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facing the stationary sensor 2, the surface having circumferentially ar-
ranged alternating magnetic segments 6, 36 and non-magnetic segments
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A wheel speed sensor arrangement

TECHNICAL FIELD

The invention relates to a wheel speed sensor arrangement comprising a
stationary sensor and a rotating sensor wheel for measuring the individual wheel
speed for vehicles such as trucks and personal cars. The stationary sensor is
arranged on a wheel axle and placed in front of a rotatable sensor wheel mounted

on a likewise rotatable wheel hub.
BACKGROUND OF THE INVENTION

In vehicles such as trucks or personal cars, wheel speed measurements are
common. One reason for wishing to determine the wheel speed of a vehicle may
be to use the information in regulating the braking force in order to achieve an
optimal braking performance. Knowledge of the wheel speed facilitates
maintaining of an optimal force on each axle or even on each wheel such that the

force may be kept just below the limit where skidding may occur.

Another reason for measuring the wheel speed may be for stability control where
information about the wheel speed will be sent to a computer stability system
(ESP). Yet another reason for measuring the wheel speed may be to determine if

the vehicle moves or is parked, which may be useful in some applications.

Wheel speed sensors comprising a stationary sensor and a rotating sensor wheel
are well known in the art. When the sensors are used for brake control, the brake
system is dependent on correct information regarding the speed of each individual
wheel. The most common approach to get this information is by using a stationary
sensor that is mounted somewhere on the wheel axle, which is a non-rotating part,
and a corfesponding sensor wheel that is mounted on the wheel hub, which is a

rotating part. The sensor wheel has varying magnetic properties along its
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circumference. The stationary sensor uses a magnetic field to detect the variation
in magnetic properties as the sensor wheel rotates and gives an alternating

electrical signal to the brake system from which the wheel speed is calculated.

The rotating sensor wheel may be placed on the wheel hub which has the same
rotating speed as the wheel to which it is attached. One commonly used rotating
sensor arrangement component is a wheel having annularly placed magnetic
spokes separated by slots. A signal is sent from the stationary sensor measuring
the number of slots passing the stationary sensor. Another commonly used sensor
wheel is made from magnetic material and has circumferentially arranged
alternating grooves and ridges resulting in a measurable variation in magnetic
properties depending on the varying distance between the rotating sensor wheel
and the stationary sensor device. A problem with these sensor wheels is that they
are highly prone to collect dirt in the slots or grooves between the magnetic
spokes or ridges which severely affects the function of the sensor device and the
accuracy of the wheel speed measurements. In order to protect the rotatable
sensor wheel from dirt or water it may therefore be provided with a protective
cover. The cover is made of non-magnetic material so as not to interfere with the

signal from the wheel speed sensor system.

For general information the wheel speed sensor is attached to the wheel hub
which is concentrically attached to a non-rotating axle such as a wheel axle. More
precisely, the wheel hub is journalled on the wheel axle by roller bearings in order

to reduce the friction between the fixed wheel axle and the rolling wheel.

Generally, a wheel speed sensor works using an iron cored coil with a magnet
attached to one end. When a piece of ferrous metal is moved towards the end of
the sensor it changes the shape of the magnetic field in the coil and the changed
magnetic field then induces a current to flow in the windings of the coil resulting in

a small amount of electricity being generated.

The sensor arrangement can only detect movement of ferrous objects near the
stationary sensor so it is typically used for speed sensing, for example as a wheel

sensor in an ABS system. The sensor arrangements need to be robust and not to



10

15

20

25

30

WO 2013/157999 PCT/SE2012/000055
3

be affected by dirt. The stationary sensors which are used have a very high signal
output making them less sensitive to noise which is ideal for automotive

applications.

JP 8-327 638 discloses a wheel speed sensor comprising a stationary sensor and
a rotating sensor wheel. The sensor reads off the circumference of the rotating
sensor wheel which is equipped with circumferentially separated magnetic
elements. The rotating sensor wheel is connected to the wheel and to a cover
shielding against intrusion of dirt or water. The cover is provided with an opening
and the stationary sensor is directed towards the opening when measuring the
wheel speed. One problem with the wheel speed sensor in JP 8-327 638 is that
dirt may force its way through the opening into the rotating sensor wheel.

