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CONTACTLESS ROTARY PULL SWITCH

BACKGROUND OF THE INVENTION

[0001] Embodiments of the invention relate generally to
rotary pull switches and, more particularly, to contactless
rotary pull switches such as might be used as lighting
switches for a motor vehicle.

[0002] In specialty vehicle markets—such as heavy trucks,
agricultural equipment, and construction equipment, for
example—various types of electrical switches are used as
control switches for a variety of applications, including gen-
eral vehicle features/applications (e.g., switching the motor
vehicle lighting, the windshield wipers, the rear windshield
heating, the cruise control functions, etc., on and off) and
critical or safety related vehicle features/applications (e.g.,
power take-off (PTO) switches, “e-stop” type switches, etc.).
With respect to a vehicle lighting switch in particular, a typi-
cal vehicle lighting switch includes a rotary control having at
least three positions: all lights (parking lamps and headlamps)
OFF, parking lamps ON, and all lights ON. The vehicle light-
ing switch may also incorporate an auto-light function, and
two pull-on functions for turning ON fog lamps.

[0003] The typical rotary pull vehicle lighting switch
includes mechanically engageable contacts (e.g., wiping con-
tacts) for controlling all of the vehicle lighting functions/
modes—with a sensing or determination of a rotational posi-
tion and pull position being achieved via such mechanically
engageable contacts. While such rotary pull switches having
mechanically engageable contacts are most often employed
in vehicle lighting switches, it is recognized that vehicle
lighting switches may also be constructed as contactless
rotary pull switches. Such contactless rotary pull switches
may operate by rotating a magnet past a fixed magnetic sen-
sor, such as a Hall effect IC or a magnetoresistive sensor. It is
also known to make a contactless switch that operates using
the Wiegand effect.

[0004] With respect to contactless rotary pull switches that
are utilized in vehicle lighting switches or in switches for
other applications, it is recognized that existing designs of
such switches can limit the performance thereof. For
example, existing contactless rotary pull switches often
incorporate a single magnet or arrangement of magnets—in
conjunction with a number of sensors—for determining both
the rotational position of the switch and the pull position of
the switch. In such an arrangement, the pull position is deter-
mined by sensing the strength of a magnetic field of the
magnet by way of a pull position sensor—with the strength of
the magnetic field varying as a distance between the magnet
and the pull position sensor increases/decreases. However,
these variations in the magnetic field strength may not be
great enough to discern a distinct switching position. As
another example of limited performance, the circuit board in
existing contactless rotary pull switches—and light emitting
diodes (LEDs) included on the circuit board for providing
backlighting to symbols on the face of the switch—are often
located at a back portion of the switch module at a distance
from the vehicle dashboard. As such, mechanisms such as
optical fibers or light pipes are necessary for transmitting
light from the LEDs to the symbols on the face of the switch,
thereby increasing the cost and complexity of the switch.
[0005] It would therefore be desirable to provide a contact-
less rotary pull switch—such as might be utilized for control-
ling of vehicle lighting—that provides distinct switching
positions and increased durability. It would further be desir-
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able for such a rotary pull switch to utilize low cost and
efficient lighting to provide backlighting for lighted symbols
on the face of the switch.

BRIEF DESCRIPTION OF THE INVENTION

[0006] Embodiments of the present invention provide a
contactless rotary pull switch that provides for robust sensing
of both the rotational position and the pull position of the
switch.

[0007] In accordance with one aspect of the invention, a
contactless rotary pull switch includes a switch knob assem-
bly that is rotatable about an axis to a plurality of rotational
positions and that is actuatable to at least one pull position,
with the switch knob assembly including a knob element and
a rotational shaft fixedly coupled to the knob element. The
contactless rotary pull switch also includes a first magnet
coupled to the rotational shaft so as to rotate therewith respon-
sive to a rotation of the knob element, at least one additional
magnet positioned separately from the first magnet, a first
magnetic sensor configured to sense a magnetic field gener-
ated by the first magnet to identify a rotational position of the
switch knob assembly, at least one additional magnetic sensor
configured to sense a magnetic field generated by the at least
one additional magnet to identify a pull position of the switch
knob assembly, and an arm member rotatable between a num-
ber of positions to selectively enable and inhibit sensing of the
magnetic field generated by the at least one additional magnet
by the at least one additional magnetic sensor, so as to identify
distinct pull positions of the switch knob assembly.

[0008] Inaccordance with another aspect of the invention,
a contactless rotary pull switch includes a housing having a
base joined to a bottom portion thereof and a face joined to a
top portion thereof and a switch knob assembly positioned
partially within the housing, the switch knob assembly further
including a knob element that is that is rotatable about an axis
to a plurality of rotational positions and that is actuatable to at
least one pull position and a rotational shaft fixedly coupled to
the knob element so as to rotate along with the knob element.
The contactless rotary pull switch also includes a rotational
position magnet secured to the rotational shaft so as to rotate
therewith responsive to a rotation of the knob element, at least
one pull position magnet positioned separately from the
switch knob assembly and the rotational position magnet, a
rotational position sensor unit configured to sense a magnetic
field generated by the rotational position magnet to determine
arotational position of the knob element, and at least one pull
position sensor configured to sense a magnetic field generated
by the at least one pull position magnet to determine a pull
position of the knob element. The rotational position magnet
is further secured to the rotational shaft such that the rota-
tional position magnet is fixedly positioned in an axial direc-
tion, such that a distance between the rotational position
magnet and the rotational position sensor unit is kept constant
during actuation of the knob element to different pull posi-
tions.

