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An apparatus and
method are provided for

attaching a gear tooth
sensor to an object,
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such as an engine block
of an automobile. A
clamping bar and a
deformable conical washer
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are associated with a

tubular portion of the
sensor in such a way that
rigid attachment of the
clamping bar to the engine
block, such as through
the use of a threaded

bolt, deforms the conical
washer into a generally
flat shape and, in the
process, causes a distal
end of the tubular portion
of the sensor to move
away from a target by
a predetermined distance.
Prior to  deforming
the deformable . washer
between the clamping
bar and the engine block,
the sensor is moved into
contact with a rotatable
target, such as a gear. The
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distal end of the tubular portion being in contact with the target, the clamping bar is used to compress and deform the washer so that the
deformation of the washer causes the distal end of the tubular portion to move away from the target by a predetermined amount that
results in an accurately set gap between a magnetically sensitive component within the sensor and the teeth of the rotatable target.
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APPARATUS AND METHOD FOR ATTACHING A SENSOR TO AN OBJECT
ACKGR D OF I TION
Field of the Invention:

The present invention is generally related to position sensors and, more
specifically, to a method and apparatus for attaching a gear tooth sensor to an
automobile engine in such a way that the distal end of the sensor is positioned at a
precise location relative to a rotatable target.

Many different types of sensors are known to those skilled in the art and many
varieties of gear tooth sensors are also well known. In operation, a gear tooth sensor, or
proximity sensor, typically comprises a permanent magnet in association with a
magnetically sensitive component such as a Hall effect element or a magnetoresistive
element. Sensors of this type are constructed in such a way that a ferromagnetic
component passing through a predefined detection zone will cause the magnetically
sensitive component to provide a signal identifying this event. The ferromagnetic object
can be the teeth of a gear, whether or not the gear is intended to operate in the traditional

manner of a gear or merely to provide a plurality of teeth extending from a rotatable

target, in order to facilitate the detection of the teeth for the purpose of sensing the

angular position or velocity of the rotating target. Devices of this type find many
applications in automobiles, including sensors which monitor the position of crank
shafts and cam shafts and, in addition, sensors which are used in automatic braking
systems. A problem which occurs when sensors of this type are installed relative to a
rotatable target is that the gap between the distal end, or operative end, of the sensor and
the target must be maintained with a relatively high degree of accuracy. Otherwise, the
signal level provided by the magnetically sensitive component of the sensor will not be
properly calibrated to the angular position of the target.

United States Patent 4,677,378, which issued to Tokura et al on June 30, 1987,
discloses a displacement sensor which has a magnetically responsive member and a pair

of piezoelectric elements. The sensor is provided with first and second piezoelectric

_elements, a pair of electrodes at one and the other ends of each of the first and second

piezoelectric elements and a permanent magnet mechanically fixed to one end of the

first piezoelectric element. In addition, it provides a small piece which is mechanically
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fixed to one end of the second piezoelectric element and has approximately the same
weight as the permanent magnet. A base plate to which the other ends of the first and
second piezoelectric elements are mechanically fixed is provided wherein the electrodes
provided at the other end of each of the first and second piezoelectric elements are
electrically connected. The electrodes provided at one end of each of the first and
second piezoelectric elements are used as output terminals. In addition, a pair of small
pieces made of a magnetic material and a nonmagnetic material can be used instead of
the permanent magnet and small piece.

United States Patent 5,121,289, which issued to Gagliardi on June 9, 1992,
describes an encapsulatable sensor assembly. The description in the Gagliardi patent
shows the inner construction of a gear tooth sensor which comprises a permanent
magnet and a magnetically sensitive component. The assembly includes an external
housing with internal support components for retaining an active sensor element and
associated electrical circuitry in a predetermined relationship while providing a plurality
of internal sequentially interconnected cavities for facilitating a flow of an encapsulating
material from an injection port to a vented overflow in order to assure a complete fill of
the internal cavities to restrain the internal components. The sensor assembly provides a
structure for a void free encapsulation and internal leadwire stress relief concurrently
with location control of the internal component while also providing a combination
which is easily adaptable to automatic assembly and encapsulation techniques.

