20117156206 A1 |1 00 O O 01 OO O A0

<

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,
(19) World Intellectual Property Organization /g [} 11N A0 0000 00 W00 00 O 0
ernational Bureau S,/ ‘ 0 |
. L MEY (10) International Publication Number
(43) International Publication Date \,!:,: #

15 December 2011 (15.12.2011) WO 2011/156206 A1
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
HOI1H 36/00 (2006.01) kind of national protection available). AE, AG, AL, AM,
(21) International Application Number: ég’ éﬁ’ ég’ CAI\ZI, CBS i CBRB’ CBI(J}, g;l’ DB]IE{ > DBI\(V ’];313[{ > ]];é’
PCT/US2011/038949 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT.,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
2 June 2011 (02.06.2011) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

61/354,170 11 June 2010 (11.06.2010) ys (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

(71) Applicant (for all designated States except US): GEN- GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ERAL EQUIPMENT AND MANUFACTURING ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
COMPANY, INC., D/B/A TOPWORKX, INC. [US/US]; TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
3300 Fern Valley Road, Louisville, KY 40213 (US). EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

(75) Tnventors/Applicants (for US only): PEARCE, Joel 21;/{, {/I[? ?/{%P{\I(SFS’I\]?J’TSF’TE)G’ CL CM, GA, GN, GQ,
[US/US]; 3513 Coronado Dr., Louisville, KY 40241 > 2T T 2 ’
(US). LAFOUNTAIN, Robert, Lynn [US/US]; 4801 Published:
Stoneview Dr., Charlestown, IN 47111 (US). SIM-
MONS, Michael [US/US]; 2615 Byron Ave., Louisville,
KY 40205 (US).

(74) Agent: READ, David, C.; MARSHALL, GERSTEIN &
BORUN LLP, 233 S. Wacker Drive, 6300 Willis Tower,
Chicago, IL 60606-6357 (US).

(72) Inventors; and

—  with international search report (Art. 21(3))

(54) Title: MAGNETICALLY-TRIGGERED PROXIMITY SWITCH

10—
X\ 18 14 112 40 38 108
51 I] 6‘() \ \1?1'} 2\0 ,6'8/ /’ 92 16
w1 F
12 i
\> - =
A
1227 A
\52

FIG. 1A

(57) Abstract: A magnetically-triggered proximity switch includes a cylindrical switch body and a first magnet non-movably se-
cured within the switch body. The proximity switch also includes a pivoting cross arm. A second magnet may be movably dis-
posed within the switch body, and the second magnet may be rigidly connected to the cross arm. When a magnetic target is not lo-
cated within a specified range of the second magnet, the first magnet attracts the second magnet, thereby pivoting the cross arm
into a first switch position and closing a first circuit. However, when the magnetic target is located within the specitied range, the
magnetic attraction between the target and the second magnet is greater than between the second magnet and the first magnet. The
second magnet is displaced towards the target away from the first magnet, thereby pivoting the cross arm into a second switch po-
sition.
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MAGNETICALLY-TRIGGERED PROXIMITY SWITCH

FIELD OF THE DISCLOSURE

[0001] This disclosure relates generally to proximity switches, and, more particularly, to

miniature magnetically-triggered proximity switches.

BACKGROUND

[0002] Magnetic proximity switches, also known as limit switches, are commonly used for
linear position sensing. Typically, magnetically-triggered proximity switches include a
sensor that is adapted to detect the presence of the target without physically contacting the
target. Typically, the sensor may include a switching circuit mechanism enclosed within a
switch body, and the switching circuit mechanism typically includes multiple levers and
contacts that are biased into a first position by one or more springs. When the target, which
generally includes a permanent magnet contained within a housing, passes within a
predetermined range of the sensor, the magnetic flux generated by the target magnet triggers
the switching circuit mechanism, thereby closing a normally open circuit. The closing of the
normally open circuit is detected by a processor, and a signal is sent to an operator or an
automated operation system to indicate the presence of the target within the predetermined
range of the sensor. The target is typically secured to a displaceable element of a system,
such as a valve stem, and the sensor is typically secured to a stationary element of a system,
such as a valve body. When so configured, the sensor can detect when the displaceable
element has changed positions. However, due to the relatively large physical size of the
sensor necessary to enclose the switching circuit mechanism, typical sensors cannot be use in
applications requiring the placement of the sensor in an area having limited free space. In
addition, the need to provide power to the sensor also limits the applications in which the

sensor can be used.