[0009] Inaccordance with yet another aspect of the inven-
tion, a contactless rotary pull switch for controlling operation
of one or more devices in a motor vehicle includes a switch
knob assembly that is rotatable about an axis to a plurality of
rotational positions and that is movable along the axis to at
least one pull position, with the switch knob assembly further
including a knob element actuatable by an operator and a
rotational shaft fixedly coupled to the knob element so as to
rotate and axially translate with the knob element responsive
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to an actuation thereof, the rotational shaft including an end
member formed thereon at an end distal from the knob ele-
ment. The contactless rotary pull switch also includes a multi-
pole ring magnet secured to the rotational shaft so as to rotate
therewith responsive to a rotation of theknob element, at least
one pull position magnet positioned separately from the rota-
tional position magnet, a plurality of magnetic sensors posi-
tioned to sense magnetic fields generated by the multi-pole
ring magnet and the at least one pull position magnet to
determine a rotational position and pull position of the switch
knob assembly, and an arm member driven by an axial move-
ment of the end member so as to be rotatable between a
number of positions to selectively enable and inhibit sensing
of the magnetic field generated by the at least one pull posi-
tion magnet by one or more of respective magnetic sensors, so
as to identify distinct pull positions of the switch knob assem-
bly.

[0010] Various other features and advantages of the present
invention will be made apparent from the following detailed
description and the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The drawings illustrate preferred embodiments
presently contemplated for carrying out the invention.
[0012] In the drawings:

[0013] FIG. 1 shows a partial view of a vehicle dashboard
including an arrangement of vehicle control switches, accord-
ing to an embodiment of the invention.

[0014] FIG. 2 is a cross-sectioned view of a contactless
rotary pull switch that can be incorporated in the vehicle
dashboard of FIG. 1, according to an embodiment of the
invention.

[0015] FIG. 3 is a view of the contactless rotary pull switch
of FIG. 2 in an initial pull position.

[0016] FIG. 4 isa view of the contactless rotary pull switch
of FIG. 2 in a first pull position.

[0017] FIG.5isa view of the contactless rotary pull switch
of FIG. 2 in a second pull position.

[0018] FIG. 6 is a perspective view of a contactless rotary
pull switch that can be incorporated in the vehicle dashboard
of FIG. 1, with the switch in an initial pull position, according
to another embodiment of the invention.

[0019] FIG.7 isa view of the contactless rotary pull switch
of FIG. 6 in a first pull position.

[0020] FIG. 8 is a view of the contactless rotary pull switch
of FIG. 6 in a second pull position.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Embodiments of the invention are directed to a con-
tactless rotary pull switch that utilizes magnetic sensing for
both the rotary position and the pull position of the switch, so
as to provide robust sensing of the rotary position and pull
position. While a contactless rotary pull switch is described
below with respect to its use as a vehicle lighting switch, it is
recognized that the switch may be instead be used in other
applications according to embodiments of the invention.
Accordingly, it is to be understood that embodiments of the
invention are not limited for use as vehicle lighting switches
or for use in vehicles in general and that use of embodiments
of the invention for other applications is understood to be
within the scope of the invention.

[0022] Referring to FIG. 1, the general layout of a portion
of a vehicle dashboard 10 is shown such as might be useable
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with embodiments of the invention. The dashboard 10
includes a contactless rotary pull switch 12 and other vehicle
control switches 14—here shown as rocker switches—that
are incorporated as part of the dashboard 10 in a motor
vehicle, such as a heavy truck, goods vehicle, agricultural
equipment, or construction equipment, for example. Accord-
ing to one embodiment, an operator of the vehicle may use the
contactless rotary pull switch 12 to control the vehicle light-
ing and the vehicle control switches 14 to control other vari-
ous functions in the vehicle, such as for switching the wind-
shield wipers, the diesel fuel heating, or controlling other
specialized equipment on the vehicle—such as a power take-
off (PTO), for example. When the contactless rotary pull
switch 12 is used as a vehicle lighting switch, different rota-
tional and pull positions of the switch can selectively control
the operation of the vehicle lighting—including, for example,
rotational positions for turning all lights (parking lights and
headlights) OFF, parking lights ON, and all lights ON., and
one or more pull positions for turning ON fog lamps.

[0023] While the contactless rotary pull switch 12 is
described above as being a vehicle lighting switch, it is rec-
ognized that the rotary pull switch 12 could be used to control
other vehicle features—with the rotary pull switch being used
as a temperature control in a different embodiment of the
invention, for example. It is further recognized that additional
rotary pull switches 12 and vehicle control switches 14 could
be included on the dashboard 10, and thus the number and
arrangement of switches illustrated in FIG. 1 is meant to be an
example only and is not meant to limit the scope of the
invention in any regard.

[0024] Referring now to FIG. 2, the structure of the con-
tactless rotary pull switch 12 is shown in greater detail,
according to an exemplary embodiment. As shown in FIG. 2,
the rotary pull switch 12 includes a switch housing 16, with a
cover or face 18 positioned at a front of the housing 16 and a
back plate or base 20 positioned at a rear of the housing 16.
According to one embodiment, the switch 12 includes a num-
ber of clear lenses 22 positioned into the housing 16 adjacent
the face 18 that allow for transmission of light therethrough to
illuminate symbols or indicia 24 on the face 18 to indicate
different modes of the switch 12, with the symbols/indicia 24
being backlightable via one or more light sources housed in
the switch, as will be discussed in greater detail below. The
clear lenses 22 are molded into the housing 16 to provide a
waterproof face 18 on switch 12. It is recognized, however,
that lenses 22 need not be included in the housing 16 of switch
12 in an embodiment where the switch is not a sealed/water-
proof switch, and that the lenses 22 may be removed in such
an embodiment with these locations on the face 18 remaining
open.

