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MAGNETIC SENSING DEVICE

Cross-Reference to Related and Co-Pending Application
This application claims the benesfit of the filing date and disclosure of U.S,

Provisional Application Serial No. 61/737,435 filed on December 14, 2012, the
contents of which are entirely incorporated herein by reference as are all of the

references cited therein.

Field of the Invention

The present invention relates to a magnetic sensing device, and more
particularly to a magnetic proximity sensing device for sensing the presence of a
target made of a magnstic material. In one embodiment, the invention is
implemented in connection with a motor vehicle seat track position sensing
system

Backaground of the invention

Modern passenger vehicles commonly include advanced safety systems
including active restraints and a variety of airbags and other passive restraint
systems. One of the main obstacles for manufacturers and suppliers related to
safety standards is ansuring competitive price while including advanced safety
systems. Another issue particularly pertinent to airbag systems is implementing
provisions to deactivate or adjust airbag systems depending on various
conditions, including the relative seat position with respect to the instrument
panel.

fn response o increasingly complex safety specifications, inflatable safety
restraint lechnology has led to the development of what has been termed
"adaptive” or "smart” inflator devices and corresponding inflatable restraint
systems. Some adaptive systems incorporate multistage airbags to adjust
deployment depending on the relative seat position with respect to the instrument
panel. In these systems the position of each seat is monitored so that a vehicle
control unit can adjust the stage of each airbag. The disclosed invention relates
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to a system to monitor the position of vehicle seats and other related
applications.

Summary of the Invention

The present invention is directed to a magnetic sensing device for sensing
the presence of a target of a magnetic material comprising a generally U-shaped
magnet including a pair of spaced-apait legs and a base together defining a first
interior channel and a distal plane, a sensor assembly located in the first interior
channel and including a sensor extending above the distal plane of the magnet;
and the magnet baing adapted to generate a first region of low or no magnetic
flux in the region of the sensor above the distal plane of the magnet in a first
position of the magnet relative to the target, a second region of low or no
magnetic flux in the interior channel of the magnet in a second position of the
magnet relative to the targst, and a third region of magnstic Hux in the region of
the sensor above the distal plane of the magnet in the second position of the
magnet which causes the sensor to activate a control signal,

in one embodiment, the base of the magnet includes a pair of steps and a
recessed suiface between the steps defining a second interior channel in the
magnet that opens info the first interior channel,

in one embodiment, the recessed surface in the base of the magnet is
generally rectangular in shape and defines a generally rectangular shaped
second intertor channel in the magnet,

In one embodiment, the recessed surface in the base of the magnet is
generally concave in shape and defines a generally concave shaped second
interior channal in the magnet.

in one embodiment, the recessed surface in the base of the magnet is
generally v-shaped and defines a generally v-shaped second interior channel in
the magnet.
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The present invention is also directed to a magnetic sensing device for
use in a system for sensing the location of a vehicle seat on a track including a
fixed rail and a sliding rail that moves relative 1o the fixed rall, the magnetic
sensing device comprising a housing on the sliding rail, a magnet located in the
housing and adapted o generate a magnetic flux, the magnet including a pair of
legs defining a distal plane and a base there belween together defining a first
interior open channel, the base including a pair of steps and a recessed surface
there between defining a second interior open channel that opens into the first
interior open channel, a sensor assembly in the housing including a printed
circuit board extending into the first interior open channel in the magnet and a
sensor on the printed circult board and extending in a first region above the distal
plane of the legs of the magnet and adapted o sense the magnetic flux
generated by the magnet and activate a control signal in response fo the
movement of the sliding rail between at least a first position and a second
position wherein the housing is proximate the fixed rail, and the magnet
generating a magnetic flux having a first area of no or low flux adapted for
movement from the first region above the distal plane of the legs of the magnet
into the first interior open channel in the magnst in response to the movement of
the sliding rail between the first and second positions and the magnet generating
a magnetic flux having a second area of flux in the first region above the distal
plane of the legs of the magnet in the second position of the sliding rail that
causes the sensor to activate the control signal.

in one embodiment, the base of the magnst includes a pair of steps and a
recessed surface between the steps defining a second interior channel in the
magnet that opens into the first interior channel,

In one embodiment, the recessed surface in the base of the magnet is
generally rectangular in shape and defines a generally rectanguiar shaped
second interior channel in the magnet.

in one embodiment, the recessed surface in the base of the magnet is
generally concave in shape and defines a generally concave shaped second
interior channel in the magnet.
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In one embodiment, the recessed surface in the base of the magnet is
generally v-shaped and defines a generally v-shaped second interior channel in
the magnet.