BRIEF SUMMARY OF THE DISCLOSURE

[0003] In accordance with one exemplary aspect of the present invention, a magnetically-
triggered proximity switch includes a switch body and a first magnet non-movably secured
within the switch body. A common arm having a first end and a second end is also included,
and the second end is disposed within the switch body. The proximity switch also includes a
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primary arm having a first end and a second end. The second end is disposed within the
switch body, and the second end includes a primary contact. In addition, the proximity
switch includes a secondary arm having a first end and a second end. The second end is
disposed within the switch body, and the second end also includes a secondary contact. The
proximity switch also includes a cross arm disposed within the switch body. The cross arm
has a first end and a second end, the first end being coupled to the common arm and the
second end including a common contact. The proximity switch further includes a second
magnet disposed within the switch body, and the second magnet is movable relative to the
first magnet. The second magnet is coupled to the cross arm such that movement of the
second magnet causes a corresponding movement of the cross arm between a first switch
position and a second switch position. In the first switch position, the common contact of the
cross arm is in contact with the primary contact of the primary arm, thereby completing a
circuit between the common arm and the primary arm. In the second switch position, the
common contact of the cross arm is in contact with the secondary contact of the secondary

arm, thereby completing a circuit between the common arm and the secondary arm.

[0004] In another embodiment, the first magnet and the second magnet are selected to
create a first magnetic force between the first magnet and the second magnet, and the first
magnetic force maintains the cross arm in the first switch position. In addition, the second
magnet and a target outside of the switch body are selected to create a second magnetic force
between the second magnet and the target, and the second magnetic force causes the cross
arm to move from the first switch position to the second switch position if the second

magnetic force is greater than the first magnetic force.

[0005] In a further embodiment, when the second magnetic force between the target and
the second magnet becomes weaker than the first magnetic force between the first magnet
and the second magnet, the first magnetic force causes the cross arm to move from the second

switch position to the first switch position.

[0006] In a still further embodiment, the first end of the cross arm is pivotably coupled to
the second end of the common arm, and the movement of the second magnet relative to the
first magnet causes the cross arm to rotate from the first switch position to the second switch

position or from the second switch position to the first switch position. In addition, an
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elongated actuator arm may couple the second magnet to the common arm. The actuator

arm may further be disposed within an aperture formed in the first magnet.

[0007] In another embodiment, the first end of each of the common arm, the primary arm,
and the secondary arm is disposed outside of the switch body. In addition, the switch body
may be cylindrical, and may be comprised of a high-temperature material. Moreover, the

switch body may be comprised of plastic, and the switch body may be hermetically sealed.

[0008] In accordance with another exemplary aspect of the present invention, a method of
detecting a target by a magnetically-triggered proximity switch includes providing a switch
body and disposing a second end of a common arm within the switch body. In addition, a
primary contact of a primary arm is disposed within the switch body, and a secondary contact
of a secondary arm is disposed within the switch body. The method also includes movably
coupling a cross arm having a common contact to the common arm and coupling a second
magnet to the common arm. A stationary first magnet is positioned within the switch body
adjacent to the second magnet, and the common contact of the cross arm is biased into
contact with the primary contact by the force of the first magnet acting on the second magnet.
The method further includes positioning a target at a first location outside of the switch body
such that the magnetic force between the target and the second magnet is greater than the
magnetic force between the first magnet and the second magnet, thereby moving the cross
arm such that the common contact disengages from the primary contact and engages with the

secondary contact.

[0009] In another embodiment, the method also includes positioning the target at a second
location outside of the switch body such that the magnetic force between the target and the
second magnet is less than the magnetic force between the first magnet and the second
magnet, thereby moving the cross arm such that the common contact disengages from the

secondary contact and engages with the primary contact.

[0010] In a further embodiment, the cross arm is pivotally coupled to the second end of the
common arm such that the cross arm pivots to disengage the common contact from the

primary contact and to engage the common contact with the secondary contact.

[0011] In a still further embodiment, when the common contact engages the primary

contact, a closed circuit is formed between the common arm and the primary arm, and when



WO 2011/156206 PCT/US2011/038949

the common contact engages the secondary contact, a closed circuit is formed between the

common arm and the secondary arm.