[0025] Switch 12 also includes a switch knob assembly 26
that is actuatable by an operator via both a rotational move-
ment and pull/push movement. The switch knob assembly 26
is positioned and arranged so as to be supported by portions of
both the base 20 and the housing 16, with the support pro-
vided to the switch knob assembly 26 enabling rotation
thereof relative to the housing 16 and base 20. The switch
knob assembly 26 includes a knob element 28 that is posi-
tioned within the ring-shaped face and extends outwardly
therefrom such that is can be grasped and actuated by the
operator. Affixed to the knob element 28 is a rotational shaft
30 that rotates in tandem with the knob element 28 when the
knob element 28 is actuated. The rotational shaft 30 extends
down into the housing 16 of the switch 12 and is rotatable and
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displaceable relative to the housing 16 and the base 20. Move-
ment of the switch knob assembly 26 thus includes rotation
about the axis 36 relative to the base 20, and movement along
the axis 36 relative to the base 20, with—according to one
embodiment of the invention—the movements of the switch
knob assembly 26 controlling, in a manner described below,
energization of various lights in the vehicle.

[0026] As showninFIG. 2, anend member 32 is formed on
the rotational shaft 30 at an end thereof adjacent base 20, and
the end member 32 is positioned over a protrusion 34 of the
base 20 that extends upwardly therefrom, so as to maintain the
rotational shaft 30 in alignment with the base 20 along an axis
36 of the shaft. According to an exemplary embodiment, the
end member 32 is a circular member having an increased
circumference than the rotational shaft, such that the end
member 32 extends radially outward from the shaft. The end
member 32 has a flange formed along the outer circumference
thereof, with the flange extending upwards (i.e., toward the
face) from a back surface of the end member.

[0027] According to one embodiment of the invention, an
arrangement of opposing plungers 38 and springs 40 are
positioned within cavities 42 formed in the end member 32 of
rotational shaft 30. The arrangement of opposing plungers 38
and springs 40 interact with an arrangement of radial detents
44 formed in the base 20 to distinguish a plurality of rotational
switching positions. Circumferential detents 46 are also
formed on base 20 in the axial direction, with the circumfer-
ential detents 46 interacting with the same plungers 38 and
springs 40 to provide distinct momentary or sustained pull
positions for the switch 12.

[0028] While switch 12 is shown as including an arrange-
ment of radial detents 44 formed in the base 20 that interact
with the plungers/springs 38, 40 for aiding in distinguishing
between a plurality of rotational switching positions, it is
recognized that such radial detents 44 are not required in the
switch 12, according to other embodiments. That is, an
embodiment of the switch 12 may be made without the radial
detents 44 so as to provide a smooth rotation of knob element
28—such as might be desired for a temperature control
switch.

[0029] Also according to an embodiment of the invention,
the switch 12 is constructed as a sealed, water-tight switch. In
order to seal the switch 12, a number of seals are included—
including a seal 48 positioned around the rotational shaft 30
(i.e., “front shaft seal”), a seal 50 positioned between the
housing 16 and base 20, and the previously mentioned insert-
molded lenses 22 in the housing 16. The front shaft seal 48 is
constructed so as to allow rotational and axial movement of
the shaft 30 without interfering with switch function.

[0030] As further shown in FIG. 2, switch 12 also includes
a circuit board 50 (i.e., printed circuit board (PCB)) fixedly
positioned within the switch 12. The circuit board 50 is
secured within the switch 12, such as by being mounted to
housing 16, and is positioned adjacent the face 18 (and thus
adjacent to the vehicle dashboard 10, FIG. 1). In order to
provide for positioning adjacent the face 18, the circuit board
50 includes an opening 52 therein through which the rota-
tional shaft 30 of switch knob assembly 26 may pass.
[0031] Included on the circuit board 50 are one or more
light emitting diodes (LEDs) 54 that provide illumination for
the switch 12. The LEDs 54 may be mounted on the circuit
board 50 so as to be located directly beneath the face 18 of the
device, with the LEDs 54 being aligned with the clear lenses
22 to illuminate the symbols/indicia 24 included thereon. By
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mounting the circuit board 50 adjacent the face 18 of the
switch 12—including the positioning of the LEDs 54 directly
beneath the clear lenses 22 of the housing 16—the LEDs 54
are able to provide brighter and more efficient lighting for the
symbols/indicia 24 on the face 18 than if the LEDs 54 were
located adjacent the base 20 of the switch 12, as in existing
contactless rotary pull switches.

[0032] Also included on the circuit board 50 is a plurality of
magnetic sensors that function to detect and determine the
rotary and pull positions of the switch 12. According to an
exemplary embodiment, and as shown in FIG. 2, an arrange-
ment of sensors is provided on the circuit board 50 that enable
determining of the rotational and pull positions of the switch
12 with the arrangement of sensors including a rotational
sensor unit 56 and pull sensors 58, 60. The sensors 56, 58, 60
may be provided as Hall effect sensors that are used as a
proximity switch that turn ON when a magnet pole
approaches the sensor and turn OFF when the pole recedes a
predetermined distance, or may be provided as magnetore-
sistive (MR) sensors that exhibit a measurable change in
resistance in the presence of a magnetic field (e.g., anisotropic
magnetoresistive (AMR) sensors). According to one embodi-
ment, the rotational sensor unit 56 is comprised of two Hall
effect sensors that are oriented with an offset of 90° from each
other in order to detect different rotational switching posi-
tions of the switch knob assembly 26.