The present invention is also directed to a proximity sensor unit
comprising a U-shaped permanent magnet comprising a channel portion
disposed between two sidewalls, each sidewalt having a stepped portion
proximate to a base portion, and a magnetic field sensor disposed in a region of
tow magnetic flux extending beyond a distal plane of the sidewalls, wherein the
sensor is configured 1o detect the presence of a ferromagnetic material.

in one embodiment, the stepped portions abut the base portion.

in one embodiment, a ramp portion extends from the base portion to a top
surface of the stepped portion.

in one embodiment, the ramp portion defines a profile having a gradually
increasing slope extending from the base portion to a top surface of the stepped
portion.

In one embodiment, the poles of the magnet are aligned along a
tongitudinal axis of the sidewalls.

in one embodiment, the magnetic field sensor is a Hall Effect device.

Further areas of applicability will become apparent from the description
provided herein. It should be understood that the description and specific
examples are intended for purposes of illustration only and are not intended to
limit the scope of the present disclosurs.

Detailed Description of the Drawings

FIG. 1 is pictorial perspective view of a seat frack system in an extended
position in accordance with the present invention;

FIG. 2 is pictorial perspective view of a seat track system in a retracted
position in conformance with the present invention;

FIG. 3 is a plctorial perspective view of a sensor housing or package in
accordance with the present invention;
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FIG. 4 is a cross-sectional vertical view of the U-shaped magnet and
sensor assembly in accordance with the present invention;

FIG. 5 is a profile side slevational view of the U-shaped magnet
demonstrating a characteristic magnetic field in accordance with present
invention;

FIG. 8 is a profile side elevational view of the U-shaped magnet proximate
to a ferromagnetic component demonstrating a characteristic magnetic field in
accordance with the present invention;

FIG. 7 is a pictorial perspective view of another implementation of a U-
shaped magnet in accordance with the present invention:

FIG. 8 is a profile side elevational view of the U-shaped magnet of FIG. 7
demonstrating a characteristic magnetic field in accordance with the prasent
ihvention:

FIG. ¢ is a pictorial perspective view of another implementation of a U-
shaped magnet in accordance with the present invention; and

FIG. 10 is a profile side elevational view of the U-shaped magnet of FIG. 9
demonstrating a characteristic magnetic field in accordance with the present
invention,

Detalled Dascription of the Embodiments

The magnetic sensing device or proximity sensor device described herein
may be utilized in a range of applications related to sensing changes in magnet
fields. The implementations disclosed herein are to be considered exemplary and
not limiting to the scope of the invention. One implementation of the magnetic
sensing device relates 1o sensing the position of a seat configured to slide and
adjust along rails commonly implemented in front seats of passenger motor
vehicles.

Refarring to FIG. 1, a magnetic sensing device assembly 102 incorporated
into a seal track system 104 is illustrated in conformance with the teachings of
the disclosed invention. The seat track system 104 comprises a stationary track
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or magnetic target 106 and a sliding rail 108 shown located in an extended
position in FIG. 1.

in this implementation, the track 108 is fixed 1o a floor of a passenger
vehicle and comprises an outer profile 110. The sliding rail 108 is disposed inside
the outer profile 110 of the frack 106 and slidably engages the track 106 alfowing
a seat 1o be positioned in the fore-aft direction {extended-retracted position} in
relation fo the vehicle. A mounting bracket 112 may be disposed at a distal end
portion 114 of the sliding rail 108 for attachment of a seat assembly or an
intermediate mounting bracket. The seat may be positioned along the fore aft
longitudinal axis by a lever configured to engage a series of retaining apertures
to hoid the seat in a desired position {not shown). Another implementation of the
disclosure may provide for a power seat adjustment system. The construction
and operation of seat adjustment systems are well known in the art and are only
outlined herein.

