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LOW-PROFILE TRANSMISSION GEAR POSITION SENSQR

CROSS REFERENCE TO RELATED APPLICATION

{0001 This application claims the benefit of U.S. Provisional application 62/264,572 filed

December 8, 2015, and hereby incorporated by reference,

FIELD OF THE INVENTION

{0862] The present invention relates to a sensor suitable for sensing a gear position of a

mechanical fransnyission, and specifically to a Hall effect sensor having an extremely low profile.

BACKGROUND OF THE INVENTION

{00063] A mecharical transmission, for example, as used in an all-terrain vehicle, may provide

mualtiple gear posttions, for example: high, low, neutrs], reverse, and park, as are generally understood
i the art, Often if is destrable to provide an electrical signal indicating the gear position, for example,
to provide visual feedback to the user.

{0004] Existing sensors providing an electrical signal indicating gear position may use a set of
conwentric electrical contacts arranged along ares about a conumon center. Such a contact base design
destrably produces an extremely low profile sensor system; however, multiple connector wires are
required to convey the angular information from the sensor.

{8005} For this reason, an alternative design may use a potentiometer instead of contacts. The
potentiometer provides an arbitrarily fine angular resolution eliminating the need for a large namber of
wires associated with different contacts. Nevertbeless, it is difficult to build reliable and low profile
potentiometers for use in the field environments for which the sensor is intended.

[6006] US patent application 13/581,374 filed May 4, 2014, assigned to the assignee of the
present invention and hereby incorporated by reference, describes an improved sensor using contacts
that offer reliable electrical operation. In this design the contacts conmunicate with a resistor ladder
to provide potentiometer-like ouiputs reducing the number of wires required to communicate with the
sensor. The contacts and resistive ladder are fabricated on a printed circuit board allowing the range
and resistance values to be readily adjusted for different applications with low tooling costs and
providing the desirable low-profile.

[60417] Each of these designs requires close tolerance parts that must make and break electrical

contact and that are therefore subject to disruption by contarination and high vibration.
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SUMMARY OF THE INVENTION

{0008] The present invention provides a transmission gear position sensor that uses a Hall
effect sensor for increased resistance lo damage and contamination. Effective use of a Hall effect
sensor is made practical in this environment in close proximity to the ferrous compenents of the
transmission through the use of a nonferrous spacer shaft that may accurately hold a magnet within an
assernbly constructed of nonferrous thermoplastic. Robust construction of the sensor from nonferrous
materials such as plastic is made possible through the use of large area bearings suitable for plastic. A
low profile is obtained by mounting the Hall effect sensor on the backside of a printed circuit board
placed between the nonferrous spacer shaft and the sensor. Precise integration of a magnet into the
nonferrous spacer shaft is provided through the use of a crush rib and welding system.

{8609} In one embodiment, the invention provides a {ransmission gear position sensor for
transmission providing a ferrous gear selector shaft. The transmission gear position sensor includes a
housing holding a nonferrous spacer shaft, a Hall effect sensor, and a connector. The nonferrous
spacer shaft has a first portion interfitting with an end of the gear selector shaft to rotate the nonferrous
spacer with rotation of the gear selector shaft along a common axis and has a second end supporting an
axially-centered permanent magnet. The Hall effect sensor is positioned proximate to the second end
and aligned with the axis to sense rotation of the nonferrous space, and the connector provides
conduciors exposed through the housing and communicating with a Hall effect sensor to output
electrical signals indicating multiple different rotation positions of the nonferrous spacer indicating
gear positions of the transmission,

{00197 It is thus a feature of at least one embodiment of the Invention to make use of a robust
Hall effect sensor and magnet in an extreniely compact housing by encasing the magnet and Hal}
effect sensor in nonferrous materials that space these elements away from the ferrous components of
the transmission.

{6011} The nonferrous spacer shaft may be a polymer material and in particular a
thermoplastic polymer material.

{8012} 1t is thus a feature of at least one embodiment of the invention to provide a design
employing readity manufactured ponferrous thermoplastic materials that is sufficiently robust for use
in the environment of the transmission.