[0012] In an additional embodiment, the method includes disposing a first end of each of
the common arm, the primary arm, and the secondary arm outside of the switch body. In

addition, the method may include hermetically sealing the switch body.
BRIEF DESCRIPTION OF THE DRAWINGS
[0013] Figure 1A is a top semi-sectional view of an embodiment of a magnetically-
triggered proximity switch;
[0014] Figure 1B is a side view of the embodiment of Figure 1A;
[0015] Figure 1C is a rear view of the embodiment of Figure 1A;

[0016] Figure 2 is an exploded perspective view of an embodiment of a magnetically-
triggered proximity switch;

[0017] Figure 3 is perspective view of an embodiment of a magnetically-triggered
proximity switch;

[0018] Figure 4 is top view of a first body half of an embodiment of a magnetically-
triggered proximity switch;

[0019] Figure 5A is perspective view of a common arm of an embodiment of a
magnetically-triggered proximity switch;

[0020] Figure 5B is perspective view of a cross arm of an embodiment of a magnetically-
triggered proximity switch;

[0021] Figure 6A is semi-sectional view of an embodiment of a magnetically-triggered

proximity switch in a first switch position; and

[0022] Figure 6B is semi-sectional view of an embodiment of a magnetically-triggered

proximity switch in a second switch position.
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DETAILED DESCRIPTION

[0023] As illustrated in Figure 1A, a magnetically-triggered proximity switch 10 includes a
switch body 12 and a first magnet 14 non-movably secured within the switch body 12. The
proximity switch 10 also includes a common arm 16 having a first end 18 and a second end
20, and the second end 20 of the common arm 16 is disposed within the switch body 12. The
proximity switch 10 further includes a primary arm 22 having a first end 24 and a second end
26. The second end 26 is disposed within the switch body 12, and the second end 26 includes
a primary contact 28. In addition, the proximity switch includes a secondary arm 30 having a
first end 32 and a second end 34. The second end 34 is disposed within the switch body 12,
and the second end 34 includes a secondary contact 36. A cross arm 38 is disposed within
the switch body 12, and the cross arm 38 has a first end 40 and a second end 42. The first
end 40 is coupled to the common arm 16 and the second end 42 includes a common contact
44. A second magnet 46 is disposed within the switch body 12, and the second magnet 46 is
movable relative to the first magnet 14. Specifically, the second magnet 46 is coupled to the
cross arm 38 such that movement of the second magnet 46 causes a corresponding movement
of the cross arm 38 between a first switch position and a second switch position. In the first
switch position, illustrated in Figure 6A, the common contact 44 of the cross arm 38 is in
contact with the primary contact 28 of the primary arm 22, thereby completing a circuit
between the common arm 16 and the primary arm 22. In the second switch position, shown
in Figure 6B, the common contact 44 of the cross arm 38 is in contact with the secondary
contact 36 of the secondary arm 30, thereby completing a circuit between the common arm

16 and the secondary arm 30.

[0024] Figure 1A shows a cross-sectional view of the switch body 12 of the magnetically-
triggered proximity switch 10. The switch body 12 preferably has a generally cylindrical
shape having a circular cross-section. However, the switch body 12 may have any cross-
sectional shape, such as a polygon or an oval, for example. The switch body 12 may include
a first body half 12a and a second body half 12b. Because the second body half 12b may be
identical to the first body half 12a, only the first body half 12a is illustrated. Each of the first
body half 12a and the second body half 12b may be formed from plastic and may be
manufactured using conventional processes, such as injection-molding, for example. The

plastic may be a high-temperature material that allows the switch body 12 to be exposed to
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environments that may damage conventional plastic materials. The first body half 12a and
the second body half 12b may be joined into a single switch body 12, as illustrated in Figures
1B, 1C and 3, using any of several methods known in the art, such as ultrasonic welding or
by using an adhesive. Additionally, the switch body 12 may be hermetically sealed to protect
the protect the proximity switch from water or dirt particles. However, the switch body 12
may be made of any suitable material and may be manufactured by any means known in the

art,

[0025] As illustrated in Figures 1A and 4, the semi-cylindrical first body half 12a of the
switch body 12 may have a substantially planar mating surface 51 that is adapted to engage a
corresponding mating surface (not shown) of the second body half 12b to form the switch
body 12. The first body half 12a also includes an open first end 52 that includes a semi-
cylindrical second magnet cavity 54, and the second magnet cavity 54 may inwardly extend
along a longitudinal axis 56 of the body 12 that extends along the plane of the mating surface
51. The second magnet cavity 54 may be sized to receive a detector magnet assembly 58,
illustrated in Figure 2, that includes the disk-shaped second magnet 46 and a magnet base 60
coupled to the second magnet 46, and the detector magnet assembly 58 may slidably displace

within the second magnet cavity 54 along the longitudinal axis 56.