This implementation may further include the magnetic sensing device
assembly 102 comprising a sensor housing or package 116 attached to the
mounting bracket 112 and configured in the embodiment shown to extend
outward from an exterior face of the mounting bracket 112. The sensor housing
116 may be mounted such that when the seat is retracted in the aft or forward
direction, & sensor device 118 (FIGS. 3 and 4) disposed inside the sensor
housing 116 is arranged in proximity and overlying the outer profile 110 of the
track 1086,

Referring now to FIG. 2, the seat track system 104 is jllustrated having the
sliding rail 108 located in a retracted position in conformance with an
implementation of the present invention. FIG. 2 more clearly fllustrates a bottom
surface or wall or plate 202 of the magnetic sensing device assembly 102 being
configured to significantly align with, in a spaced and generally parallel and
overlying refationship with, an upper surface or wall 204 of the track 108, When
the sliding rail 108 is positioned or retracted such that the sensor device 118 in
the sensor housing 116 is aligned over the track or target 108, the sensor device
118 senses the presence of the ferromagnetic material of the track 108. The term



WO 2014/093763 PCT/US2013/074905

10

15

20

25

30

ferromagnetic herein refers to materials strongly attracted to magnets including
iron, nickel, cobalt, alloys thereof, ete. Once the sensor device 118 detects the
presence of the track 1086, a control signal may be activated 1o apprise a vehicle
control unit of a position of the seat in relation {0 a vehicle instrument panel.

Referring to FIG. §, a pictorial perspective view of the sensor housing or
package 116 of the assembly 102 is illustrated in accordance with the teachings
of the present invention. The sensor housing 116 comptises and defines an
interior insert mold cavity 302, a plurality of hollow and generally oylindrically
shaped sensor housing cover retention flanges 304 formed in the cavily 302, and
a hollow and generally cylindrically shaped mounting flange 306 protruding
outwardly from the exterior surface of one of the side vertical walls 118b of the
housing 118 for mounting the magnetic sensing device assembly 102 to the
mounting bracket 112, The insert mold cavity 302 is configured to receive and
house a generally U-shaped magnet 308 (FIG. 4) including two legs 310 having
interior sidewalls 312 defining an interior channsl or channel portion 314.

More specifically, and as shown in FIG. 4, the U-shaped magnet 308
includes two spaced-apan, parallel, vertical legs 310 unitary with a lower
horizontal connecting base 311. Each of the legs 310 includes an interior vertical
side wall 312 and the base 311 includes an interior upper recessed base wall
404, The sidewalls 312 and the base wall 404 together define the interior open
channel or channel portion 314 of the magnet 308 which includes a lowsr interior,
generally rectangular shaped recessed base channel or channel pottion 314a
that opens into a wider interior open central rectangular shaped open channel or
channel portion 314b.

Each of the legs 310 of the magnet 308 includes a distal horizontal end
surface or face 320 which togsther define the distal horizontal plane 318 of the
magnet 308.

in the smbodiment shown, the base channel portion 314a is defined by
the groove or recess that is formed in the base 311 by the recessed base wall
404 that extends downwardly into the matetial of the base 311 of the magnet
308. In the embodiment shown, the width and area of the recessed base
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channel portion 314a and the recessed base wall 404 is less than the width and
area of the upper channel portion 314a and less than the distance between the
opposed and facing interior side walls 312 of the legs 310 of the magnet 308 to
define a horizontal base shoulder or step portion or step or surface 402 between
each of the respective side walls 312 of the legs 310 and the base channel
portion 314a, Thus, in the embodiment shown, the recessed base wall 404 and
recessed channel 314a are located between the two steps 402 in the base 311,

During assembly of the magnetic sensing device assembly 102, the U-
shaped magnet 308 is disposed in the sensor housing 116 and retained therein
by resin material. As shown in FIG. 8, the housing 116 is generally square in
shape and includes a first pair of opposite initial side walls 116a and 116b and a
second pair of opposed vertical side walls 1168¢ and 116d normal with and
extending between the side walls 118a and 116b. The magnet 308 is disposed
in the interior of the housing 116 in a vertical relationship wherain the exterior
facing side wall 315 of the respective legs 310 is opposed and parallel to the
interior surface of the respective housing side walls 116a and 116b.

As described below in more detall, the U-shaped magnet 308 disclosed in
the present invention is constructed such that a region or area of low or no
magnetic flux, l.e., a region or area of flux with a minimal or zero
magnitude/strength that is not sensed by the sensor device 118 and is
insufficient to cause the sensory component of the sensor device 18 1o cause the
sansor device 118 o activate a controf signal, is formed bayond or above the
horizontal plane 318 defined by a distal horizontal and exterior surface or face
320 of the legs 310 of the magnet 308 and beyond and above the channel 314 of
the magnet 308 in the FIGS. 1 and 5§ positions of the magnet 308 and sliding rail
108. The materials used to produce permanent magnets are well known in the art
and may include alnico, ferrite, etc.