{88131 The housing may include mounting holes parallel to and flanking the axis and further
including metal shoulder bushings received in the mounting holes 1o extend between axial edges of the

mounting holes to absorb the force of mounting bolts attaching the housing via the mounting holes.
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{6014} It is thus a feature of at least one embodiment of the invention to provide a
thenmnoplastic housing that can be used in lien of more robust housing materials normally associated
with the transmission while reducing the possibility of crushing the thermoplastic material when used
with standard mounting bolts,

[6815} The housing may include a first portion providing a cavity open toward the
transmission and providing an axially perpendicular stop surface receiving an inner peripheral surface
of a printed circuit board holding the Hall effect device; a second porlion resting against an outer
peripheral surface of the printed circuit board and providing an axially perpendicular stop surface
receiving an tner surface of a radially extending flange on the nonferrous spacer shaft; and a third
portion having a bore receiving a shaft portion of the nonferrous spacer shaft and fitting over an outer
surface of the radially extending flange of the nonferrous spacer shaft to sealably retain the nonferrous
spascer shaft within the cavity.

{00186] 1t1s thus a feature of at least one embodiment of the invention to provide a
thermoplastic housing that can sealably retain a rotating shaft while holding precise separations
between the magnet and Hall effect sensor necessary for a low profile sensor. The multiple elements
of the housing provide contact and support surfaces that would otherwise be difficult to fabricate.

{0817} The Hall effect sensor may be supported on a side of the printed cirouit board away
from the magnet.

{80 18] Itis thus a feature of at least one embodiment of the invention to provide close
proximity between the Hall effect sensor and the magnet by eliminating the need for clearances
between other components of the printed circuit board and the magnet.

{6019} The bousing may include in-molded electrical connectors extending generally
perpendicular to the axis ocutside of the housiug and axially inside the housing to receive the circuit
board through an opening in the housing.

{8020} it is thus a feature of at least one embodiment of the invention to provide in-molded
connectors offering high-quality sealing against environmental contamination while permitting readily
assembly of the printed circuit board and housing,

{0021] The transmission gear position sensor may include a housing that provides an opening
extending along the axis and inctudes a bushing providing a rim perpendicular to the axis and slidably
abutting a correspomding rim of the nonferrous spacer shaft to support the nonferrous spacer shaft at

constant distance from the Hall effect mounted on the housing,
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{6622] It 1s thus a feature of at least one embodiment of the invention to provide a positive
insertion stop with respect o the magnet ensuring precise placement of the magnet with respect to the
Hall effect sensor.

{6623} The transmission gear position sensor may further include an elastomeric seal between
the housing and a face of the transmission whereby the housing may be sealed against the transmission
around the ferrous gear selector shaft,

{0024] It 1s thus a feature of at least one embodiment of the invention to provide high-quality
sealing with low attachment forces that might warp or etherwise distort a thermoplastic housing.

[6625] The housing provides a bore extending along the axis and slidably contacting a
eylindrical journal portion of the nonferrous spacer and further provides a channel adjacent to and
centered arcund the bore holding an elastomeric seal between opposed axially extending sucfaces of
the housing and the nonferrous spacer moving with respect to each other when the nonferrous spacer
moves with the fervous gear selector shaft,

{026} It is thus a feature of at least one embodiment of the invention to provide for a positive
rotational support of the nouferrous spacer between thermoplastic elements as well as an elastomeric
seal separated from the rolational support to provide sealing without jeopardizing positional accuracy,

{0827] The transmission gear position sensor may further include an elastomeric seal between
the housing and a face of the transmission whereby the housing may be sealed against the transmission
around the ferrous gear selector shaft,

[0028] It 1s thus a feature of af least one embodiment of the invention to provide good sealing
properties of the housing to the transmission without excessive forces that could cause distortion or
cold flow of the thermoplastic housing.

{0029} The magnet may provide magnet peles positioned on opposite sides of the axis and
opposed along a plane substantially perpendicular to the axis.

[OB30] It is thus a feature of at Jeast one embediment of the nvention to produce a magnetic
flux providing high resolution rotational sensing using a coaxial Hall effect sensor in close proximity
to the transmission providing a compact sensor housing.

{0031} The nonferrous spacer shaft may be a thermoplastic material and the second end of the
nonferrous spacer may include a bore having crush ribs crushed with installation of the magnet withun
the bore.

[0832] It is thus a feature of at least one embodiment of the invention to provide a simple

‘method of ensuring rotational fixity of the magnet without damage to the magnet.
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{0033f The bore may further include stabilizer ribs that are not crushed with insertion of the
magnet within the bore to abut sides of the magnet paraliel to the axis when the magnet is placed
within the bore.