[0033] According to one embodiment, the circuit board 50
may still further include control circuitry (e.g., controller or
microprocessor) thereon, generally indicated at 62, that is in
operable communication with the sensors 56, 58, 60. The
control circuitry 62 is operative to read the outputs of the
sensors 56, 58, 60 and, in response, generate output signals
that control operation of devices in the vehicle, such as a
lighting system (not shown), including headlamps, parking
lamps, and fog lamps, for example. The control circuitry 62
may function as a multiplex communication device (using a
CAN or LIN protocol, for example) to interface with other
devices or a vehicle controller (not shown), or it can output
signals directly to an external controller (not shown). Com-
munication between the control circuitry 62 and other
devices/controllers outside of switch 12 is provided by termi-
nal contacts 64 provided on/in the base 20 of the switch.
[0034] Referring still to FIG. 2, the switch 12 also includes
anumber of magnets positioned within housing 16 that work
in conjunction with the magnetic sensors 56, 58, 60 to provide
for detecting/determining the rotary and pull positions of the
switch 12. In an exemplary embodiment, three magnets are
included in the switch—with the magnets being a magnet for
determining a rotational position of the switch 12—i.e., a
“rotational magnet” 66—and magnets for determining a pull/
push position of the switch 12—i.e., “pull magnets” 68, 70.
[0035] Intheillustrated embodiment, the rotational magnet
66 is a multi-pole ring magnet that encircles the rotational
shaft 30 and is positioned adjacent the circuit board 50 on a
side thereof facing the base 20 of the switch 12. The rotational
magnet 66 is mounted to the rotational shaft 30 by way of a
sleeve member 72, with the sleeve member 72 being posi-
tioned about the rotational shaft 30 and coupled thereto. The
sleeve member 72 includes a flange 74 formed thereon that
provides support to the rotational magnet 66. The sleeve
member 72 is coupled to the rotational shaft 30 in such a
fashion that the sleeve member 72 and the rotational magnet
66 rotate when the switch knob assembly 26 is rotated. How-
ever, the sleeve member 72 is further coupled to the rotational
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shaft 30 in such a fashion that the rotational shaft 30 is
slideable therein, such that rotational magnet 66 does not
move axially when the switch knob assembly 26 is moved
vertically to one of the pull positions. Accordingly, the rota-
tional magnet 66 is maintained in a stationary position in the
axial direction regardless of the pull position of the switch
knob assembly 26. The axial spacing between the rotational
magnet 66 and the rotational sensor unit 56 is thus kept
constant, thereby providing for more robust sensing of the
rotational position since the magnetic field strength is not
affected by the pull functions of the switch 12.

[0036] Inoperation, the switch knob assembly 26 is rotated
to one of a plurality of rotational positions, with each one of
the rotational positions corresponding to a selected condition
of'vehicle illumination. In rotating the switch knob assembly
26, the rotational magnet 66 is also caused to rotate such that
the poles of the rotational magnet 66 are reoriented. Due to the
arrangement of the sensors in rotational sensor unit 56 (i.e.,
two Hall effect sensors), a rotation of the switch knob assem-
bly 26—and accompanying rotation of the rotational magnet
66——causes a sinusoidal signal to be generated as each pole of
the magnet is rotated under the rotational sensor unit 56. The
out-of-phase sensors (i.e., 90° offset between sensors) in the
rotational sensor unit 56 are able to determine a unique rota-
tional position of the switch knob assembly 26 from the
sinusoidal signal.

[0037] With regard to the pull magnets 68, 70 in the switch
12, the pull magnets 68, 70 are formed as magnets that are
separate from the rotational magnet 66. As shown in FIG. 2,
the pull magnets 68, 70 are of smaller size than the rotational
magnet 66, with the magnets being constructed as a cylindri-
cal or rectangular magnet of a size that is similar to that of pull
sensors 58, 60, for example. The pull magnets 68, 70 are
positioned radially outward from the rotational shaft 30 such
that a magnetic field generated thereby does not overlap with
the field generated by the rotational magnet 66 and is not
sensed by the rotational sensor unit 56. The pull magnets 68,
70 are mounted in a stationary position relative to the pull
sensors 58, 60 and are separated therefrom by a gap 76 of a
suitable distance.

[0038] Rotary pull switch 12 also includes an arm member
78 therein that functions to enable sensing of distinct pull
positions in the switch 12. In the embodiment of FIG. 2, arm
member 78 is constructed as a vane member that is selectively
movableto control the magnetic field that is sensed by the pull
sensors 58, 60. The vane member 78 is formed of a ferrous
material that is selectively movable to a number of distinct
positions in the gap 76 between the pull sensors 58, 60 and the
pull magnets 68, 70, with the ferrous material of the vane
member 78 acting to interrupt the magnetic field between the
pull magnets 68, 70 and the pull sensors 58, 60 in a controlled
fashion, as will be described in greater detail below. The vane
member 78 is positioned within housing 16 and is held in
position by features on the base 20 in a manner that allows for
the vane member 78 to pivot or rotate about a pivot point—
generally indicated at 80.

[0039] In operation, the vane member 78 is driven by the
end member 32 on the rotational shaft 30 responsive to axial
movement of the end member 32, with the circumferential
flange on the end member 32 pressing upwardly on the vane
member when the switch knob assembly is axially translated.
More specifically, the vane member 78 is driven to rotate on
its own axis (i.e., pivot about point 80) responsive to an axial
movement of the end member 32 that is caused by a pull/push
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actuation of the switch knob assembly 26 by an operator—
with an end flange 82 on the vane member 78 moving to a
number of distinct locations in the gap 76 between the pull
sensors 58, 60 and the pull magnets 68, 70 responsive to the
rotation about the point 80. The mounting ofthe vane member
78 relative to the base 20 and the manner in which it is driven
by end member 32 of rotational shaft 30 allow for the pull
magnets 68, 70 and pull sensors 58, 60 to identify numerous
pull positions of the switch knob assembly 26 at any rota-
tional position of the switch knob assembly 26. The selective
interrupting of the magnetic field provided by the vane mem-
ber 78 causes the strength of the magnetic field that is sensed
by pull sensors 58, 60 to drop to zero (or near zero), and this
large reduction in the strength of the magnetic field sensed by
pull sensors 58, 60 provides for the identification of distinct
and robust switch pull positions.