[0026] A semi-cylindrical first magnet cavity 62 may also be formed in the first body half
12a to receive and secure the first magnet 14 within the body such that a longitudinal axis of
the disk-shaped first magnet 14 is substantially aligned with the longitudinal axis 56 of the
first body half 12a. A semi-cylindrical upper arm cavity 64 may extend along the
longitudinal axis 56 between the second magnet cavity 54 and the first magnet cavity 62, and
the upper arm cavity 64 may be sized to receive an elongated actuator arm 66 that extends
between the cross-arm 38 and the magnet base 60. A generally rectangular contact cavity 68
may be formed in the first body half 12a to receive the second end 20 of the common arm 16,
the second end 26 of the primary arm 22, the second end 34 of the secondary arm 30, the
cross arm 38, and a first end 116 of the actuator arm 66. A semi-cylindrical lower arm cavity
70 may extend along the longitudinal axis 56 between the first magnet cavity 62 and the
contact cavity 68, and the lower arm cavity 70 may be sized to receive the actuator arm 66.

A rectangular common slot 72 may extend from the contact cavity 68 to a second end 74 of

the first body half 12a in a direction generally parallel to the longitudinal axis 56 such that the
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common slot 72 forms a common aperture 75 in a rear face 76 of the first body half 12a. The
common slot 72 may be sized to receive the common arm 16 such that the first end 18 of the
common arm 16 extends through the common aperture 75 formed in the rear face 76. A
rectangular primary slot 78 may extend from the contact cavity 68 to the second end 74 of the
first body half 12a in a direction generally parallel to and offset from the common slot 72
such that the primary slot 78 forms a primary aperture 80 in the rear face 76 of the first body
half 12a. The primary slot 78 may be sized to receive the primary arm 22 such that the first
end 24 of the primary arm 22 extends through the primary aperture 80 in the rear face 76. In
addition, a rectangular secondary slot 82 may extend from the contact cavity 68 to the second
end 74 of the first body half 12a in a direction generally parallel to and offset from both the
common slot 72 and the primary slot 78 such that the secondary slot 82 forms a secondary
aperture 84 in the rear face 76 of the first body half 12a. The secondary slot 82 may be sized
to receive the secondary arm 32 such that the first end 32 of the secondary arm 32 extends

through the secondary aperture 84 in the rear face 76.

[0027] As discussed above and as illustrated in Figures 1A and 2, the magnetically-
triggered proximity switch 10 also includes a detector magnet assembly 58 slidably disposed
within the second magnet cavity 54 of the first body half 12a and the second body half 12b of
the switch body 12. The detector magnet assembly 58 may include a second magnet 46, also
called a detector magnet, that may be cylindrical in shape. Preferably, the second magnet 46
has the shape of a disk. The second magnet 46 may be a permanent magnet or any other type
of suitable magnet. The detector magnet assembly 58 may also include a magnet base 60 that
may have a planar bottom portion 86 and a circumferential side wall 88 that extends away
from the bottom portion 86. The bottom portion 86 and side wall 88 may be dimensioned to
receive the second magnet 46 such that a planar surface of the second magnet 46 is proximate
to the top of the side wall 88 and the outside radius of the second magnet 46 is slightly less
than the inner radius of the side wall 88. The magnet base 60 may be made from a metal,
such as stainless steel, and the second magnet 46 may be secured to the magnet base 60 by a
magnetic force. Alternatively, the magnet base 60 may be made from a non-magnetic
material, and the second magnet 46 may be mechanically or adhesively secured to the magnet