{0034] 1t is thus a feature of at least one embodiment of the invention to ensure precise
location of the magnet independent of the deformation of the crush ribs.

[8835] The bore may further include tabs of thermoplastic material of the nonferrous spacer
meltably retaining the magnet.

{6036} 1t is thus a feature of at least one embodiment of the invention to positively lock the
magnet mnto the bore using the thermoplastic properties of the nonferrous spacer shaft,

{6037] These and other features and advantages of the invention will become apparent to those
skalled in the art upon review of the following detailed description, claims and drawings in which like

numerals are used to designate hike features.

BRIEF DESCRIPTION OF THE DRAWINGS

{0038] Fig. 1 is an exploded view of the sensor system of the present invention and a

transnussion shifter shaft to which it atiaches;

{8035} Fig 2 is a cross-sectional view along line 2 — 2 of Fig. | of the fully assembled sensor
prior to attachment to the transmission shifter shaft showing a nonferrous spacer shaft held within a
nonferrous housing;

{8048 Fig. 3 is & view of the nonferraus spacer shaft prior to installation of a button magnet;

{8041} Fig. 4 is an end view of a socket on the spacer shaft before receiving the button magnet
showing locating and crush ribs; and

[8€42] Fig. 5 is a cross-section along line 5 - 5 of Fig. 4 showing an ultrasonic staking of the
magnet in place.

{6043} Before the embodiments of the invention are explained in detail, it is to be understood
that the invention is not limited in its application to the details of construction and the arrangement of
the components set forth in the following description or {llustrated in the drawings. The invention is
capable of other embodiments and of being practiced or being carried out in various ways. Also, it is
to be understood that the phraseology and terminology nsed herein are for the purpose of description
and should not be regarded as limiting. The use of "including” and "comprising" and variations
thereof Is meant to encompass the items listed thereafter and equivalents thereof as well as additional

items and equivalents thereof.
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DETAILED DESCRIPTION OF THY PREFERRED EMBODIMENTS

[8044] Referring now to Fig. 1, a transmmssion 10 may include a gear selector shaft 12

extendmy along axis 17 from a transoussion housing 16 to be received by a gear position sensor 14.
Typically the gear selector shaft 12 will be a steel or ferrous shaft and may be exposed through an
opening in a transnussion housing 16 that may also be a ferrous material such as steel or iron ore
which may include ferrous components.

{0045} Referring now to Figs. 1 and 2, the sensor 14 may include an outer sensor housing 18
having an interface surface 20 that may attach to an outer face 15 of the transmission housing 16 as
assembled along the axis 17 and as held to the transmission housing 16, for example, by means of
bolts (ot shown) recetved through mounting holes 22, The mounting holes 22 are positioned on
transversely opposed tabs 24 of the outer sensor housing 18, the 1abs extending along the plane of the
interface surface 20 and aligned with corresponding threaded holes 26 in the transmission housing 16
that may receive threaded portions of the holts,

{0046} A blind bore 28 opens from the interface surface 20 and defines a cylindrical cavity 19
that will hold other components of the gear position sensor 14 to be described. A set of electrical
conductors 30 may project along axis 17 up from a bottont of the bore 28 parallel to the axis 17 and
then may bend by 90 degrees to extend along a transverse axis through a wall of the outer sensor
housing 18 as in-molded o the thermoplastic material of the sensor housing 18. The bends in the
conductors 30 may be fully embedded in and supported by the molded thermoplastic material of the
sensor housing 18 to project out within the cavity 19 at one end and at the other end out of & connector
sleeve 32 extending transversely from the sensor housing 18 and adapted to receive and mechanically
interconnect with a corresponding connector (not shown) and it's contained conductors. These
conductors 30 may desirably be nonferrous brass or copper alloy materials.