The configuration of the U-shaped magnet 308 generating the region of
low or no magnetic flux beyond and above the distal horizontal plane 318 of the
magnet 308 is imperative to ensure that the sensor device 118 can accurately
identify ferromagnetic material in the magnetic field of the U-shaped magnet 308,
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The following detailed description discloses exemplary implementations of the U-
shaped magnet 308 in conformance with the invention.

As shown in FIGS. 3 and 4, the sensor assembly 318 comprises the
sensor device 118 capable of sensing changes in the magnitude/strength andfor
direction of a localized magnetic field or flux (e.g. Hall Effect Sensors, magneto-
diodes, magneto-transistors, magnetometers, etc.), and preferably comprises a’
HED. The sensor assembly 316 further comprises a pair of terminals 324 and
control circuitry in the form of capacitors, inductors, etc. (generally designated
with the numeral 325 in FIG. 3} to ensure proper operation of the sensor device
118. The sensor device 118 is disposed on top of the outer surface of a substrate
or printed circuit board 317 of the sensor package 316 to position a sensory
component of the sensor device 118 central to the region of low or no magnetic
flux bayond the distal plane 318,

More specifically, in the embodiment shown, the sensor assembly 316
includes a generally T-shaped pate or substrate or integrated printed circuit
board 317 that is located and mounted in the cavity 302 of the housing 116 ina
relationship wherein a central post or leg portion 317a of the T-shaped plate 317
is located in and extends through the upper portion 314b of the channel 314 of
the magnet 308 and a top portion 317b of the T-shaped plate 317 is located and
extends between the respective side walls 1186a and 116b of the sensor housing
116. The sensor device 118 and capacitors, inductors elfc., generally designated
with the numeral 325 are seated on the top surface of the leg portion 317a of the
plate 317 and positioned such that a lower portion of the sensor 118 is located in
the open channel 314 of the magnet 308 and an upper portion of the sensor 118
and sensory component (not shown) theraof extends oul of the channel 314 and
is located in the region or area above and beyond the distal end face 320 of the
legs 310 of the magnet 308 and the distal horizontal plane 318 of the magnet
308. The terminals 324 extend through the top portion 314b of the plate 317,

Refenring to FIG. 4, a vertical cross-sectional view of the U-shaped
magnet 308 and sensor assembly 316 are illustrated in accordance with the
teachings of the present invention. The U-shaped magnet 308 shown has a



WO 2014/093763

10

15

20

25

30

PCT/US2013/074905

shape consistent with the profile illustrated from front to back. The north pole N
and the south pole S of the U-shaped magnet 308 are aligned perpendicular to
the distal horizontal plane 318, the horizontal base wall 311 of the magnet 308,
and the horizontal plate 317 of the sensor assembly 316. FIG 4 depicts the north
pole N proximate to the top distal horizontal surface 320, of each of the legs 310
of the magnet 308, and the south pole proximate to the bottom, proximal
horizontal base wall 311 of the magnet 308. The polarity in this implementation
and any others disclosed herein may be reversed from the dirsction pictured in
the FIGS. and still remain in accordance with the disclosure,

FIGS. 4 and 5 further demonstrate the sensor device 118 seated against
on the outer surface 326 of the plate 317 of the sensor assembly 316 and
protruding out of and above the channel portion 314 of the magnet 308. The
sensory component {not shown) of the sensor device 118 is located in the upper
portion of the sensor device 118 and is disposed beyond and above the distal
horizontal plane 318 of the magnet 308 and beyond and above the distal
horizontal face 320 of the respective legs 310 of the magnet 308 and within the
region of low or no flux generated by the magnet 308 in the FIGS. 1 and &
positions of the sliding rail 108 and magnet 308. The configuration of the sensory
component of the sensor 118 in this implementation provides for the sensor 118
to accurately detect changss in the magnitude and/or direction of the magnetic
field or flux of the U-shaped magnet 308 by positioning the sensory component in
the region of low or no flux outside and above both the channs! portion 314 and
the distal horizontal plane 318.

Referring to FIG. 5, a profile view of the U-shaped magnet 308
demonstraling a characteristic magnetic field 502 is lustrated in accordance with
the teachings of the present invention. The magnetic field is denoted by flux lines
demonstrated herein by a piurality of arrows 504, The arrows 504 indicate the
direction of flux flowing from the north pole to the south pole S. North pole
regions P are further identified by the areas whare the flux arrows exit the U-
shaped magnet 308. In this implementation, a region or area of low or no
magnetic flux 506 is generated by the aforementioned physical properties of the

10
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U-shaped magnet 308 and is illustrated as the region or area having no or
minimal arrows, further emphasized in the illustration by a phantom rectangular
box generally designated 506a.