United States Patent 5,140,262, which issued to Stolfus on August 18, 1992,
discloses a gear tooth sensor with a centerline in nonintersecting relation with a center
of rotation of a rotatable member. The off-axis gear tooth sensor is provided with a
centerline of the sensor that is disposed along a line which is not coincident with the
center of rotation of the rotatable member to be sensed. Instead, the centerline of the
housing in which a Hall effect element is disposed is positioned at a perpendicular
distance from the center of rotation of the rotatable member which is determine as the
function of range of dimensions which define the allowable gap between the Hall effect
element and a surface of the rotatable member. The perpendicular distance between the
center of rotation and the line along which the proximity sensor is disposed is
mathematically determined as a function of the distances between the center of rotation

of the rotatable member and the minimum and maximum possible locations of the Hall

[
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effect element along with the angular aistance between those two dimensions. The
sensor provides a gear tooth sensor which is significantly immune to changes in the gap
between a Hall effect element and the surface of a rotatable member which is being
sensed. The rotatable member is provided with at least one discontinuity in its surface
which causes changes in the magnetic field surrounding a Hall effect element and, as a
result, provides a signal from the Hall effect element to indicate the proximity of the
discontinuity to the Hall effect element.

The Tokura et al patent shows the relative position of a gear tooth sensor to the
rotatable target comprising a plurality of gear teeth. The Gagliardi patent shows the
internal structure of a gear tooth sensor with a permanent magnet and a magnetically
sensitive component disposed internally and proximate a distal end of the sensor. The
Stolfus patent shows one particular technique that has been used in order to reduce the
sensitivity of a gear tooth sensor to variations in the position of the distal end of the
sensor relative to a rotatable target. Accuracy in the position of the sensor relative to the
target is very important to the proper operation of the sensor.

It would therefore be significantly beneficial to the field of gear tooth sensing if
a means could be provided which allows the gap between a distal end of a gear tooth
sensor and a rotatable target to be accurately set without the need of expensive and time
consuming techniques and without the need for complex measurements and procedures.

U RY OF THE INVENTION

The present invention provides an apparatus and method for installing a gear
tooth sensor in an automobile engine without the need for complex measurements and
procedures. In addition, the present invention permits the distal end of the gear tooth
sensor to be accurately located at a predefined distance from the rotatable target without
the need for time consuming and expensive processes. The apparatus of the present
invention comprises a sensor which has a generally tubular portion. In addition, a
deformable washer is shaped to be slideably disposable over the tubular portion of the
sensor. A clamping bar is provided with an opening therethrough that is shaped to
slideably receive the tubular portion of the sensor therein. A third opening is formed
through the bar. A threaded bolt is shaped to slide through the third opening of the
clamping bar. The bolt is engagable in threaded association with a hole in the object,

such as an automobile engine block. The deformable washer is compressible between
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the clamping bar and the object and is thereby deformed in such a way that it
compresses the edges of its opening into rigid attachment with the tubular portion of the
sensor when the bolt is tightened to compress the clamping bar against the object. The
tubular portion of the sensor is axially moved from a first position to a second position
as a result of the washer being deformed between the clamping bar and the object.

In a particularly preferred embodiment of the present invention, the sensor is a
magnetically sensitive device and the object is an automobile engine block. Also in a
preferred embodiment of the present invention, the washer is in the shape of a frustum
of a cone, such as a Belleville washer. The tubular portion of the sensor can have a
generally circular cross section or a noncircular cross section, depending on the
particular design and application of the sensor. When the sensor is initially installed
relative to the object, the distal end of the tubular portion of the sensor is placed in
contact with a rotatable object to be sensed when in the first position described above
and the distal end is spaced apart from the rotatable object to be sensed by a
predetermined gap when in the second position described above. In one embodiment of
the present invention, the deformable washer and the tubular portion of the sensor are
shaped to result in a slight deformation of the tubular portion when the washer is
deformed by being compressed between the bar and the object.