base 60.
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[0028] Referring again to Figures 1A and 2, the magnetically-triggered proximity switch
10 further includes a first magnet 14, also called a bias magnet. The first magnet 14 may be
cylindrical in shape, and may have the shape of a disk. The first magnet 14 may also have an
aperture 90 formed along the central longitudinal axis of the first magnet 14, and the aperture
90 may be sized to receive the actuator arm 66. The first magnet 14 may be received into the
first magnet cavity 62 of the switch body 12 such that the first magnet 14 cannot displace
when the first body half 12a and the second body half 12b are joined together to form the
switch body 12. The first magnet 14 may be made from the same material as the second
magnet 46, but the radius and the thickness of the first magnet 14 may each be smaller than
the respective radius and thickness of the second magnet 46. The first magnet 14 may be
positioned within the first magnet cavity 62 such that the second magnet 46 is attracted
towards the first magnet 14. That is, if a north pole of the second magnet 46 faces the second
end 74 of the switch body 12, a south pole of the first magnet 14 is disposed facing the north
pole of the second magnet 46. Conversely, if a south pole of the second magnet 46 faces the
second end 74 of the switch body 12, a north pole of the first magnet 14 is disposed facing
the south pole of the second magnet 46.

[0029] Referring to Figures 1A, 2, and 5A, the magnetically-triggered proximity switch 10
also includes a common arm 16, which is a common component of the circuit formed by the
first switch position and the circuit formed by the second switch position. The common arm
16 may be a narrow strip of a conducting metal, such as copper or a copper alloy, and the
common arm 16 may be formed from a stamping process. As discussed above, the second
end 20 of the common arm 16 is disposed within the contact cavity 68 such that common arm
16 extends through the common slot 72 formed in the switch body 12, and the first end 18
protrudes through the common aperture 75 to a position outside of the switch body 12. The
common arm 16 may be positioned within the common slot 72 such a longitudinal axis of the
common arm 16 is parallel to the longitudinal axis 56 of the switch body 12, while in a
transverse direction, the common arm 16 is perpendicular to the plane passing through the
mating surface 51 of the first body half 12a. A rear surface 91 of the common arm 16 may
contact a first wall 92 of the common slot 72, the first wall 92 being longitudinally aligned
with the common arm 16 and perpendicular to the plane of the mating surface 51, as shown in

Figure 4. A portion of the common arm 16 disposed within the common slot 72 may be
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curved, and a top surface of the curved portion 94 may contact a second wall 96 forming the
common slot 72, the second wall 96 being offset from and parallel to the first wall 92.
Because the transverse distance between the top surface of the curved portion 94 and the rear
surface 91 of the common arm 16 is greater than the distance between the first wall 92 and
second wall 96 of the common slot 72, an interference fit is provided that secures the
common arm 16 within the common slot 72. A bottom surface 98 of the common arm 16
may contact a third wall 100 forming the common slot 72 of the first body half 12a, the third
wall 100 being perpendicular to the first wall 92 and the second wall 96, and a top surface
102 of the common arm 16 may contact a fourth wall (not shown) of the corresponding
common slot 72 of the second body half 12b when the first body half 12a and the second
body half 12b are assembled into the switch body 12. Because the third wall 100 of the
common slot 72 is closer to the plane formed by the mating surface 51 than a bottom surface
98 of the contact cavity 68, a gap exists between the bottom surface 101 of the common arm
16 and the bottom surface 101 of the contact cavity 68 of the first body half 12a. Similarly, a
gap exists between the top surface 102 of the common arm 16 and the top surface (not
shown) of the contact cavity 68 of the second body half 12b. The common arm 16 may also
include a transverse slot 104 that extends across the width of the common arm 16 proximate

to the second end 20.

[0030] Referring to Figures 1A and 2, the magnetically-triggered proximity switch 10 also
includes a primary arm 22. The primary arm 22 may be made from the same material as the
common arm 16, and the primary arm 22 may engage the primary slot 78 in the same manner
that the common arm 16 engages the common slot 72. Accordingly, a curved portion 106 of
the primary arm 22 provides an interference fit within the primary slot 78 to retain the
primary arm 22 within the primary slot 78. In addition, the first end 24 of the primary arm 22
extends from the primary aperture 80 formed in the rear face 76 of the switch body 12 such
that when viewed normal to the mating surface 51, the first end 24 of the primary arm 22 is
parallel to the first end 18 of the common arm 16. The second end 26 of the primary arm 22
is coupled to a primary contact 28. The primary contact 28 may be made from a conductive
metal, such as copper or a copper alloy, and the primary contact 28 may be secured to the
primary arm 22 in any manner known in the art, such as soldering or mechanical fastening.

