechanical linkage, the optical
approach only works well in very clean environments and is therefore not applied in
many industrial environments. |

Linear variable differential transformers (lvdt) can provide very accurate
position information. However they require a mechanical linkage and also generally use
relatively high power.

Potentiometers or other rotary transducers require a mechanical linkage and also
have the disadvantage of a sliding electrical contact which can cause long term
reliability issues.

Hall effect transducers, as they are currently used, generally require a
mechanical linkage.

Thus a need exists for a reliable position determining apparatus that does not
require a mechanical linkage between the apparatus and the movable member, and is

relatively insensitive to environmental factors.
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SUMMARY OF THE INVENTION

The present invention solves these and other needs by providing an apparatus for
determining a position of a member movable along a path. A magnet is attached to the
movable member and an array of magnetic field transducers are located adjacent the
path. As the magnet approaches, passes and moves away from a transducer, the
transducer provides a varying output signal which can be represented by a single
characteristic curve that is representative of any of the transducers. To determine the
position of the movable member, the transducers are electronically scanned and data is
selected from a group of transducers having an output that indicates relative proximity
to the magnet. A curve fitting algorithm is then used to determine a best fit of the data
to the characteristic curve. By placement of the characteristic curve along a position
axis, the position of the magnet and therefore the movable member may be determined.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a side view of the present invention along with a portion of a
valve stem and a valve yoke.

FIG. 1a shows an enlarged view of a portion of FIG. 1.

FIG. 2 shows a number of curves representing the output signals from the
transducers of FIG. 1.

FIG. 3 shows certain output signals from FIG. 2 fitted to a known curve shape.

FIG. 4 shows in block diagram form the invention of FIG. 1.

FIG. 5 shows the present invention along with a portion of a rotating valve shaft
and an attached arm.

DETAILED DESCRIPTION

An apparatus for detecting the position of a movable member such as a valve
stem is shown in the drawings and generally designated 10. Apparatus 10 as shown in
FIG. 1 includes a magnet 12 which is attached to valve stem 14 which is in turn attached
to other movable valve parts (not shown) that vary the flow through the valve. Valve
stem 14 is movable along its longitudinal axis 16.

Apparatus 10 also includes a sensor module or electronics module 18 which is to
be mounted to valve yoke 20 or another suitable fixed support located beside valve stem
14. Sensor module 18 includes magnetic field transducers 22 arranged in a linear array

24 parallel to longitudinal axis 16 with transducers 22 spaced a known distance 26
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apart. Magnet 12 moves as valve stem 14 moves and the magnetic field from magnet
12 also moves along array 24. Magnet 12 provides a magnetic field that can be
represented by components along three mutually perpendicular axis. Transducers 22
may be designed to be sensitive to a magnetic field component in a single direction,
e.g., along the x-axis or to be sensitive to magnetic field components in a combination
of directions. Each transducer 22 obtains magnetic field data when magnet 12 is in
proximity to it.

FIG 1a shows an enlarged view of magnet 12 a its magnetic flux lines 15.
Transducers 22 would be located along line 17, for example, at location 21. Magnet 12
would move along line or path 23. Transducers 22 may be designed to be sensitive to a
magnetic field component in a particular direction, for example, along the x, y or z axis
of FIG. 1a. One example is a Hall sensor arranged to be sensitive along the x-axis.
Alternatively, transducers 22 may be designed to be sensitive to a combination of
components. One example is a transducer of magnetoresistive material, e.g., permalloy
strips connected in a bridge arrangement, lying in the x-y plane and operating in a field
strong enough to saturate the permalloy strips. Under these conditions the resistance
change of the permalloy strips is a measure of the angle of the magnetization in the X-y
plane and therefore a measure of the angle of the magnetic field.

FIG. 2 shows magnetic field data representative of the output of each transducer
22 for an array of 9 (nine) transducers as a function of the position of a dipole magnet
12. A varying output signal is provided by each transducer 22 as magnet 12
approaches, passes and moves away from it. The output signals are designated a
through i. Vertical line 38 represents the position of magnet 12 and points P, P4, Pe.
Pg, Pg and Py, represent output voltages obtained from signals c, d, e, f, g and h
respectively at location 38.

FIG. 3 shows outputs of transducers 22 for a position of magnet 12 at the
location of vertical line 38 of FIG. 2. The outputs are fitted to a known or characteristic
curve shape and from the fit, the position of magnet 12 is obtained from crossover 42 of
curve 40 on the position axis.

As shown in FIG. 4, transducers 22 are connected to sensor module 18 by
conductors 28. Magnetic field data from transducers 22 may be obtained in series or in

parallel. To minimize power consumption, transducers 22 may be wired to multiplexer
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30 to obtain data serially as shown. FIG. 4 also shows analog to digital converter (A/D)
32 microprocessor 34 and its associated memory 36. Microprocessor 34 controls
multiplexer 30 to determine which transducer 22 is connected to multiplexer 30. To
obtain data in a shorter time, transducers 22 may be connected to individual A/D
converters which are in turn individually connected to a microprocessor.

Microprocessor 34 is a low-power and low performance processor suitably
programmed to use an algorithm to compare measured output signals P, through P, to a
known shape of curve 40 of FIG. 3. An algorithm can be embedded in microprocessor
34 for this purpose. Microprocessor 34 would be suitably programmed to provide
functions that include the following: periodically scan the outputs of each transducer to
obtain data; select a group of transducers located adjacent one another with each
transducer in the group having an output greater than a threshold value; fit the data from
the selected group of transducers to a known curve shape stored in the microprocessor
using a best fit algorithm; and, based on the best fit, provide the zero output point or
crossover point of the curve with the position axis.