The combination of U-shaped configuration of the magnet 308, with
vertical spaced-apart legs 310, horizontal base 311, interior channel 314
between the legs 310, recessed channe! 314a defined in the base 311 and
horizantal steps 402 between the channel 314a and the legs 310 generate a
region of low or no flux 506a beyond and above the distal horizontal plane 318,
the distal horizontal face 320 of the respective legs 310 of the magnet 308, and
the channel 314 in the FIG.1 position of the sliding rail 108 relative to the
stationary rail 106. In some implementations of the magnet 308, the region of
low or no flux 506 may be located at least 0,1 mm outside of the channel portion
314 relative to the distal plane 318 and the distal face 320 of the legs 310 of the
magnet 308.

Thus, as described above, a distinct advantage of the exemplary
configurations disclosed herein is the creation of a region of low or no flux 508a
defining a sensory component location beyond and above the distal horizontal
plane 318 defined by the horizontal distal end face 320 of the legs 310 of the U-
shaped magnet 308. The various implementations disclosed herein allow for the
use of smaller magnets which may translate into cost savings and reduced size
propottions of the magnetic sensing device assembly 102 and the sensor
housing 1186.

Referring to FIG. 6, a profile view of the U-shaped magnet 308 proximats
to a ferromagnetic component or target 802 (such as, for example, the seat track
106) demonstrating a characteristic magnetic field 804 is illustrated in
accordance with the teachings of the present invention. A shifted or firm region or
area of no or low magnstic flux 506b, generally designated by a first phantom
rectangular box, is created and disposed in the channel portion 314 of the
magnet 308 due to the introduction of the ferromagneatic component 802 in the
magnetic field 604, and a region of flux 808, also generally designated by a
phantom rectanguiar box and defining a sensory component location or region or

11
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area, demonstrates that the sensory component {not shown) located in the
upper portion of the sensor 118 is now exposed to the magnetic field 604. As
ilustrated by the arrows passing through the sensory component location, flux
passes through the sensor 118 and the sensory component thereof in a generally
up and down and vertical relationship and direction generally normal to the
longitudinal or horizontal axis of the sensor 118 when the ferromagnetic
component 602 is present. The flux passing through the sensory componant, and
more specifically the magnitude/strength andfor direction of the magnetic flux in
region or area of flux 608, is of a sufficient predetermined minimum value that
causes the sensor device 118 to activate a control signal to apprise the vehicle
control unit of the presence of a ferromagnetic material. In the seat track system
104 implementation disclosed herein, the presence of the control signal may
notify the vehicle control unit that the seat is in a retracted position as shown in
FiG. 2.

Thus, as described above, FIG. 5 shows the magnetic flux generated by
the magnet 308 with the sliding rail 108 in its extended position {foreward
position of the vehicle seat) relative to the stationary rail 106 as shown in FIG. 1.
FIG. 6 shows the magnetic flux generated by the magnet 308 with the sliding rail
108 in its retracted position (aft/rearward position of the vehicle seat) relative to
the stationary rail 106 as shown in FIG. 2 in which the magnetic sensing device
102 overlies the stationary rail 108,

As described above, the movement of the sliding rail 108 from its FIG. 1
position into its FIG. 2 position causes the region or area of low or no magnetic
flux to move from its first position generally designated by the box 536a in FIG. 5,
in which the region or area of low or no magnetic flux is located in the region or
area above the horizontal distal plane 318 of the magnet 308 and the channel
314 of the magnet 308, to the second position generally designated by the box
508b in FIG, 6, in which the region or area of low or no magnaetic flux is located
below the horizontal plane 318 of the distal magnet 308 and in the portion 314b
of the channel 314 of the magnet 308. Moreover, the movement of the sliding
rail 108 between its FIG. 1 and FIG. 2 positions also generates an area or region

12
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of magnetic flux 608 in the region or area above the distal horizontal plane 318
formerly occupied by the region or area of no flux 506a, the magnitude and/or
direction of which is detected and sensed by the sensory component of the
sensor 118 and causes the activation of a signal that identifies the location of the
vehicle seat.