US-B2- 7 350 976 discloses a wheel speed sensor with a cover of a non-magnetic
material placed in front of a rotating sensor wheel, or between the sensor wheel
and the stationary sensor. Detection of rotational speed as well as the lifetime of
the sensor arrangement is taught to be improved and the non-magnetic cover is
said to prevent intrusion of dirt and water. However, a major problem with the
solution in US-B2- 7 350 976 is that the cover placed in front of the rotating wheel
is bulky and takes up too much space which is a considerable disadvantage in
vehicle construction where economy of space as well as weight are of utmost
importance. Moreover, the part of a vehicle where the wheel speed sensor is

mounted is already fully loaded and has very limited available space.

Normally, an amount of dirt is collected from the surroundings because the wheel
is subject to a dirty environment. The material collected on the cover has no effect
on the sensor or on the measurement of the speed since the cover is non-

magnetic.

It would be desirable to provide a wheel speed sensor which can be used in any
environment including very dirty environments and environments containing
material which may be detrimental to the function of the wheel speed sensor. An
example of such an environment may be a mining environment where particles

containing iron are present. Additionally it would be optimal if the wheel speed
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sensors could be made more weight and space efficient, without sacrificing the

protection offered by a cover.

Accordingly, it is an object of the invention to provide a contamination insensitive
wheel speed sensor arrangement which may be used in different types of
environments including an environment where it will be exposed to iron-containing
dirt. It is a further object of the invention to offer such a wheel speed sensor

arrangement having reduced space requirements.

SUMMARY OF THE INVENTION
In accordance with the invention, there is now offered an improved vehicle speed

sensor arrangement.

The vehicle speed sensor arrangement comprises a stationary sensor placed in
front of a rotatable sensor wheel concentrically mounted on a rotatable wheel hub
wherein the rotatable sensor wheel has a surface facing the stationary sensor, the
surface having circumferentially arranged alternating magnetic segments and non-

magnetic segments.

The two different kinds of segments on the rotatable sensor wheel are placed in a
contiguous relationship next to each other and preferably form a smooth or
substantially smooth surface. In this manner, dirt is prevented from being
deposited on the rotating sensor wheel and, in particular, from being accumulated
between the magnetic segments of the sensor wheel. Accordingly, there is no risk
of dirt deposits on the sensor wheel interfering with the function of the sensor
arrangement. Furthermore, a cover placed in front of the rotating sensor wheel is
made redundant resulting in a slimmer and more space efficient sensor

arrangement than was previously possible to achieve.

An advantage with the proposed speed sensor arrangement is that the rotatable
sensor wheel having alternating segments of non-magnetic material makes it
possible to place the speed sensor in an environment where iron particles are
present. Dirt including iron particles is prevented from accumulating on the annular

sensor since there are no cavities in which ferruginous dirt may gather.
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The above described vehicle speed sensor arrangement may comprise a rotatable
sensor wheel comprising a frame structure having regularly spaced cavities
wherein the frame structure is magnetic and the cavities contain a non-magnetic
filler material. More in detail, the magnetic frame structure may form the magnetic
segments and the filled cavities may form the non-magnetic segments in between

the magnetic segments.

Filler material is defined as an evenly distributed and relatively smooth piece with
a defined hardness. The shape and size of the filler material are made to
completely fit the cavities in which the filler material is placed. The magnetic filler
material may, for example, be made of steel. The non-magnetic filler material is
preferably made of heat resistant plastic material such as epoxy, melamine
etcetera which may be conveniently shaped in a desired form by known methods.
Magnetic material may also be any magnetic metal or may be an alloy or a
polymer composite providing the alloy or composite contains a sufficient amount of
magnetic material. One example may be a polymer composite containing

magnetic particulate material dispersed in the polymer composition.

The vehicle speed sensor arrangement may alternatively have a reverse
configuration to that described above and may comprise a rotatable sensor wheel
comprising a frame structure having regularly spaced cavities wherein the frame
structure is non-magnetic. The cavities may then contain a magnetic filler material.
The non-magnetic frame structure forms the non-magnetic segments and the filled

cavities form the magnetic segments.

To have a frame structure as described above facilitates the possibilities to
manufacture the speed sensor arrangement and it also gives a robust and durable
construction. A frame structure manufactured in one piece makes a solid

arrangement and is durable in a demanding environment.

The vehicle speed arrangement may have segments evenly distributed around the
circumference of the rotatable sensor wheel. Accordingly, the magnetic segments

may be equidistantly arranged in the circumferential direction of the sensor wheel.
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This means that the segments of non-magnetic material separating the magnetic
segments are of equal width. Likewise, the non-magnetic segments may be
equidistantly arranged in the circumferential direction of the sensor wheel implying
that the segments of non-magnetic material separating the magnetic segments are
of equal width. The spacing between the magnetic segments may be different from
the spacing between the non-magnetic segments, or the magnetic segments may
be arranged with the same spacing as the non-magnetic segments. This can
alternatively be expressed as the widths of the magnetic segments being different
from or equal to the widths of the non-magnetic segments as it is the width of the

intervening segments which decide the size of the spacing.