[0040] Referring now to FIGS. 3-5, the positioning of the
switch 12 in each of three distinct pull or push positions is
shown, according to an embodiment of the invention. An
initial pull position of the switch 12 is first shown in FIG. 3
where the switch knob assembly 26 is fully depressed (i.e.,
not pulled out). In this initial pull position, the end member 32
of'the rotational shaft 30 is not acting on the vane member 78
(i.e., no rotation of the vane member 78 is caused by end
member 32) and the vane member 78 is maintained in an
original or base position 84 by way of a spring 86 mounted on
the base 20. While in the original or base position 84, the end
flange 82 of the vane member 78 is positioned outside of the
gap 76 between the pull magnets 68, 70 and the pull sensors
58, 60. Accordingly, the magnetic field generated by each pull
magnet 68, 70 is sensed by its respective pull sensor 58, 60,
such that both sensors are activated by the magnetic field.

[0041] A first pull position of the switch 12 is next shown in
FIG. 4 where the switch knob assembly 26 is pulled out to a
first distinct position—as provided by the interaction between
the circumferential detents 46 on base 20 and the plungers/
springs 38, 40 in end member 32. In the first pull position, the
end member 32 of the rotational shaft 30 acts on the vane
member 78 so as to drive the vane member 78 to a first
rotational position 88. While in the first rotational position 88,
the end flange 82 of the vane member 78 is positioned in the
gap 76 between the pull magnets 68, 70 and the pull sensors
58, 60 at a location that interrupts or blocks the magnetic field
between pull 68 magnet and pull sensor 58. Accordingly, the
magnetic field generated by pull magnet 68 is not sensed by
pull sensor 58, while the magnetic field generated by pull
magnet 70 is sensed by pull sensor 60—such that only one
pull sensor 60 is activated while the other pull sensor 58 is
turned off.

[0042] A second pull position of the switch 12 is next
shown in FIG. 5 where the switch knob assembly 26 is pulled
out to a second distinct position—as provided by the interac-
tion between the circumferential detents 46 on base 20 and the
plungers/springs 38, 40 in end member 32. In the second pull
position, the end member 32 of the rotational shaft 30 acts on
the vane member 78 so as to drive the vane member 78 to a
second rotational position 90. While in the second rotational
position 90, the end flange 82 of the vane member 78 is
positioned in the gap 76 between the pull magnets 68, 70 and
the pull sensors 58, 60 at a location that interrupts or blocks
the magnetic field between both pull magnets 68, 70 and their
respective pull sensors 58, 60. Accordingly, the magnetic
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field generated by each of pull magnets 68, 70 is not sensed by
pull sensors 58, 60—such that both pull sensors 58, 60 are
turned off

[0043] Referring now to FIGS. 6-8, a contactless rotary pull
switch 92 of different construction is shown, according to
another embodiment of the invention. The general structure
of switch 92 is similar to the switch 12 shown and described
above in FIGS. 2-5—with the housing 16, face 18, switch
knob assembly 26, and circuit board 50 (including rotation
and pull sensors 58, 60 thereon) of the switch 92 having an
identical or substantially similar construction to the housing
16, face 18, and switch knob assembly 26 of switch 12.
Accordingly, these like elements are numbered identically to
those in switch 12. However, the pull magnets 68, 70 and vane
member 78 of the switch 12 in FIGS. 2-5 are replaced in
switch 92 by pull magnets 96, 98 and an accompanying arm
member 94 that—in the embodiment of FIGS. 6-8—is con-
structed as a non-ferrous moveable magnet holder.

[0044] Asshown in FIGS. 6-8, the moveable magnet holder
94 includes receptacles 100 formed therein that receive per-
manent magnets (i.e., pull magnets 96, 98) therein. The move-
able magnet holder 94 is positioned within housing 16 and is
held in position by features on the base 20 in a manner that
allows for the moveable magnet holder 94 to pivot or rotate
about a pivot point—generally indicated at 102. The move-
able magnet holder 94 is driven by the end member 32 on the
rotational shaft 30 responsive to axial movement of the end
member 32. More specifically, the moveable magnet holder
94 is driven to rotate about point 102 responsive to an axial
movement of the end member 32 that is caused by a pull/push
actuation of the switch knob assembly 26 by an operator—
with rotation of the moveable magnet holder 94 causing a
corresponding movement of the pull magnets 96, 98 to one of
a number of distinct positions relative to the pull sensors 58,
60. The moveable magnet holder 94, and the manner in which
it is driven by end member 32 of rotational shaft 30, allow for
the identification of numerous pull positions of the switch
knob assembly 26 at any rotational position of the switch
knob assembly 26.

[0045] Aninitial pull position of the switch 92 is first shown
in FIG. 6 where the switch knob assembly 26 is fully
depressed (i.e., not pulled out). In this initial pull position, the
end member 32 of the rotational shaft 30 is not acting on the
moveable magnet holder 94 (i.e., no rotation of the moveable
magnet holder 94 is caused by end member 32) and the
moveable magnet holder 94 is thus oriented in a base position
104. While in the base position 104, the moveable magnet
holder 94 holds the pull magnets 96, 98 in a position distal
from the pull sensors 58, 60 such that the magnetic field
generated by the pull magnets 96, 98 is not sensed by the pull
sensors 58, 60, and the pull sensors 58, 60 identify an OFF
position.

[0046] A first pull position of the switch 92 is next shown in
FIG. 7 where the switch knob assembly 26 is pulled out to a
first distinct position—as provided by the interaction between
the circumferential detents 46 on base 20 and the plungers/
springs 38, 40 in end member 32. In the first pull position, the
end member 32 of the rotational shaft 30 acts on the moveable
magnet holder 94 so as to drive the moveable magnet holder
94 to a first rotational position 106. While in the first rota-
tional position 106, the moveable magnet holder 94 positions
pull magnet 98 directly under pull sensor 58, such that pull
sensor 58 detects a large increase in magnetic field so as to
identify an ON position. However, in the first pull position
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106, pull magnet 96 is still positioned away from the pull
sensors 58, 60 such that the magnetic field generated by the
pull magnet 96 is not sensed by pull sensor 60—and thus pull
sensor 60 still identifies an OFF position.