Thus, the movement of the sliding rail from its FIG. 1 position into its FIG.
2 position causes the previously low or no flux region 506a in FIG. 5 to become
the flux region 608 of FIG. 6 and the low or no flux region 508a to move down
into the channsl 314 and become low or no flux region 506b,

FIGS. 7-10 depict two further magnet embodiments 702 and 802 which
differ in shape and configuration from the magnet 308 but are adapted to
generate magnstic flux regions and fields similar in orientation and function to the
magnetic flux fields generated by the magnet 308 and thus the eatlier description
of the magnetic flux regions and fields with reference to FIGS. 5 and 6 is
incorporated herein by reference with respect to the magnet embodiments 702
and 802,

Referring to FIG. 7, a pictorial perspective view of another implementation
of a U-shaped magnet 702 is illustrated in accordance with the teachings of the
disclosed invention. Similar to the U-shaped magnet 308 introduced in FIG. 8,
this implementation comprises a U-shaped magnet 702 having two legs 704
comprising interior sidewalls 706 and an interior channel or channel portion 708,
The U-shaped magnet 702 may also be disposed in the sensor housing 116 and
incorporated into the magnstic sensing device assembly 102 in the same manner
as disclosed in FIG. 1 and thus the earfier description is incorporated hersin by
reference with respect to the magnet 702. The U-shaped magnet 702 further
comprises steps or stepped portions 710 disposed inside the channel portion
708, extending along a base section or portion 712, and abutting each leg 704. A
base ramp portion 714 extends between the stepped portions 710

More specifically, and as shown in FIG. 7, the U-shaped magnst 702
includes a pair of spaced-apart, parallel vertical legs 704 unitary with a lower
horizontal connecting base 712. Each of the legs 704 includes an interior vertical

13
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side wall 706 and the base 712 includes an interior upper recessed base wall or
ramp portion 714. The side walls 706 and the recessed base wall or ramp
portion 714 together define the intetior open channel portion 708 of the magnet
702 which includes a lower interior, generally semi-circular or concave shaped,
recessed base channel or channel portion 708a that opens into a wider and large
interior open central, generally rectangular shaped, channel or channel portion
708b.

in the embodiment of FIG. 7, the recessed concave base channel 708a is
defined by the generally semi-circular or concave shaped recessed ramp portion
or wall 714 of the base 712 which defines a generally concave and semi-circular
shaped groove or recess in the base 712 of the magnet 702. in the embodiment
shown, the width of the ramp portion or wall 708 and area of the channel 708a is
less than the distance betwsen the interior vertical side walls 706 of the legs 704
of the magnet 702 and the area of the channel 708b o define the horizontal base
shoulder or step portion or step or surface 710 between each of the respective
side walls 706 of the legs 704 and the base channgl portion 708a defined by the
base ramp portion 714. Thus, in this embodiment, the recessed base wall 714
and recessed base channel 708a are located between the two steps 710 in the
base 712.

In the embodiment of FIG. 7, the recessed base ramp portion or wall 714
defines a profile having a gradually increasing slope extending from the base
portion 712 to the stepped portion 710. This implementation also provides for a
region of low or no magnetic flux defining a sensory component location and
being formed beyond a distal horizontal plane 718 defined by a distal, horizontal,
surface or face 720 of the legs 704 of the magnet 702. The north pole N and the
south pole 8 of the U-shaped magnet 702 are aligned and extend in a direction
perpendicular to the distal horizontal plane 718 and in the same direction as the
vattical lags 704 of the magnet 702.

Referring to FIG. 8, a profile view of the U-shaped magnet 702
demonstrating a characteristic magnetic fisld 802 is illustrated in accordance with
the teachings of the present invention. The magnetic field 802 is denoted by fux
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lines demonstrated herein by a plurality of arrows 804. The arrows 804 indicate
the direction of flux flowing from the north pole N to the south pole S. In this
implementation, a region or area of low or no magnetic flux 806 is generated by
the physical properties of the U-shaped magnet 702 and more specifically the
combination of a U-shaped magnet 702 with vertical legs 704, horizontal base
712, interior channel 708 between the legs 704, concave channel portion or
recess 708a defined in the base 712, and steps 710 between the channel portion
708a and the legs 704, and is illustrated as the region or area having no arrows,
further emphasized in the illustration by a phantom rectangular box generally
designated by the numeral 806. In the same manner as described sarlier and
shiown in FIG. 5, the region of low or no flux 808 defines a sensory component
location beyond and above the distal horizontat plane 718 and the distal
horizontal end faces 720 of the legs 704 of the magnet 702 providing for the use
of smaller magnets which may translate into cost savings and reduced size
proportions of the magnetic sensing device assembly 102 and the sensor
housing 1186.