Alternatively, the primary contact 28 may be integrally formed with the second end 26 of the
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primary arm 22. The primary contact 28 may be disposed proximate to a first cavity wall 108

that partially defines the contact cavity 68.

[0031] Referring again to Figures 1A and 2, the magnetically-triggered proximity switch
10 also includes a secondary arm 30. The secondary arm 30 may be made from the same
material as the common arm 16, and the secondary arm 30 may engage the secondary slot 82
in the same manner that the common arm 16 engages the common slot 72. However, the
secondary arm 30 may be positioned within the secondary slot 82 in a “mirror image”
relationship with the primary arm 22 in the primary slot 78. More specifically, a top surface
of the curved portion 110 of the secondary arm 30 may face a top surface of the curved
portion 106 of the primary arm 22. As configured, the first end 32 of the secondary arm 30
extends from the secondary aperture 84 formed in the rear face 76 of the switch body 12 such
that when viewed normal to the mating surface 51, the first end 32 of the secondary arm 30 is
parallel to both the first end 24 of the primary arm 22 and the first end 18 of the common arm
16. The second end 34 of the secondary arm 30 is coupled to a secondary contact 36.

Similar to the primary contact 28, the secondary contact 36 may be made from a conductive
metal, such as copper or a copper alloy, and the secondary contact 36 may be secured to the
secondary arm 30 in any manner known in the art, such as soldering or mechanical fastening.
Alternatively, the secondary contact 36 may be integrally formed with the second end 34 of
the secondary arm 30. The secondary contact 36 may be disposed proximate to a second
cavity wall 112 of the contact cavity 68 that is offset from and parallel to the first cavity wall
108.

[0032] Referring to Figures 1A, 2, and 5B, the magnetically-triggered proximity switch 10
also includes a cross arm 38. The cross arm 38 may be formed from a narrow strip of a
conducting metal, such as copper or a copper alloy, and the common arm 16 may be formed
from a stamping process and subsequent bending process. A second end 42 of the cross arm
38 may include a common contact 44. The common contact 44 may be made from a
conductive metal, such as copper or a copper alloy, and the common contact 44 may be
secured to the cross arm 38 in any manner known in the art, such as soldering or mechanical
fastening. Alternatively, the common contact 44 may be integrally formed with the second
end 42 of the cross arm 38. A first end 40 of the cross arm 38 may include an end loop 114,
and a portion of the end loop 114 may be disposed within the transverse slot 104 of the

10
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common arm 16 such that the cross arm 38 may rotate about the second end 20 of the
common arm 16 while maintaining contact with the common arm 16. The cross arm 38 may
be rotatable about the second end 20 of the common arm 16 between a first switch position
and a second switch position. In the first switch position, shown in Figure 6A, the common
contact 44 of the cross arm 38 is in contact with the primary contact 28 of the primary arm
22, thereby completing a circuit between the common arm 16 and the primary arm 22. In the
second switch position, shown in Figure 6B, the common contact 44 of the cross arm 38 is in
contact with the secondary contact 36 of the secondary arm 30, thereby completing a circuit

between the common arm 16 and the secondary arm 30.

[0033] Referring again to Figures 1A, 2, and 5B, the magnetically-triggered proximity
switch 10 also includes an actuator arm 66. The actuator arm 66 may be an elongated
cylinder having a first end 116 and a second end 118 opposite the first end 116. Instead of a
cylinder, the actuator arm 66 hay have any suitable cross-sectional shape or combination of
shapes, such as that of a square, oval, or polygon. The actuator arm 66 may be formed from a
plastic material or any other suitable material. The actuator arm 66 may be slidably disposed
in the upper arm cavity 64 and the lower arm cavity 70 of the switch body 12, and each of the
upper arm cavity 64 and the lower arm cavity 70 may have an inner diameter that is slightly
greater than the outer diameter of the actuator arm 66. The actuator arm 66 may also extend
through the aperture 90 in the first magnet 14 when the first magnet 14 is disposed within the
first magnet cavity 62. The first end 116 of the actuator arm 66 may include a groove 120,
and the groove 120 may receive an edge portion 122 that defines the aperture in the cross arm
38 to secure the actuator arm 66 to the cross arm 38, as shown in Figure 5B. However, the
first end 116 may be coupled to the cross arm 38 by any means known in the art, such as, for
example, mechanical fastening. The second end 118 of the actuator arm 66 may be coupled
to the magnet base 60 of the detector magnet assembly 58 in a manner similar to the coupling

of the first end 116 to the cross arm 38.