The sensor wheel may be a rotating disc with the magnetic and non-magnetic
segments arranged as alternating portions on the radial surface of the disc. In a
sensor wheel of this kind, at least one of the non-magnetic segments and the
magnetic segments will generally be wedge-shaped to compensate for the
increase in circumference which takes place when moving in a radial direction
from the centre of the sensor wheel to the periphery thereof. A disc-shaped sensor
wheel may either be a circular plate with the magnetic and non-magnetic
segments arranged at least at the periphery of the plate. Alternatively, the sensor
wheel may be in the form of a ring-shaped disc with a central hole. When the
segments are wedge shaped, the width of the segments will vary in the radial
direction of the sensor wheel. In such case, the implication of the widths of the
non-magnetic and/or magnetic segments being equal in the circumferential
direction of the sensor wheel is that the widths are equal when measured at the

same radial distance from the centre of the wheel.

In a speed sensor arrangement, the stationary sensor device will be placed in a
facing relationship with the segment carrying surface of the disc-shaped sensor
wheel such that the variation in electric signal can be registered by the stationary
sensor device as the senor wheel rotates in front of the stationary sensor device.
Accordingly, in this arrangement the stationary sensor device is placed parallel

with the axial direction of the sensor wheel.
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The sensor wheel may alternatively be in the form of a rotating cylinder having the
alternating magnetic and non-magnetic segments arranged in an axial direction on
the radial surface of the cylinder. In an arrangement of this kind, the stationary

sensor device is placed perpendicular to the axial direction of the sensor wheel.

The cavities in the sensor wheel frame structure may be constituted of through
holes or may be formed as grooves or holes penetrating only through a part of the
thickness of the frame structure. In the latter case the surface of the sensor wheel
frame structure may be made of a sintered sheet from which material is milled off
to get a desired shape with valleys and peaks. The valleys are thereafter filled with
a suitable material, which may be magnetic or non-magnetic depending on the

properties of the sintered sheet material.

Through holes allow for a simple and hands-on manufacturing process and after
the holes have been punched they are filled with magnetic or non-magnetic

material as required depending on the properties of the frame structure.

The non-magnetic segments may be constituted of plastic material.
Plastic material is advantageous since it is easy to handle, light-weight and may

be shaped and applied by known techniques.

The surface of the rotatable sensor wheel which is facing the stationary sensor
may be even without any gaps or irregularities. The surface is preferably smooth
in order to further improve the dirt-repelling properties of the rotatable sensor
wheel. An even and smooth surface may be accomplished by ascertaining that the
segments of the sensor wheel have the same thickness and that they fit perfectly
together to produce a contiguous surface without any gaps or other irregularities in
which dirt may be accumulated. It is further possible to apply a thin non-magnetic
coating such as a thin plastic coating over the surface of the sensor wheel or to
produce the wheel by molding a non-magnetic frame structure in which the
magnetic material is incorporated such that the magnetic material is enclosed and

protected by the non-magnetic material.
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Thus, an advantage with the proposed speed sensor arrangement is that the
rotatable sensor wheel having alternating segments of non-magnetic material
makes it possible to place the speed sensor in an environment where iron particles
are present. Dirt including iron particles is prevented from accumulating on the

annular sensor since there are no cavities in which it is easy for dirt to gather.

The magnetic material used in this invention is ferromagnetic, which is described
as a non-linear magnetic material, and is a permanent magnet, unlike the material

which turns magnetic only when placed in an external magnetic field.

Another advantage with the proposed speed sensor arrangement is that there is
no need for a separate cover to be mounted in front of the sensor wheel since the
sensor wheel has an even surface without any cavities or irregularities. The
presence of alternating segments still ascertains that wheel speed may be
measured with a conventional stationary sensor. The sensor wheel according to
the invention is made in one piece with non-magnetic material used instead of air-
filled slots between magnetic elements in the sensor wheel. The proposed speed
sensor arrangement therefore has been made more compact than previously
known arrangements using separate covers implying that the whole vehicle speed
sensor arrangement may be made less bulky and space-consuming than has
heretofore been possible.

This is a very important and advantageous feature for a wheel speed sensor
device which is used in an area of a vehicle where a great number of components

are arranged.