Thus, and although not described herein in detail, it is understood that
FIG. 8 depicts the magnetic field generated by the magnet 702 in the FIG. 1
position of the sliding rail 108 and that the movement of the sliding rail 108 from
its FiG. 1 position into its FIG. 2 position will resull in the generation by the
magnet 702 of a magnetic field similar to the magnetic field depicted in FIG. 6
resuiting in the movement of the region or area of low or no Hux 806 from the
position in FIG. 8 to the position generally designated by the box 506b in FIG. 6
and also the generation of a region of flux 608 in the region or area formerly
occupied by the region or area of low or no flux 806 in FIG. 8 that allows the
sensory component of the sensor 118 to generate a control signal.

Referring to FIG. 9, a pictorial perspective view of another implementation
of a U-shaped magnet 802 is illustrated in accordance with the teachings of the
disciosed invention. This implementation of the U-shaped magnet 902 is
substantially similar to the implementations disclosed in FIGS. 4 and 7, having
like features and properties the description of such like features and properties
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bieing incorporated herein by reference. The pertinent differences from the
implementation of FIG. 7 comprised in this implementation include a ramp portion
804 extending from the base portion 906 to a step portion 908, The ramp portion
804 in this implementation differs in that the slope of the ramp 504 is
substantially constant extending from the base portion 906 to the top step 908
and forming a triangular profile. Similar to other implementations, this
implementation also provides for a region of low or no magnetic flux defining a
sensory component location formed beyond a distal plane 912 of the magnet and
distal horizontal end face 920 of the legs 314 of the magnet 502.

More specifically, and as shown in FIG. 9, the U-shaped magnat 802
includes two spaced-apar, paralie! vertical legs 814 unitary with a lower
horizontal connecting base 808, Each of the legs 906 includes an interior vertical
side wall 218 and the base 908 includes an interior upper recessed base wall or
ramp portion 804, The side walls 916 and the base wall or ramp portion 804
together define the interior open channe! portion 918 of the magnet 502 which
includes a lower interior, generally tiangularly-shaped, recessed base channel or
channel portion 918a that opens into a wider and larger interior open central
generaily rectangular-shaped, channel or channel portion 918b.

in the embodiment of FIG. 9, the recessed base channs! or channel
portion 918a is defined by the generally triangularly-shaped recessed ramp
portion or wall 904 of the base 806 which defines a generally tiangularly-shaped
recessed groove or recess extending into the material of the base 806 of the
magnet 902. In the embodiment shown, the width of the recessed ramp portion
or wall 204 and the area of the channel 918a is less than the distance between
the interior vertical side walls 916 of the legs 914 of the magnet 902 and the area
of the channel 818b and defines the horizontal base shoulder or step portion or
step or surface 808 between sach of the respective side walls 818 of the legs
804 and the base channel portion 818a defined by the base ramp portion 904,
Thus, in the embodiment shown, the recessed base wall 804 and recessed
channel 318a are located between the two steps 908 in the base 906,
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Referring to FIG, 10, a profile view of the U-shaped magnet 902
demonstrating a characteristic magnetic field 1002 is lustrated in accordance
with the teachings of the present invention. In this implementation, a region of
low or no magnetic flux 1004 is generated by the physical propenties of the U-
shaped magnet 902 and more specifically the combination of a U-shaped magnet
902 with vertical legs 914, horizontal base 906, interior open channels 918a and
918k, and the steps 908 and is illustrated as the region having minimal or no
arrows, futher emphasized in the illustration by a rectangular box generally
designated with the numeral 1004. In this implementation as in the other various
implementations disclosed herein and the description of which is incorporated
herein by reference, the sensory component of the magnetic sensing device is
located in a region of low or no flux located outside the channel portion 818 and
horizontal plane 912 of the magnet 902 in the FIG.1 position of the magnetic
sensing device 102,

Thus, and although not described herein in detail, it is understood that
FIG. 10 depicts the magnetic field generated by the magnet 802 in the FIG. 1
portion of the sliding rail 108 and that the movement of the sliding rail 108 from
its F1G. 1 position into iis FIG. 2 position will result in the generation by the
magnet 802 of a magnetic fisld similar to the magnetic field depicted in FIG. 6
resulting in the movement of the region of low or no flux from the position in FIG,
10 to the position generally designated by the box 508b in FIG. 6 and also the
generation of a region of flux 808 in the region or area formerly occupied by the
region or area of low or no flux 806 FIG. 10 to allow the sensory component of
the sensor 118 to generate a control signal,

The magnetic sensing device described herein may be embodied in other
forms without departing from its spirit or characteristics. The described
embodiments are to be considered in all respects only as illustrative and not
restrictive. The scope of the invention is therefore, indicated by the appended
claims rather than by the foregoing description. Al changes which come within
the meaning and range of equivalency of the claims are to be embraced within
their scope.