[0047] A second pull position of the switch 92 is next
shown in FIG. 8 where the switch knob assembly 26 is pulled
out to a second distinct position—as provided by the interac-
tion between the circumferential detents 46 on base 20 and the
plungers/springs 38, 40 in end member 32. In the second pull
position, the end member 32 of the rotational shaft 30 acts on
the moveable magnet holder 94 so as to drive the moveable
magnet holder 94 to a second rotational position 108. While in
the second rotational position, the moveable magnet holder
94 positions each of the pull magnets 96, 98 directly under a
respective pull sensor 58, 60, such that each pull sensor 58, 60
detects a large increase in magnetic field so as to identify an
ON position (i.e., both pull sensors 58, 60 identify an ON
position).

[0048] While the switches 12,92 shown in FIGS. 2-5 and in
FIGS. 6-8—and the shown/described operational states
thereof—are described as employing two pull magnets 68,
70/96, 98 and pull sensors 58, 60 for identifying numerous
pull positions of the switch knob assembly 26, it is recognized
that another embodiment of the switches 12, 92 might include
only a single pull magnet and pull sensor. That is, for a switch
where only a single pull position is required/desired, the
switch can be configured to include only a single pull magnet
and pull sensor. Furthermore, while the switches 12, 92
shown in FIGS. 2-5 and in FIGS. 6-8—and the shown/de-
scribed operational states thereof—are described as identify-
ing numerous pull positions, it is recognized that multiple
push positions could instead by recognized using a similar
arrangement of magnets and sensors.

[0049] Beneficially, embodiments of the invention thus
provide a contactless rotary pull switch that provides for
robust sensing of both the rotational position and the pull
position of the switch. The contactless rotary pull switch is
constructed such that the multi-pole magnet used for sensing
the rotational position is maintained in a fixed axial position
that does not change responsive to a change in pull position of
the switch. This maintaining of the multi-pole magnet in a
fixed axial position enables the rotational position sensor to
always sense a strong magnetic field when determining the
rotational position of the switch, regardless of the pull posi-
tion. According to one embodiment, the contactless rotary
pull switch is further constructed to include a ferrous vane
that moves to selectively interrupt the magnetic field between
the pull position magnets and the pull position sensors. By
interrupting the magnetic field between the pull position mag-
nets and the pull position sensors as opposed to gradually
increasing/decreasing a strength of the magnetic field
detected by the sensors (by increasing a distance gap between
the magnets and sensors), more distinct pull positions can be
identified.

[0050] As an additional benefit of the invention, the con-
tactless rotary pull switch provides for bright, efficient light-
ing of symbols/indicia on the switch face by being con-
structed to accommodate the switch circuit board and
accompanying LEDs adjacent the switch face rather than at a
rear of the switch. As yet another benefit of the invention, the
contactless rotary pull switch is constructed as a water proof
switch, using an arrangement of seals provided at locations in
the switch housing and a waterproof face to provide protec-
tion to the switch.
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[0051] Therefore, according to one embodiment of the
present invention, a contactless rotary pull switch includes a
switch knob assembly that is rotatable about an axis to a
plurality of rotational positions and that is actuatable to at
least one pull position, with the switch knob assembly includ-
ing a knob element and a rotational shaft fixedly coupled to
the knob element. The contactless rotary pull switch also
includes a first magnet coupled to the rotational shaft so as to
rotate therewith responsive to a rotation of the knob element,
at least one additional magnet positioned separately from the
first magnet, a first magnetic sensor configured to sense a
magnetic field generated by the first magnet to identify a
rotational position of the switch knob assembly, at least one
additional magnetic sensor configured to sense a magnetic
field generated by the at least one additional magnet to iden-
tify a pull position of the switch knob assembly, and an arm
member rotatable between a number of positions to selec-
tively enable and inhibit sensing of the magnetic field gener-
ated by the at least one additional magnet by the at least one
additional magnetic sensor, so as to identify distinct pull
positions of the switch knob assembly.

[0052] According to another embodiment of the present
invention, a contactless rotary pull switch includes a housing
having a base joined to a bottom portion thereof and a face
joined to a top portion thereof and a switch knob assembly
positioned partially within the housing, the switch knob
assembly further including a knob element that is that is
rotatable about an axis to a plurality of rotational positions
and that is actuatable to at least one pull position and a
rotational shaft fixedly coupled to the knob element so as to
rotate along with the knob element. The contactless rotary
pull switch also includes a rotational position magnet secured
to the rotational shaft so as to rotate therewith responsive to a
rotation of the knob element, at least one pull position magnet
positioned separately from the switch knob assembly and the
rotational position magnet, a rotational position sensor unit
configured to sense a magnetic field generated by the rota-
tional position magnet to determine a rotational position of
the knob element, and at least one pull position sensor con-
figured to sense a magnetic field generated by the at least one
pull position magnet to determine a pull position of the knob
element. The rotational position magnet is further secured to
the rotational shaft such that the rotational position magnet is
fixedly positioned in an axial direction, such that a distance
between the rotational position magnet and the rotational
position sensor unit is kept constant during actuation of the
knob element to different pull positions.