[66471 A disk-shaped printed circuit board 36 may be sized to Gt within the blind hore 28 to
rest on a ledge 38 projecting radiaily inward along the walls of the bore 28 spaced up from the bottom
of the blind bore 28 along axis 17. Conductive pads 40 having holes ringed by electrical printed
circuit board traces may receive the projecting ends of the conductors 30 within the cavity 19 to be
soldered thereto with solder 41. An inner surface of the printed circuit board 36 adjacent to the bottom
of the bore 28 may suppoit a Hall effect sensor 44 capable of measuring a magnetic vector to provide
a signal resolving the vector orientation about the axis 17 of approximately 360 degrees. The Hall
effect sensor 44 may communicate with the conductors 30 by traces on the printed circuit board 36
{and conductive vias passing therethrough). Hall effect sensors 44 suitable for this purpose are

available from a wide variety of venders including, for example, from Honeywell under the tradename
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AFS00B "High-Resolution Magnetic Angolar Position Sensor IC" and from Allegro Microsystems
LLC under the fradename of A133SLLETR-T as well as other manufacturers and may provide an
angular range of over 90 degrees and preferably over 180 degrees through one or more continuously
varying voltage outputs,

{0048] The Hall effect sensor 44 is attached to the printed circuit board 36 on the far side of
the printed circuit board 36 with respect to the gear selector shaft 12 and with respect to a
drametrically magnetized button magnet 42 (as will be described) so as to reduce the profile height
measured along axis 17 of the sensor 14 while providing sufficient separation between the magnet 42
and the Hall effect sensor 44 so that the tlux lines from the magnet 42 are predominantly organized
perpendicular to axis 17 as 1s necessary for maxinnon sensitivity. The printed circuit board 36 may be
a nonferrous material such as an epoxy fiberglass having copper traces.

[6649] A nonferrous and ideally thermoplastic spacer ring 46 may be placed on top of the
printed circuit board 36 to contact s outer peripheral edge when the latter is installed within the bore
28. The spacer ring 46 provides a first axial support surface for a nonferrous transducer spacer shaft
48 by contacting a radially extending flange 50 of the transducer spacer shaft 48. An inner swface of
this flange 50 rests on an axial outward exposed surface of the ring 46 to accurately position the
transducer spacer shaft 48 ata given separation from the Hall effect sensor 44. The radially extending
flange 50 extends by a radius at least twice the radius of the button magnet 42, the latier centered
along axis 17 so as to provide for a high degree of axial alignment of the transducer spacer shaft 48
and hence the button magnet 42 with respect to the housing 18 with reasonable tolerances of the
spacer ring 46 and transducer spacer shaft 48,

{0038} As will be discussed further below, the button magnet 42 attaches to an inner surface of
the transducer spacer shaft 48 facing the printed circuit board 36 and is centered on axis 17. A
nonferrous and ideally thermoplastic bearing ring 52 fits over a front end of the transducer spacer shafi
48 and provides a central bore 54 aligned with axis 17 and receiving outer cylindrical journal surface
56 of the transducer spacer shaft 48. The bearing ring 52 has an outer circumference that fits tightly
against the tnner walls of the cvlindrical bore 28 and thereby serves to consirain radial movement of
the transducer spacer shaft 48 while allowing it to frecly rotate within the bore 54,

{0051] With particular attention to Fig. 2, the bearing ring 52 may include grooves holding O-
rings 60 and 62, O-ring 60 is on a face of the bearing ring 52 parallel to and aligned with interface
surface 20 to abut the outer surface of the transmission housing 16 when the sensor 14 is placed on the

transinission housing 16. In this respect, O-ring 60 seals the opening through which the gear selector
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shaft 12 is exposed through the teansmission housing 16 to prevent transmission fluid fron leaking
beyond the O-ring 60.

{0052] O-ring 62 seals are placed between the outer journal surface 56 of the transducer spacer
shaft 48 and inner bore 58 of the bearing ring 52 to prevent leakage of transmission fluid into the area
of the printed circuit board 36 although some leakage can be readily accommodated due to the
hermetic nature of the Hall effect sensor 44 and the ability of magnetic fields to pass through such
fluid.

{G053] Exposed on an outer end of the eylinder forming the outer journal surface 56 is an
axially extending rotational key 66 that may {it within a corresponding keyway 68 cut in the end of the
gear selector shaft 12 so that the rotation of the gear selecior shaft 12 is communicated to the
transducer spacer shaft 48 so that the two rotate together. Ideally there is no rotational play between
the rotational key 66 and keyway 68; however, axial play is allowed and this axial play permits the
sensor 14 to operate in a manner indifferent to axial end play of the gear selector shaft 12. An outer
surface of the flange 50 rests against an interface of the bearing ving 52 to constrain the transducer
spacer shaft 48 inside of the housing 18 against movement out of the housing 18.