[0034] In operation, the first magnet 14 provides a magnetic force that attracts the second
magnet 46. This attractive force displaces the detector magnet assembly 58 towards the first
magnet 14, thereby displacing the actuator arm 66 towards the second end 74 of the switch

body 12. The displacement of the actuator arm 66 rotates the cross arm 38 about the second

end 20 of the common arm 16 such that the common contact 44 is in contact with the primary

11
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contact 28. In this first switch position, shown in Figure 6A, a circuit is completed between
the primary arm 22 and the common arm 16. Accordingly, the closed circuit that results from
the first switch position can be detected by a processor that is operatively connected to the

first end 18 of the common arm 16 and the first end 24 of the primary arm 22.

[0035] However, when a magnetic target 124, which may include a permanent magnet or a
ferrous metal, is moved into a position within a predetermined range of the proximity switch
10, the magnetic force between the target 124 and the second magnet 46 may be greater than
the magnetic force between the second magnet 46 and the first magnet 14. The greater force
displaces the detector magnet assembly 58 towards the target 124 and away from the first
magnet 14, thereby displacing the actuator arm 66 that is rigidly coupled to the magnet base
60 of the detector magnet assembly 58. As the actuator arm 66 is displaced, the cross arm 38
is rotated about the second end 20 of the common arm 16 to move the common contact 44 out
of contact with the primary contact 28 and into contact with the secondary contact 36. In this
second switch position, shown in Figure 6B, a circuit is completed between the secondary
arm 30 and the common arm 16. Accordingly, the closed circuit that results from the second
switch position can be detected by a processor that is operatively connected to the first end 18
of the common arm 16 and the first end 32 of the secondary arm 30. When the target is no
longer within the predetermined range of the proximity switch 10, the magnetic force
between the first magnet 14 and the second magnet 46 becomes greater than the magnetic
force between the second magnet 46 and the target 124, and the proximity switch 10 moves

into the first position in the manner described above.

[0036] One having ordinary skill in the art would recognize that the magnetic force
between the target 124 and the second magnet 46 can depend on several factors, such as the
relative size of the target 124 and the second magnet 46 and the distance between the target
124 and the second magnet 46, and these variables can be adjusted to provide for optimal
interaction between the proximity switch 10 and the target 124. In a similar manner the

magnetic force between the second magnet 46 and the first magnet 14 can also be adjusted.

[0037] One having ordinary skill in the art would also recognize that the disclosed
embodiments of the magnetically-triggered proximity switch 10 allows for a relatively small
switch body 12 having an integrated design, which further allows the magnetically-triggered

proximity switch 10 to be used in applications with limited space requirements, such as in

12
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electrical junction boxes. It is also apparent to one having ordinary skill in the art that the
disclosed embodiments of the magnetically-triggered proximity switch 10, unlike typical
proximity switches, do not need an external power source to function, thereby simplifying

installation and extending the working life of the proximity switch 10.

[0038] While various embodiments have been described above, this disclosure is not
intended to be limited thereto. Variations can be made to the disclosed embodiments that are
still within the scope of the appended claims. For example, instead of the single pole/single
throw configuration described, a double pole/double throw configuration is also
contemplated. In addition, LEDS may be included in the housing to visually indicate

whether the proximity switch is in the first switch position or the second switch position.