[0053] According to yet another embodiment of the present
invention, a contactless rotary pull switch for controlling
operation of one or more devices in a motor vehicle includes
a switch knob assembly that is rotatable about an axis to a
plurality of rotational positions and that is movable along the
axis to at least one pull position, with the switch knob assem-
bly further including a knob element actuatable by an opera-
tor and a rotational shaft fixedly coupled to the knob element
s0 as to rotate and axially translate with the knob element
responsive to an actuation thereof, the rotational shaft includ-
ing an end member formed thereon at an end distal from the
knob element. The contactless rotary pull switch also
includes a multi-pole ring magnet secured to the rotational
shaft so as to rotate therewith responsive to a rotation of the
knob element, at least one pull position magnet positioned
separately from the rotational position magnet, a plurality of
magnetic sensors positioned to sense magnetic fields gener-
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ated by the multi-pole ring magnet and the at least one pull
position magnet to determine a rotational position and pull
position of the switch knob assembly, and an arm member
driven by an axial movement of the end member so as to be
rotatable between a number of positions to selectively enable
and inhibit sensing of the magnetic field generated by the at
least one pull position magnet by one or more of respective
magnetic sensors, so as to identify distinct pull positions of
the switch knob assembly.

[0054] The present invention has been described in terms of
the preferred embodiment, and it is recognized that equiva-
lents, alternatives, and modifications, aside from those
expressly stated, are possible and within the scope of the
appending claims.

What is claimed is:

1. A contactless rotary pull switch comprising:

a switch knob assembly that is rotatable about an axis to a
plurality of rotational positions and that is actuatable to
at least one pull position, the switch knob assembly
including a knob element and a rotational shaft fixedly
coupled to the knob element;

a first magnet coupled to the rotational shaft so as to rotate
therewith responsive to a rotation of the knob element;

at least one additional magnet positioned separately from
the first magnet;

a first magnetic sensor configured to sense a magnetic field
generated by the first magnet to identify a rotational
position of the switch knob assembly;

at least one additional magnetic sensor configured to sense
a magnetic field generated by the at least one additional
magnet to identify a pull position of the switch knob
assembly; and

an arm member rotatable between a number of positions to
selectively enable and inhibit sensing of the magnetic
field generated by the at least one additional magnet by
the at least one additional magnetic sensor, so as to
identify distinct pull positions of the switch knob assem-
bly.

2. The contactless rotary pull switch of claim 1 further
comprising a sleeve member to couple the first magnet to the
rotational shaft, wherein the sleeve member is constructed so
as to cause the first magnet to rotate with the rotational shaft
responsive to a rotation of the knob element and to maintain
the first magnet in a fixed axial position during actuation of
the switch knob assembly to different pull positions, such that
a distance between the first magnet and the first magnetic
sensor is kept constant during actuation of the switch knob
assembly to different pull positions.

3. The contactless rotary pull switch of claim 1 wherein the
switch knob assembly further comprises an end member posi-
tioned on the rotational shaft at an end thereof distal from the
knob element, the end member driving the arm member to
rotate responsive to actuation of the switch knob assembly to
the at least one pull position.

4. The contactless rotary pull switch of claim 3 wherein the
arm member comprises a ferrous vane member rotatable
between a number of positions to selectively position an end
flange of the vane member in a gap between the at least one
additional magnet and the at least one additional magnetic
sensor, the ferrous vane member interrupting the magnetic
field between the at least one additional magnet and the at
least one additional magnetic sensor.

5. The contactless rotary pull switch of claim 4 wherein the
atleast one additional magnet comprises a second magnet and
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a third magnet, and the at least one additional magnetic sensor
comprises a second magnetic sensor and a third magnetic
sensor; and

wherein the ferrous vane member is rotatable between:

a base position where neither the magnetic field between
the second magnet and the second magnetic sensor or
the magnetic field between the third magnet and the
third magnetic sensor is interrupted by the end flange
of the ferrous vane member;

a first rotational position where the magnetic field
between the second magnet and the second magnetic
sensor is interrupted by the end flange of the ferrous
vane member; and

a second rotational position where both the magnetic
field between the second magnet and the magnetic
field between second magnetic sensor and between
the third magnet and the third magnetic sensor are
interrupted by the end flange of the ferrous vane mem-
ber.

6. The contactless rotary pull switch of claim 3 wherein the
arm member comprises a non-ferrous moveable magnet
holder rotatable between a number of positions, wherein the
at least one additional magnet is housed within a receptacle
formed in the non-ferrous moveable magnet holder such that
the atleast one additional magnet rotates with the non-ferrous
moveable magnet holder.

7. The contactless rotary pull switch of claim 6 wherein the
atleast one additional magnet comprises a second magnet and
a third magnet, and the at least one additional magnetic sensor
comprises a second magnetic sensor and a third magnetic
sensor; and

wherein the non-ferrous moveable magnet holder is rotat-

able between:

a base position where neither of the magnetic fields
generated by the second and third magnets is sensed
by the second magnetic sensor or the third magnetic
sensor;

a first rotational position where one of the magnetic
fields generated by the second and third magnets is
sensed by a respective one of the second magnetic
sensor or the third magnetic sensor; and

a second rotational position where the respective mag-
netic fields generated by the second and third magnets
are sensed by the second magnetic sensor and the
third magnetic sensor.

8. The contactless rotary pull switch of claim 1 further
comprising:

a housing generally enclosing components of the contact-

less rotary pull switch;

aface positioned at a front of the housing and including one

or more symbols or indicia thereon; and

a based positioned at a rear of the housing and including a

protrusion formed thereon that is positioned within the

rotatable shaft to provide support and alignment thereto.

9. The contactless rotary pull switch of claim 8 further
comprising a circuit board positioned within the housing and
adjacent the face, the circuit board including the first sensor
and the at least one additional sensor mounted thereon and
one or more light emitting diodes (LEDs) mounted thereon,
with the LEDs positioned adjacent the symbols or indicia of
the face to provide backlighting thereto.