FIG. 6 shows an arrangement of apparatus 10 for use with a device wherein the
required movement is in a curved path. One example of this type of application is a
valve designed for control by rotational movement about an axis 60 of a shaft 62. A
crank arm 64 is secured to shaft 62 and movement of end 66 of crankarm 64 will control
flow through the valve. Transducers 22a are connected to electronics module 18a which
is maintained to a fixed support. In this arrangement magnetoresistive transducers 22a
are placed in a curved path representing a portion of a circular path about shaft 62. In
other respects the operation of apparatus 10 illustrated in FIG. 5 is similar to the
arrangement of FIG. 1.

Now that the basic operation of apparatus 10 has been set forth, certain
advantages may be described and appreciated. The present invention does not require a
mechanical linkage from the valve stem for linear motion applications or from the valve
shaft for rotational applications. Because there is no mechanical contact, apparatus 10
will not be subject to friction or wear considerations and will not impede the normal
operating characteristics of the valve or other device with which it is used. In addition,
the present invention has inherent insensitivity to environmental conditions, e.g., water,

ice, temperature extremes, dust or chemicals, will not affect its operation.
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CLAIMS
I claim:
1. Apparatus for determining a position of a member movable along a
defined path, comprising:
5 means for producing a magnetic field attached to said member;
an array of magnetic field transducers located adjacent said defined path, each
transducer providing a bipolar output signal as said means for producing
a magnetic field approaches, passes and moves away from said each
transducer;
10 said array of transducers providing a plurality of output signal values for a first
position of said means for producing a magnetic field; and
electronic means for receiving said plurality of output signal values and fitting
said plurality of output signal values to a first curve having a crossover

point to determine said first position.

15
2. Apparatus of claim 1 wherein said electronic means comprises:
memory means for storing said first curve; and
processor means for receiving said plurality of output signal values, comparing
said plurality of output signal values to said first curve, and fitting said
20 plurality of output signal values to said first curve to determine said first
position.
3. Apparatus of claim 2 wherein said plurality of output signals are analog
signals and said electronic means further comprises:
25 multiplexing means for receiving said plurality of signals in parallel format and
providing said plurality of signals in serial format; and
conversion means for converting said plurality of analog signals to a plurality of
digital signals.
30 4, Apparatus of claim 1 wherein said means for producing a magnetic field

is a dipole magnet.
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5. Apparatus of claim 4 wherein each said transducer is sensitive to a
magnetic field component in a first direction and said first direction is parallel to a

direction of movement of said magnet.

6. Apparatus of claim 5 wherein said transducer comprises
magnetoresistive material and said magnetic field is of sufficient strength that said

magnetoresistive material is magnetically saturated.

7. Apparatus of claim § wherein each said transducer is sensitive to a
magnetic field component in a second direction and said second direction is

perpendicular to a direction of movement of said magnet.

8. Apparatus of claim 7 wherein said transducer comprises
magnetoresistive material and said magnetic field is of sufficient strength that said

magnetoresistive material is magnetically saturated.

9. Apparatus of claim 1 wherein said member is a valve stem having a

longitudinal axis, said valve stem movable along said longitudinal axis.

10.  Apparatus of claim 1 wherein said member is an arm secured to a valve

shaft having a rotational axis, said arm movable about said rotational axis.

11.  Apparatus for determining a position of a movable member of a valve,
said movable member controlled by an actuator and movable along a path, said
apparatus comprising:

a magnet attached to said movable member for producing a magnetic field, said
magnetic field having components lying along an x axis, ay axisand a z
axis, said x axis, said y axis and said z axis being mutually
perpendicular;

an array of magnetic field transducers located adjacent said path, each said
transducer being sensitive to magnetic field components lying along at

least one of said x-axis, said y-axis or said z-axis, each transducer
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providing a bipolar output signal as said magnet moves toward, passes
and moves away from said each transducer;

said array of transducers providing a plurality of output signal values for a first
position of said magnet; and

electronic means for receiving said plurality of output signal values and fitting
said plurality of output signal values to a known curve having a

crossover to determine said position.

12.  Apparatus of claim 11 wherein said electronic means comprises:

memory means for storing said known curve;

processor means for receiving said plurality of output signals, comparing said
“plurality of output signals to said known curve, and fitting said plurality

of output signals to said known curve to determine said position.

13.  Apparatus of claim 12 wherein said plurality of output signals are analog
signals and said electronic means further comprises:
multiplexing means for receiving said plurality of signals in parallel format and
providing said plurality of signals in serial format; and
conversion means for converting said plurality of analog signals to a plurality of

digital signals.

14. Apparatus of claim 11 wherein each said transducer is sensitive to a
magnetic field component in a first direction and said first direction is parallel to a

direction of movement of said magnet.

15. Apparatus of claim 14 wherein said transducer comprises
magnetoresistive material and said magnetic field is of sufficient strength that said

magnetoresistive material is magnetically saturated.

16.  Apparatus for determining a position of a member movable along a
defined path, comprising:

a dipole magnet attached to said member;
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an array of magnetic field transducers located adjacent said defined path, each
transducer providing a bipolar output signal as said magnet moves
toward, passes and moves away from said each transducer;.
said array of transducers providing a plurality of output signal values for a first
5 position of said means for producing a magnetic field; and
electronic means for receiving said plurality of output signal values and fitting
said plurality of output signal values to a first curve having a crossover

point to determine said first position.

10 17.  Apparatus of claim 16 wherein said transducer comprises
magnetoresistive material and said magnetic field is of sufficient strength that said

magnetoresistive material is saturated.

18.  Apparatus of claim 16 wherein each said transducer is sensitive to a
15 magnetic field component in a first direction and said first direction is parallel to a

direction of movement of said magnet.
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