17



WO 2014/093763

10

15

20

25

30

PCT/US2013/074905

What is claimed is:

1. A magnetic sensing device for sensing the presence of a target of a

magnetic material comprising:

a generally U-shaped magnet including a pair of spaced-apart legs
and a base together defining a first interior channe! and a distal plane:

a sensor assembly located in the first interior channe! and including
a sensor extending above the distal plane of the magnet; and

the magnet being adapted to generate a first region of low or no
magnetic flux in the region of the sensor above the distal plane of the magnet in
a first position of the magnet relative to the target, a second region of low or no
magnetic fiux in the interior channel of the magnet in a second position of the
magnet relative {o the target, and a third region of magnetic flux in the region of
the sensor above the distal plane of the magnet in the second position of the
magnet which causes the sensor o activate a control signal.

2, The magnetic sensing device of claim 1, wherein the base includes
a pair of steps and a recessed surface between the steps defining a second
interior channe! in the magnet that opens inlo the first interior channel.

3. The magnetic sensing device of claim 2, wherein the recessed
surface is generally rectangular in shape and defines a generally rectangular
shaped second interior channel! in the magnet.

4. The magnetic sensing device of claim 2, wherein the recessed
surface is generally concave in shape and defines a generally concave shaped
second interior channel in the magnet.

5, The magnetic sensing device of claim 2, wherein the recessed

surface is generally v-shaped and defines a generally v-shaped second interior

channel in the magnet,
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8. A magnetic sensing device for use in a system for sensing the
location of a vehicle seat on a track including a fixed rail and a sliding rail that
moves refative 1o the fixed rail, the magnetic sensing device comprising:

a housing on the sliding rail;

a magnet located in the housing and adapted to generate a
magnetic flux, the magnet including a pair of legs defining a distal plans and a
base therebetween togsther defining a first interior open channel, the base
including a pair of steps and a recessed surface therebetween defining a second
interior open channet that opens into the first interior open channet:

a sensor assembly in the housing including a printed circuit board
extending into the first interior open channel in the magnet and a sensor on the
printed circuit board and extending in a first region above the distal plane of the
legs of the magnet and adapted o sense the magnetic flux generated by the
magnet and activate a control signal in response to the movement of the sliding
rail between at least a first position and a second position whersin the housing is
proximate the fixed rail: and

the magnet generating a magnetic flux having a first area of no or
low flux adapted for movement from the first region above the distal plane of the
legs of the magnet into the first interior open channel in the magnet in response
to the movement of the sliding rail between the first and second positions and the
magnet generating a magnetic flux having a second area of flux in the first region
above the distal plane of the Jegs of the magnet in the second position of the
sliding rail that causes the sensor to activate the control signal.

7. The magnetic sensing device of claim 8, wherein the base includes

a pair of steps and a recessed surface between the steps defining a second
interior channel in the magnet that opens into the first interior channel.
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8. The magnetic sensing device of claim 7, wherein the recessed
surface is generally rectangular in shape and defines a generally rectangular
shaped second interior channel in the magnet.

9. The magnetic sensing device of claim 7, wherein the recessed
surface is generally concave in shape and defines a generally concave shaped
second interior channel in the magnet.

10.  The magnetic sensing device of claim 7, wherein the recessed
surface is generaily v-shaped and defines a generally v-shaped second interior
channel in the magnet.

1. A proximity sensor unit comprising:

a U-shaped permanent magnst comprising a channel portion
disposed between two sidewalls, each sidewall having a stepped portion
proximate to a base portion; and

a magnetic field sensor disposed in a region of low magnetic flux
extending beyond a distal planie of the sidewalls, wherein the sensor is
configured to detect the presence of a ferromagnetic material,

12.  The proximity sensor unit of claim 11, wherein the stepped portions
abut the base portion.

13.  The proximity sensor unit of claim 12, further comprising a ramp
portion extending from the base portion to a top surface of the stepped portion.

14, The proximity sensor unit of claim 13, wherein the ramp pottion
defines a profile having a gradually increasing slope extending from the base
portion to a top surface of the stepped portion.
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15.  The proximity sensor unit of claim 12, whersin the poles of the

magnet are aligned along a longitudinal axis of the sidewalls.

16.  The proximity sensor unit of claim 11, wherein the magnetic field

sensor is a Hall Effect device.
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