In order to perform the method of the present invention, a preferred embodiment
provides a sensor which has a tubular portion and disposes the tubular portion through
an opening formed through a clamping bar. In addition, the method of the present
invention disposes the tubular portion through an opening formed through a deformable
washer and inserts the tubular portion into an opening of the object until a distal end of
the. tubular portion touches the target. The present invention then forces the clamping
bar toward the object in order to deform the washer between the object and the clamping
bar, wherein the washer is deformed to cause the distal end of the tubular portion to
move away from the target by a predetermined distance. In a preferred embodiment of
the present invention, the compressing step comprises the step of inserting a bolt
through the clamping bar and into the object and then tightening the bolt into the object.

The present invention provides an apparatus and method which allows a sensor
to be inserted into an engine block of an automobile until it touches the target with its

distal end. As the sensor is inserted into the engine block, the deformable washer is
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forced along the tubular portion of thei éensor as the washer is disposed in contact with a
portion of the engine block and the tubular portion is pushed through the deformable
washer into the engine block. With the distal end of the tubular portion in contact with
the rotatable target, the clamping bar is tightened through the use of bolt until it moves
toward the engine block and compresses the deformable washer. When the deformable
washer is compressed, it assumes a generally flat shape. During the deformation, the
inner circular edge around the opening of the washer compresses into the tubular portion
of the sensor and becomes rigidly attached to it. As the deformation of the washer
continues, the inner edge of the washer is caused to move away from the target and,
because of the attachment between the washer and the sensor, the sensor is pulled away
from the target by a preselected distance. When the washer assumes its final flat shape,
the distal end of the sensor is a predefined and accurately determined distance from the
rotatable target and the appropriate gap between the magnetically sensitive component
and the teeth of the target is set.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be more fully understood from a reading of the
Description of the Preferred Embodiment in conjunction with the drawings, in which:

Figure 1 shows a clamping bar used in association with the present invention;

Figure 2 shows a bolt that is usable in conjunction with the clamping bar of
Figure 1;

Figure 3 shows a deformable washer that used in a preferred embodiment of the
present invention;

Figure 4 shows a sensor such as that generally known in the art as a gear tooth
Sensor;

Figure 5 shows the present invention associated with a gear tooth sensor prior to
clamping a clamping bar against an object to deform the deformable washer shown in
Figure 3;

Figure 6 shows the arrangement of Figure 5 after the clamping bar is rigidly
compressed against the object;

Figure 7 is an illustration of a sensor, the clamping bar and the deformable
washer associated together prior to insertion an opening of an object such as an

automobile engine;
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Figure 8 is an exploded view illustrating the relative positions of the sensor, the
clamping bar, the deformable washer and the external object to which the sensor is to be
attached;

Figure 9 illustrates the deformable washer of the present invention in contact
with the edge of the counterbore prior to deformation; and

Figure 10 shows the relationship between the deformable washer and the

counterbore of the object following deformation.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Throughout the Description of the Preferred Embodiment, like components will
be identified by like reference numerals.

Figure 1 shows a clamping bar 10 which is provided with two openings. A first
opening 14 is shaped to receive a tubular portion of a sensor in slideable association
therein and a second opening 18 is shaped to receive the shank of a bolt in slideable
relationship therein.

Figure 2 shows a bolt 20 that is provided with a threaded shank and a hex-head.
However, it should be realized that any means for a rigidly attaching the clamping bar
10 to an object is suitable for use with the present invention.

Figure 3 is a deformable washer 24 that is generally conical in shape. An
opening 28 is formed in the central portion of the washer. As illustrated in Figure 3, the |
generally conical shape of the washer provides a thickness T in the vertical dimension.
Although many different types of deformable washers can be used in association with
the present invention, a Belleville washer is suitable for these purposes.