[0054] The bearing ring 52 may be nltrasonically welded at weld points 69 to the housing 18,

{B6S8] The holes 22 may include shoulder bushing inserts 70 of a stiffer or stronger material
than the theemoplastic of the hoasing 18 to resist compressive foree of the bolts that hold the housing
18 to the transmiission housing 16. Desirably these inserts 70 are nonferrous, for example, a glass
fiber-reinforced polymer material. and extend through the holes 22 to le flush with opposite faces of
the housing.

{0056} Referring now to Figs. 3 and 4, the button magnet 42 may be generally eylindrical in
shape and have a transverse or diametric magnetization along transverse axis 72 perpendicular to axis
17 and the axis of symmetry of the eylinder of the button magnet 42, The inner side of the flange 50
of the transducer spacer shaft 48 may support a generally cylindrical socket 76 exposing an axially
aligned and centered opening for receiving the button magnet 42 therein, Generally the opening has
radially mward projecting locator tabs 80 which abut an outer periphery of the button magnet 42 when
the button magnet 42 is inserted into the socket 76 and which provide an alignment guide for the axis
of magnetization which should extend across the wider of the tabs with the south end of the magnet
aligned with an eccentric extreme of the key 66 measured perpendicular to axis 17. The socket 76 also
includes inwardly extending crush ribs 82 that must deform to admit the magnet 42 and thereby press
tightly agamst the outer periphery of the magnet 42 when it is so installed to present rotation of the

button magnet 42 around the axis 17.

¥
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[B837] Referring to Fig. 5, the button magnet 42 may be placed slighily below a lip 84 of the
socket 76 himited by a stop element 83 projecting slightly upward from the bottom of the socket 76,
and the tabs 80 may be compressed downward by ultrasonic welding tool 86 to provide an inwardly
extending lip B8 of melted material that passes over the top of the edge of the button magnet 42 to
retain it within the socket 76. In this way, the magnet 42 may be firmly and accurately placed in the
transducer spacer shaft 48 without the need for metallic attachment elements.

{0858] Various features of the invention are set forth in the following claims. 1t should be
understood that the fovention 1s not Himited in its application to the details of construction and
arrangements of the components set fovth herein. The invention is capable of other embodiments and
of being practiced or carried out in various ways. Variations and modifications of the foregoing are
within the scope of the present invention. It also being undersiood that the invention disclosed and
defined herein extends to all alternative combinations of two or more of the individual features
mentioned or evident from the text and/or drawings. All of these different combinations constitute
various alternative aspects of the present invention. The embodiments deseribed herein explain the
best modes known for practicing the mvention and will enable others skilled in the art to usilize the

invention,
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WHAT IS CLAIMED IS:
1. A transnuission gear position sensor for a transmission providing a ferrous gear selector

shaft, the sensor comprising:

a housing holding:

a nonferrous spacer shaft having a first portion interfitting with an end of the gear selector shaft
to rotate the nonferrous spacer with rotation of the gear selector shaft along a commeon axis and further
having a second end supporting an axially centered permanent magnet;

a Hall effect sensor positioned proximate to the second end and aligned with the axis to sense
rotation of the nonferrous spacer; and

a connector having conductors exposed through the housing and communicating with a Hall
effect sensor to provide electrical signals indicating multiple different rotation positions of the

nonferrous spacer indicating gear positions of the transmission.

2 The transmission gear position sensor of claim 1 wherein the nonferrous spacer shaft is

a polymer material.

3. The transmission gear position sensor of claim 2 wherein the nonferrous spacer shaft is

a thermoplastic polymer material.

4. The transmission gear position sensor of claim 3 wherein the housing is a thermoplastic
material,
5. The transmission gear position sensor of claim 4 wherein the housing includes

mounting holes parallel to and flanking the axis and further including shoulder bushings received in
the mounting holes to extend between axial edges of the mounting holes to absorb the force of

mounting bolts attaching the housing via the mounting holes.

6. The transmission gear position sensor of claim 4 wherein the housing includes:
a first portion providing a cavity open toward the transmission and providing an axially
perpendicular stop surface receiving an inner peripheral sarface of a printed circuit board holding the

Hall effect device;

10
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a second portion resting against an outex peripheral surface of the printed circuit board and
providing an axially perpendicular stop surface receiving an inner surface of a radially extending
flange on the nonferrous spacer shaft; and

a third portion having a bore receiving a shaft portion of the nonferrous spacer shaft and fitting
over ant outer surface of the radially extending flange of the nonferrous spacer shaft to sealably retain

the nonferrous spacer shaft within the cavity,

7. The transmission gear position sensor of vlaim 4 wherein the Hall effect sensor is

supported on a nonferrous printed circuit board held by the housing;

8. The transmission gear position sensor of claum 7 wherein the Hall effect sensor is

supported on a side of the printed circuit board away from the magnet.