13
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WHAT IS CLAIMED IS:
1. A magnetically-triggered proximity switch comprising:
a switch body;
a first magnet non-movably secured within the switch body;

a common arm having a first end and a second end, the second end being disposed

within the switch body;

a primary arm having a first end and a second end, the second end being disposed

within the switch body, and the second end including a primary contact;

a secondary arm having a first end and a second end, the second end being disposed

within the switch body, and the second end including a secondary contact;

a cross arm disposed within the switch body, the cross arm having a first end and a
second end, wherein the first end is coupled to the common arm and the second end includes

a common contact; and

a second magnet disposed within the switch body, the second magnet being movable
relative to the first magnet, wherein the second magnet is coupled to the cross arm such that
movement of the second magnet causes a corresponding movement of the cross arm between

a first switch position and a second switch position,

wherein in the first switch position, the common contact of the cross arm is in contact
with the primary contact of the primary arm, thereby completing a circuit between the

common arm and the primary arm, and

wherein in the second switch position, the common contact of the cross arm is in
contact with the secondary contact of the secondary arm, thereby completing a circuit

between the common arm and the secondary arm.

14
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2. The magnetically-triggered proximity switch of claim 1, wherein the first magnet
and the second magnet are selected to create a first magnetic force between the first magnet
and the second magnet, and the first magnetic force maintains the cross arm in the first switch
position, and wherein the second magnet and a target outside of the switch body are selected
to create a second magnetic force between the second magnet and the target, and the second
magnetic force causes the cross arm to move from the first switch position to the second

switch position if the second magnetic force is greater than the first magnetic force.

3. The magnetically-triggered proximity switch according to any of the preceding
claims, wherein when the second magnetic force between the target and the second magnet
becomes weaker than the first magnetic force between the first magnet and the second
magnet, the first magnetic force causes the cross arm to move from the second switch

position to the first switch position.

4. The magnetically-triggered proximity switch according to any of the preceding
claims, wherein the first end of the cross arm is pivotably coupled to the second end of the
common arm, and the movement of the second magnet relative to the first magnet causes the
cross arm to rotate from the first switch position to the second switch position or from the

second switch position to the first switch position.

5. The magnetically-triggered proximity switch according to any of the preceding

claims, wherein an elongated actuator arm couples the second magnet to the common arm.

6. The magnetically-triggered proximity switch according to any of the preceding

claims, wherein the actuator arm is disposed within an aperture formed in the first magnet.

7. The magnetically-triggered proximity switch according to any of the preceding
claims, wherein the first end of each of the common arm, the primary arm, and the secondary
arm is disposed outside of the switch body.

15
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8. The magnetically-triggered proximity switch according to any of the preceding

claims, wherein the switch body is cylindrical.

9. The magnetically-triggered proximity switch according to any of the preceding

claims, wherein the switch body is comprised of a high-temperature material.

10. The magnetically-triggered proximity switch according to any of the preceding

claims, wherein the switch body is comprised of plastic.

11. The magnetically-triggered proximity switch according to any of the preceding

claims, wherein the switch body is hermetically sealed.

12. A method of detecting a target by a magnetically-triggered proximity switch

comprising:
providing a switch body;
disposing a second end of a common arm within the switch bodys;
disposing a primary contact of a primary arm within the switch body;
disposing a secondary contact of a secondary arm within the switch body;
movably coupling a cross arm having a common contact to the common arm;
coupling a second magnet to the common arm;

positioning a stationary first magnet within the switch body adjacent to the second
magnet;
biasing the common contact of the cross arm into contact with the primary contact by

the force of the first magnet acting on the second magnet; and

positioning a target at a first location outside of the switch body such that the

magnetic force between the target and the second magnet is greater than the magnetic force
16
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between the first magnet and the second magnet, thereby moving the cross arm such that the
common contact disengages from the primary contact and engages with the secondary

contact,

13. The method of claim 12, further comprising positioning the target at a second
location outside of the switch body such that the magnetic force between the target and the
second magnet is less than the magnetic force between the first magnet and the magnetic
assembly, thereby moving the cross arm such that the common contact disengages from the

secondary contact and engages with the primary contact.

14. The method according to any of the preceding claims, wherein the cross arm is
pivotally coupled to the second end of the common arm such that the cross arm pivots to
disengage the common contact from the primary contact and to engage the common contact

with the secondary contact.

15. The method according to any of the preceding claims, wherein when the common
contact engages the primary contact, a closed circuit is formed between the common arm and
the primary arm, and when the common contact engages the secondary contact, a closed

circuit is formed between the common arm and the secondary arm.

16. The method according to any of the preceding claims, further comprising
disposing a first end of each of the common arm, the primary arm, and the secondary arm

outside of the switch body.

17. The method according to any of the preceding claims, further comprising

hermetically sealing the switch body.

17
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