| Figure 4 illustrates a typical gear tooth sensor which has a tubular portion 30 and
an attachment flange 34 in certain types of sensors. However, it should be realized that
the attachment flange 34 is not necessary on all types of sensors. In fact, the gear tooth
sensor described in the Stolfus patent does not utilize this component. Inside the tubular
portion 30, a permanent magnet 38 and a magnetically sensitive component 40 are
associated together so that the magnetic field provided by the permanent magnet 38
impinges on the magnetically sensitive component 40. Therefore, distortions of the
magnetic field caused by ferromagnetic objects passing through a predefined detection
zone can be sensed by the magnetically sensitive component 40. The magnetically

sensitive component can be a Hall effect element or a permalloy bridge arrangement.
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The particular type of magnetically sensitive component used in the gear tooth sensor is
not limiting to the operation of the present invention. Conductive wires 44 and 46 can
extend from a rear portion of the gear tooth sensor so that a connector 50 can be used for
connecting the gear tooth sensor to other electrical components of the automobile
system or other system where the sensor is used. The tubular portion 30 has a distal end
60 at which the magnetically sensitive component 40 is disposed.

Figure 5 shows the assembly of a gear tooth sensor in association with an object
70. Although a simplified schematic illustration of the object 70 is shown in the
Figures, it should be understood that, in a typical application of the present invention,
the object 70 is a portion of the engine block of an automobile. An opening 74 is
formed in the object 70 and an associated opening 76, such as a counterbore, is provided
in an external surface of the object 70. The clamping bar 10 is disposed around the
tubular portion 30 of the sensor. The opening 14 in the clamping bar 10 is sized to
permit easy passage of the tubular portion 30 therethrough. The deformable washer 24
is also disposed over the tubular portion 30. The opening 28 in the central portion of the
deformable washer 24 is sized to permit the tubular portion 30 to pass through it, but not
with excessive clearance therebetween. In other words, the deformable washer 24 can
slide along the tubular portion 30, but the clearance between the opening 28 and the
outer surface of the tubular portion 30 is maintained at a minimal dimension for reasons
that will be described in greater detail below. After assembly of the clamping bar 10
and the deformable washer 24 to the tubular portion 30, the tubular portion 30 is
inserted into the opening 74 of object 70 until its distal end 60 moves into contact with a
rotatable target 80 as shown. The rotatable target 80 can be a gear having a plurality of
gear teeth formed in its outer surface. However, for purposes of simplicity and clarity,
the rotatable target 80 in Figure 5 1s illustrated as a simple circular shape. In an actual
application with an automobile engine, the rotatable target 80 would have one or more
teeth formed in its outer surface and would be disposed to rotate about an axis, as
represented by arrow R. The bolt 20 is passed through a clearance opening 18 in the
clamping bar 10 and disposed into threaded association with a hole 84 that is formed in
the object 70.

Figure 5 shows the arrangement of the present invention prior to tightening the

bolt 20 down into the threaded hole 84 of the object 70. In the configuration
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represented in Figure 5, the tubular portion 30 of the sensor can be manually pulled back
away from the target 80 or reinserted to verify that the distal end 60 is in firm contact
with the target 80.

Figure 6 shows the arrangement of Figure 5 after the bolt 20 is tightened into the
threaded hole 84 in object 70. As can be seen by comparing Figures 5 and 6, Figure 6
shows the clamping bar 10 pressed downward toward the object 70 by the natural
operation of the bolt 20. When the clamping bar 10 is pushed down toward the object
70, the deformable washer 24 is deformed into a generally flat shape as shown in Figure
6. The inner edge of the opening 28, which extends through the deformable washer 24
as illustrated in Figure 3, is pressed into the outer surface of the tubular portion 30 and
rigidly attaches the deformable washer to the tubular portion 30. As the washer attaches
to the tubular portion 30 in this way, it is being deformed through a combination of its
contact with the circular edge of the counterbore 76 and the lower surface of the
clamping bar 10. This causes the deformation of the washer 24 to raise the edge of its
opening 28 away from the target 80. Because of the attachment of this inner edge to the
tubular portion 30, the distal end 60 of the tubular portion 30 of the sensor is also raised

away from the target 80. When the deformable washer 24 is completely deformed into a

{flat shape, the distal end 60 is moved from its initial contact with the target 80 to a

second position that defines a gap G between the distal end 60 and the target 80. If the
dimensions of the deformable washer 24 are properly selected in conjunction with the
size of the counterbore 76 and the outer surface of the tubular portion 30, gap G can be
accurately predetermined.