9. The transmission gear position senser of claim 7 wherein the housing includes in-
molded electrical connectors extending generally perpendicular to the axis outside of the housing and

axially inside the housing to receive the circuit board through an opening in the housing.

10, The transmission gear position sensor of claim 4 wherein the housing provides a bore
extending along the axis and slidably supporting a cylindrical journal portion of the nonferrous spacer
and further provides a channel adjacent and centered around the bore holding an clastomeric seal
between opposed axially extending surfaces of the housing and the nonferrous spacer moving with

respect to each other when the nonferrous spacer moves with the ferrous gear selector shaft.

Pl The wansmission gear position sensor of claim 4 further including an elastomeric seal
between the housing and a face of the transmission whereby the housing may be sealed against the

transmission around the ferrous gear selector shaft.

12, The transmission gear position sensor of claim 4 wherein the housing includes a
circumferential rim providing a stop surface perpendicular to the axis slidably receiving a
corresponding surface of the nonferrous spacer shaft limiting insertion of the nonferrous spacer shaft

along the axis into the housing to a predetermined distance.

11
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3. The transmission gear position sensor of claim 1 wherein the magnet provides magnet
poles positioned on opposite sides of the axis and opposed along a plane substantially perpendicular 1o

the axis.

14, The transmission gear position sensor of claim 13 wherein the nonferrous spacer shaft
is a thermoplastic material and the second end of the nonferrous spacer includes a bore having radially

inwardly extending crush ribs crushed with installation of the magnet within the bore.

15, The transmission gear position sensor of claim 14 wherein the bore further includes
radially inwardly extending stabilizer ribs that are not crushed with insertion of the magnet within the

bore to abut sides of the magnet parallel to the axis when the magnet is placed within the bore.

16, The transmission gear position sensor of ¢laim 12 further inchuding tabs of

thermoplastic material of the nonferrous spacer meltably retaining the magnet,

17.  The transmission gear posttion sensor of claim 1 wherein the first end of the nonferrous
spacer includes a key element received 1n a corresponding key slot in the shalt resisting relative

rotation between the second end and the shaft.

18. A transmission gear position sensor for transmission providing a fervous gear selector
shaft, the sensor comprising:

a printed circuit board holding a Hall effect sensor;

a polymer spacer shaft having a first portion interfitting with an end of the gear selector shaft
to rotate the polymer spacer shaft with rotation of the gear selector shaft along a common axis and
further having a second end supporting an axially centered permanent magnet;

a polymer housing having:

{a) a first portion providing a cavity open toward the transmission and providing
an axially perpendicular stop surface receiving an inner peripheral surface of the
priuted circuoit board;

(b} a second portion resting against an outer peripheral surface of the printed
circuit board and providing an axially perpendicular stop surface receiving an inner

surface of a radially extending flange on the polymer spacer shaft; and

12
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{c} a third portion having a bore receiving a shaft portion of the polymer spacer
shaft and fitting over an ovter surface of the radially extending flange of the polymer
spacer shaft to sealably retain the polymer spacer shaft within the cavity;

a Hall effect sensor positioned proximate to the second end and aligned with the axis to sense
rotation of the polymer spacer; and

a connector having conductors exposed through the housing and communicating with a Hall
effect sensor to provide electrical signals from the Hall effect sensor indicating multiple different

rotation positions of the polymer spacer indicating gear positions of the transmission.

19.  The transmission gear position sensor of claim 18 wherein the magnet provides magnet
poles positioned on opposite sides of the axis and opposed along a plane substantially perpendicular to

the axis.

20, The transmission gear position sensor of ¢laim 19 wherein the second end of the
polymer spacer includes a bore having erush ribs crushed with installation of the magnet within the
bore and stabilizer 1ibs that are not crushed with insertion of the magnet within the bore to abut sides
of the magnet parallel to the axis when the magnet is placed within the bore and further mncluding tabs

of thermoplastic material of the polymer spacer shaft meltably retaining the magnet.

13
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