As set out above, the segments may be formed in a frame structure having
regularly spaced cavities wherein the frame structure is made from magnetic
material and the cavities are filled with non-magnetic material. This option makes it
possible to manufacture the sensor wheel practically and is a simple way of
realising the invention. The size of the magnetic and non-magnetic segments is
either equal or of different sizes in radial and/or the circumference direction. For
ease of manufacturing and in order to simplify operation of the sensor
arrangement the distance between the segments may preferably be the same.

The magnetic material is made of for example steel. The non-magnetic material is
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preferably made of heat resistant plastic such as epoxy, melamine etcetera which

is convenient to shape in a desired form.

Further, the segments may constitute a frame structure having regularly spaced
cavities wherein the frame structure is made from a non-magnetic material and the
cavities are filled with a magnetic material. In this case the magnetic pieces may
be placed and glued into the correct positions or may be placed in a mold together
with the non-magnetic material. Further options for producing the sensor wheel
exist, such as injection-molding of magnetic and non-magnetic polymer material.

The frame structure may be manufactured using die-casting.

Further, the segments are evenly distributed around the circumference of the
rotatable sensor wheel. This is preferred for an easy use of the vehicle speed
sensor arrangement and counting of the magnetic segments is facilitated with
evenly distributed segments. The stationary sensor may be attached to the end of
the wheel axle. The sensor wheel is preferably attached to the hub and the hub
may be anchored to the wheel axle via two conically shaped cylinder bearings.

The cavities may be constituted of through holes. This embodiment is

comparatively easy to manufacture. Additionally, this feature gives the possibility
to easily exchange one type of segment. In some manufacturing cases it may be
easier to attach the material in a through hole. This is for instance the case when

the sensor wheel is mounted to an annular plate.

As an example the sensor wheel may take the form of a ring wherein the inner
diameter d1 of the ring may be 40 - 200 mm, preferable 132 mm. The exterior
diameter d2 may be 50 - 300 mm, preferably 146 mm. The distance between the
stationary sensor and the sensor wheel may be 0 - 2 mm as an example,
preferably as close as possible. The number of slots may be around 100 per

revolution on a sensor wheel.

The distance between the stationary sensor and the sensor wheel is important for
the function of the measurement. The reading may not function if the distance is
too large. If the distance is too small a risk of collision between the components
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arises. If clay is gathered between the stationary sensor and the sensor wheel

wear may appear.

The non-magnetic material may be constituted of plastic material. Plastic material
makes the manufacturing facilitated since plastic has moulding capabilities and
can be coloured in suitable colours. Plastic material is enough hardwearing and
this is an important feature because the wheel is subject to a dirty environment
which also means that for instance gravel will graze the surface of the plastic

segments.

The magnetic and non-magnetic segment may be of different width between them.
However, all the magnetic segments preferably have the same width in the same
vehicle speed sensor arrangement. Also, all the non-magnetic segments

preferably have the same width.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention together with the above-mentioned and other objects and
advantages may best be understood from the following detailed description of the
embodiments, but not restricted to the embodiments, wherein is shown

schematically:

Fig. 1 an embodiment of a vehicle speed sensor arrangement,
Fig. 2 a detailed view of a sensor wheel; and
Fig. 3 a further detailed view of a sensor wheel

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

In the drawings, equal or similar elements are referred to by the same reference
numerals. The drawings are merely schematic representations, not intended to
portray specific parameters of the invention. Moreover, the drawings are intended
to depict only typical embodiments of the invention and therefore should not be

considered as limiting the scope of the invention.
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Fig. 1 shows a vehicle speed sensor arrangement 1 comprising a stationary
sensor 2 arranged on a wheel axle 3, more specific on the axle shaft. The
stationary sensor 2 is placed in front of a rotatable sensor wheel 4 concentrically
mounted on a likewise rotatable wheel hub 5 wherein the sensor wheel 4 has
circumferentially alternating segments 6, 7 of magnetic and non-magnetic material.
Thus, the wheel hub 5 as well as the stationary sensor 2 are mounted on the axle

shaft of the wheel axle 3.

Fig. 2 shows a rotatable sensor wheel 4 comprising a frame structure 8 in the form
of an annular plate having regularly spaced cavities 9. The frame structure 8 is in
itself made of magnetic material and the cavities 9 contain non-magnetic filler
material. The magnetic frame structure 8 forms the magnetic segments 6 and the
filled cavities 9 form the non-magnetic segments 7. Preferably, every second
segment is magnetic and every second segment is non-magnetic. The surface 10
facing the stationary sensor 2 of the sensor wheel is thus a substantially even
surface constituted of circumferentially alternating magnetic segments 6 and non-
magnetic segments 7, i.e. the thickness of the rotatable sensor wheel is
substantially constant around the annular ring. Iron containing dirt may thus not

affect the measurement since dirt cannot be held in the filled cavities.