Figure 7 illustrates the sensor in conjunction with the clamping bar 10 and the
deformable washer 24 prior to insertion of the tubular portion 30 into the opening 74 of
the object, as descriBed above in conjunction with Figures 5 and 6. During the process
of the present invention, the tubular portion 30 is inserted through opening 14 of the
clamping bar. The opening 14 of the clamping bar is sized to permit easy passage of the
tubular portion 30 therethrough. After passing the tubular portion 30 through opening _
14, the tubular portion 30 is passed through the central opening 28 of the deformable

~washer 24. The opening 28 should be sized to permit the tubular portion 30 to slide into

it. However, it is also beneficial to maintain intimate contact between the portion 30

and the washer 24. In addition, it should be understood that the opening extending
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through the deformable washer 24 need not be circular in shape. In some embodiments
of the present invention, the inner edge of the opening 28 can have a plurality of teeth to
facilitate passage of the washer over the tubular portion while also assisting in the rigid
attachment of those teeth to the outer surface of the tubular portion when the washer is
deformed. In addition, it should be realized that although only one bolt clearance hole
18 is shown in the clamping bar 10, two or more such clearance holes can be used in
conjunction with the present invention. When the clamping bar 10 and the deformable
washer 24 are associated with the tubular portion 30 as shown in Figure 7, the assembly
is ready for insertion into the hole 74 formed in the object 70. Figure 8 is an exploded
view which illustrates the relative positions of the object 70, the deformable washer 24,
the clamping bar 10, the sensor with its tubular portion 30 and the bolt 20.

With reference to Figures 5, 6 and 8, it can be seen that the downward pressure
provided by the clamping bar 10 compresses the thickness T of the deformable washer
24 between it and the object 70. This compression deforms the deformable washer into
a generally flat shape and also raises the distal end 60 of the tubular portion 30 of the
sensor away from the target. The magnitude of this position change, as the deformable
washer 24 is compressed by the clamping bar 10, is represented by gap G. The object
70 can be geometrically determined to result in an accurately set gap between the distal
end 60 of the tubular portion 30 and the target 80.

Figures 9 and 10 illustrate the way in which the deformation of the deformable
washer 24 achieves the positioning of the distal end 60 at a position which results in the
accurate setting of gap G between the distal end 60 and the target 80. With reference to
Figure 9, it can be seen that the deformable washer 24 is disposed in contact with the
edges of the counterbore 76 which is formed in the object 70. The position shown in
Figure 9 represents the status of the deformable object, as illustrated in Figure 3, prior to
its compression by the clamping bar 10. In Figure 9, it can be seen that the thickness T
of the deformable washer 24 is selected to result in a distance G between the upper
surface of the object 70 at the counterbore 76 and the bottom surface of the deformable
washer 24 where the opening 28 is formed. The geometry shown in Figure 9 results in a
movement of the distal end 60 of the tubular portion 30 by a distance G.

Figure 10 shows the deformable washer 24 after it has been flattened by the
compression of clamping bar 10 toward the object 70 by bolt 20. The flattening of the
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deformable washer 24 causes the bottom edge of the deformable member 24 at opening
28 to move upward into alignment with the upper surface of the object 70. This results
in an upward movement that is generally equivalent to distance G. If the inner edge of
opening 28 is in rigid contact with the outer surface of the tubular portion 30, this rigid
attachment will also cause the tubular portion 30 to move upward by the same
dimension G. The upward movement of the tubular portion 30 by distance G creates a
gap G between the distal end 60 and the target 80 as illustrated in Figure 6. The critical
dimensions necessary to achieve the functions described above include the thickness T
of the deformable washer 24, the dimension G shown in Figure 9 between the bottom
surface of the deformable member 24 and the upper surface of object 70 when the
washer is in contact with the edges of the counterbore 76 prior to deformation. In
addition, the clearance between the edge of opening 28 and the outer surface of the
tubular portion 30 shown be minimal to result in virtually instantaneous attachment
between the edge of opening 28 and the outer surface of the tubular portion 30 when the
deformation of the deformable washer 24 begins as a result of the clamping force
exerted against it by the clamping bar 10.