10. The contactless rotary pull switch of claim 1 wherein
the first magnet comprises a multi-pole ring magnet, and
wherein the first magnetic sensor identifies a rotational posi-
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tion of the switch knob assembly based on a rotational posi-
tion of the multi-pole ring magnet relative to the first mag-
netic sensor.

11. The contactless rotary pull switch of claim 1 wherein
the contactless rotary pull switch is integrated into a vehicle
dashboard of a motor vehicle, and wherein the contactless
rotary pull switch comprises a vehicle lighting switch.

12. A contactless rotary pull switch comprising:

a housing having a base joined to a bottom portion thereof

and a face joined to a top portion thereof;
a switch knob assembly positioned partially within the
housing, the switch knob assembly comprising:
aknob element that is that is rotatable about an axis to a
plurality of rotational positions and that is actuatable
to at least one pull position; and

a rotational shaft fixedly coupled to the knob element so
as to rotate along with the knob element;

a rotational position magnet secured to the rotational shaft
so as to rotate therewith responsive to a rotation of the
knob element;

at least one pull position magnet positioned separately
from the switch knob assembly and the rotational posi-
tion magnet;

a rotational position sensor unit configured to sense a mag-
netic field generated by the rotational position magnet to
determine a rotational position of the knob element; and

at least one pull position sensor configured to sense a
magnetic field generated by the at least one pull position
magnet to determine a pull position of the knob element;

wherein the rotational position magnet is further secured to
the rotational shaft such that the rotational position mag-
net is fixedly positioned in an axial direction, such that a
distance between the rotational position magnet and the
rotational position sensor unit is kept constant during
actuation of the knob element to different pull positions.

13. The contactless rotary pull switch of claim 12 wherein
the switch knob assembly further comprises an end member
secured on the rotational shaft at an end thereof distal from the
knob element, the end member moving axially along the axis
responsive to actuation of the switch knob assembly to dif-
ferent pull positions.

14. The contactless rotary pull switch of claim 13 further
comprising a ferrous vane member drivable by the end mem-
ber to rotate between a number of positions and selectively
position an end flange of the vane member in a gap between
the at least one pull position magnet and the at least one pull
position sensor, the end flange selectively interrupting the
magnetic field between the at least one pull position magnet
and the at least one pull position sensor to enable identifica-
tion of distinct pull positions of the switch knob assembly.

15. The contactless rotary pull switch of claim 14 wherein
the at least one pull position magnet comprises a pair of pull
position magnets and the at least one pull position sensor
comprises a pair of pull position sensors, with the end flange
of'the ferrous vane member being selectively positioned in or
out of the gap to selectively interrupt the magnetic field
between both of the pull position magnets and both of the pull
position sensors or between one of the pull position magnets
and a respective one of the pull position sensors, or to not
interrupt the magnetic field between the pair of pull position
magnets and the pair of pull position sensors.

16. The contactless rotary pull switch of claim 13 further
comprising a non-ferrous moveable magnet holder drivable
by the end member to rotate between a number of positions,
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wherein the at least one pull position magnet is secured to the
non-ferrous moveable magnet holder such that the at least one
pull position magnet rotates with the non-ferrous moveable
magnet holder.

17. The contactless rotary pull switch of claim 16 wherein
the at least one pull position magnet comprises a pair of pull
position magnets and the at least one pull position sensor
comprises a pair of pull position sensors, and wherein the
non-ferrous moveable magnet holder selectively positions the
pair of pull position magnets such that neither of the magnetic
fields generated by the pair of pull position magnets are
sensed by the pair of pull position sensors, one of the mag-
netic fields generated by the pair of pull position magnets is
sensed by a respective pull position sensor, or both of the
magnetic fields generated by the pair of pull position magnets
are sensed by the pair of pull position sensors.

18. The contactless rotary pull switch of claim 12 further
comprising a circuit board positioned within the housing and
adjacent the face, the circuit board including the rotational
position sensor unit and the at least one pull position sensor
thereon; and

wherein the circuit board further includes one or more light
emitting diodes (LEDs), with the one or more LEDs
positioned adjacent the symbols or indicia of the face to
provide backlighting thereto.

19. A contactless rotary pull switch for controlling opera-
tion of one or more devices in a motor vehicle, the contactless
rotary pull switch comprising:

a switch knob assembly that is rotatable about an axis to a
plurality of rotational positions and that is movable
along the axis to at least one pull position, the switch
knob assembly comprising:
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a knob element actuatable by an operator; and

a rotational shaft fixedly coupled to the knob element so
astorotate and axially translate with the knob element
responsive to an actuation thereof, the rotational shaft
including an end member formed thereon at an end
distal from the knob element;

a multi-pole ring magnet secured to the rotational shaft so
as to rotate therewith responsive to a rotation of the knob
element;

at least one pull position magnet positioned separately
from the rotational position magnet;

a plurality of magnetic sensors positioned to sense mag-
netic fields generated by the multi-pole ring magnet and
the at least one pull position magnet to determine a
rotational position and pull position of the switch knob
assembly; and

an arm member driven by an axial movement of the end
member so as to be rotatable between a number of posi-
tions to selectively enable and inhibit sensing of the
magnetic field generated by the at least one pull position
magnet by one or more of respective magnetic sensors,
so as to identify distinct pull positions of the switch knob
assembly.

20. The contactless rotary pull switch of claim 19 wherein
the plurality of magnetic sensors comprises a rotational posi-
tion sensor unit positioned to sense a magnetic field generated
by the multi-pole ring magnet, and wherein the multi-pole
ring magnet is further secured to the rotational shaft such that
the multi-pole ring magnet is fixedly positioned in an axial
direction, such that a distance between the multi-pole ring
magnet and the rotational position sensor unit is kept constant
during actuation of the switch knob assembly to different pull
positions.