Fig. 3 shows another sensor arrangement with a rotatable sensor wheel 34
comprising a frame structure 38 having regularly spaced cavities 39. The frame
structure 38 is in itself made of non-magnetic material and the cavities 39 contain
magnetic filler material. The magnetic frame structure 38 forms the non-magnetic

segments 37 and the filled cavities 39 form the magnetic segments 36.

It is proposed that the segments 6, 7, 36, 37 are evenly distributed around the
circumference of the rotatable sensor wheel. Equidistantly distributed segments
give the advantage that it facilitates the measurement of the speed since the
measured distance of each segment is the same. The width w1 of the non-
magnetic segments are the same along the surface as well as the width of the
magnetic segments w2 of the magnetic segments are the same, even though the

width of the different kinds of segments may be different, that is wi=w2 or w1#w2.
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Yet another proposal is that the cavities 9, 39 are constituted of through holes. It
gives above all production advantages since punching through holes is a

convenient and common way of manufacturing details.

The non-magnetic material may be constituted of plastic material, which is

advantageous since plastic is easily formable.

Accordingly, as set out above, the invention provides improved handling
possibilities for driving in different environment in mines as well as in other
ferriferous environment. The possibilities and flexibility to drive a truck in different
surroundings are enhanced by using the described invention. Moreover the
invention entails considerably reduced volume compared to a solution with a cover
placed in front of the rotatable sensor wheel. Design freedom is also achieved as
well as it facilitates the construction of speed measurement arrangements.
Although the sensor wheels shown in the figures have radially arranged segments
the inventions is also applicable to sensor wheels having axially arranged

segments.
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CLAIMS

A vehicle speed sensor arrangement (1) comprising

a stationary sensor (2) placed in front of a rotatable sensor wheel (4)
concentrically mounted on a rotatable wheel hub (5) characterized in the
rotatable sensor wheel (4) having a surface (10) facing the stationary
sensor (2), the surface having circumferentially arranged alternating

magnetic segments (6, 36) and non-magnetic segments (7, 37).

A vehicle speed arrangement according to claim 1, characterized in that the
rotatable sensor wheel (4) comprises a frame structure (8) having regularly
spaced cavities (9) wherein the frame structure (8) is magnetic and the
cavities (9) contain a non-magnetic filler material and wherein the magnetic
frame structure (8) forms the magnetic segments (6) and the filled cavities

(9) form the non-magnetic segments (7).

A vehicle speed sensor arrangement according to claim 1, characterized in
that the rotatable sensor wheel (4) comprises a frame structure (38) having
regularly spaced cavities (39) wherein the frame structure (38) is non-
magnetic and the cavities (39) contain a magnetic filler material and
wherein the non-magnetic frame structure (38) forms the non-magnetic

segments (37) and the filled cavities (39) form the magnetic segments (36).

A vehicle speed arrangement according to claims 2-3, characterized in that

the cavities (9, 39) are constituted of through holes.

. A vehicle speed arrangement according to claims 2 -3 characterized in that

the cavities (9,.39) are formed as grooves and holes penetrating through a

part of the thickness of the frame structure.
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A vehicle speed arrangement according to claims 1-5, characterized in that

the non-magnetic segments (7, 37) are constituted of plastic material.

A vehicle speed arrangement according to claims 1-6, characterized in that
the magnetic segments (6, 36) are equidistantly arranged in the

circumferential direction of the sensor wheel (4).

A vehicle speed arrangement according to claims 1-7, characterized in that
the non-magnetic segments (7, 37) are equidistantly arranged in the

circumferential direction of the sensor wheel (4).

A vehicle speed arrangement according to claims 1-8, characterized in that
surface of the rotatable sensor wheel (4) which is facing the stationary

sensor (2) is even without any gaps and irregularities.

A vehicle speed arrangement according to claim 1 — 9, characterized in that
a thin non-magnetic coating such as a thin plastic coating is applied over
the surface (10) of the sensor wheel.

A vehicle speed arrangement according to claim 1 — 10, characterized in
that the inner diameter d1 of the sensor wheel is 40 - 200 mm and the
exterior diameter is 50 - 300 mm.
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