The present invention provides an inexpensive, but accurate, way of setting the
position of a sensor with respect to its target without the need of expensive and
complicated measurement and attachment techniques. Although the present invention
has been specifically illustrated to show one particularly preferred embodiment, it

should be understood that many other embodiments are within its scope.
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CLAIMS
1. A sensor attachment apparatus, comprising:

a sensor having a generally tubular portion;

a deformable washer, said tubular portion being slideably disposable within a
first opening of said washer;

a clamping bar, said clamping bar having a second opening therethrough, said
second opening being shaped to slideably receive said tubular portion therein and a third
opening; and

a bolt, said third opening being shaped to receive said bolt in slideable relation
therein, said bolt being engageable in threaded association in a hole of an object, said
deformable washer being compressible between said clamping bar and said object, said
deformable member being compressible into rigid attachment with said tubular portion
when said bolt is tightened to compress said clamping bar against said object, said
tubular portion being axially moved from a first position to a second position as a result

of said washer being deformed between said clamping bar and said object.

2. The apparatus of claim 1, wherein:

said sensor is a magnetically sensitive device.

3. The apparatus of claim 1, wherein:

said object is an automobile engine.

4. The apparatus of claim 1, wherein:

said washer is a conically shaped washer.

5. The apparatus of claim 4, wherein:

said conically shaped washer is a Belleville washer.

6. The apparatus of claim 1, wherein:

said tubular portion has a generally circular cross section.

7. The apparatus of claim 1, wherein:
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said tubular portion has a noncircular cross section.

8. The apparatus of claim 1, wherein:
said tubular portion is in contact with a rotatable object to be sensed when in
said first position and spaced apart from said rotatable object to be sensed by a

predetermined gap when in said second position.

9. The apparatus of claim 1, wherein:
said washer and said tubular portion are shaped to result in deformation of said

tubular portion when said washer is deformed.

10. A method of attaching a sensor to an object:

providing a sensor which has a tubular portion;

disposing said tubular portion through an opening formed through a clamping
bar;

disposing said tubular portion through an opening formed through a deformable
washer;

inserting said tubular portion into an opening of said object until a distal end of
said tubular portion touches a target; and

compressing said clamping bar to said object to deform said washer between
said object and said clamping bar, said washer being deformed to cause said distal end

of said tubular portion to move away from said target by a predetermined distance.

11. The method of claim 10, wherein:
said compressing step comprises the step of inserting a bolt through said

clamping bar and into said object and tightening said bolt into said object.

- 12.  The method of claim 10, wherein:

said object is an automobile engine.

13.  The method of claim 10, wherein:

said target is a rotatable member.
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14.  The method of claim 13, wherein:

said rotatable member is a gear.

15. A sensor attachment apparatus, comprising;

a sensor having a generally tubular portion;

a deformable washer, said tubular portion being slideably disposable within a
first opening of said washer;

a clamping bar, said clamping bar having a second opening therethrough, said
second opening being shaped to slideably receive said tubular portion therein and a third
opening; and

a bolt, said third opening being shaped to receive said bolt in slideable relation
therein, said bolt being engageable in threaded association in a hole of an object, said
deformable washer being compressible between said clamping bar and said object, said
deformable member being compressible into rigid attachment with said tubular portion
when said bolt is tightened to compress said clamping bar against said object, said
tubular portion being axially moved from a first position to a second position as a result
of said washer being deformed between said clamping bar and said object, said object
being an automobile engine, said tubular portion being in contact with a rotatable object
to be sensed when in said first position and being spaced apart from said rotatable object

to be sensed by a predetermined gap when in said second position.

16.  The apparatus of claim 15, wherein:

said sensor is a magnetically sensitive device.

17.  The apparatus of claim 1, wherein:

said washer is a conically shaped washer.

18.  The apparatus of claim 17, wherein:

said conically shaped washer is a Belleville washer.

19.  The apparatus of claim 15, wherein:



WO 95/29384 PCT/US95/05079
| -14-

said tubular portion has a generally circular cross section.

20.  The apparatus of claim 15, wherein:

said tubular portion has a noncircular cross section.
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