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Magnetic Actuation of a Switching Device

Related Application

This application is related to a co-pending and co-owned patent
application entitled “Methods and Apparatus for Actuating and Deactuating a
Switching Device Using Magnets,” Honeywell Docket No. H0003288, U.S. Serial
No. 10/, filed on August 26, 2002.

Technical Field

The present invention generally relates to electro-mechanical
switches and energy-storing actuators. In addition, the present invention relates to
electro-mechanical switches and energy-storing actuators that can be adapted for use

with thermostats.

Background

Electro-mechanical switches are utilized in a variety of industrial,
consumer and commercial applications. Certain types of electrical switching
applications require a mechanical switch that can operate properly with a slowly-
applied, low-actuation force. Such a switch must also be extremely reliable and
generate an accurate, repeatable response, while possessing a small actuation
differential and/or low energy requirement. These requirements arise perhaps most
commonly in applications involving electro-mechanical thermostats, which are
utilized for controlling heating and cooling in homes and buildings where coils of
standard bimetal strips form the switch actuation elements. For many years this
thermostatic switching function has been performed by mercury bulb switch
elements.

Due to the environmental concerns associated with the use of
mercury, it is anticipated that electro-mechanical switches will eventually replace
mercury-based switches. Legislation currently being drafted and passed in a variety
of countries, including the United States, is aimed at banning the use of mercury in
most consumer-based applications. Thus, non-mercury based switches must be

developed to replace such mercury-type switching mechanisms.
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Some attempts have been made "at i€plating fiertuty-switching
devices. For example, so-called “snap action” switches have been designed to
address the environmental concerns that mercury bulb switch elements raise. As
utilized herein, the term "snap action switch" generally refers to a low actuation
force switch, which utilizes an internal mechanism to rapidly shift or snap the
movable contact from one position to another, thus making or breaking electrical
conduction between the movable contact and a fixed contact in response to moving
an operating element of the switch, such as a plunger, a lever, a spring, or the like
from a first to a second operating position. Typically, these switches require only a
few millimeters of movement by the operating element to change the conduction
state of the switch.

Such switches can safely and reliably operate at a current level of
several amperes using the standard 24 VAC power that thermostats control.
However, when actuated by a slowly-applied, low-actuation force such as is
provided by a thermostat's coiled bimetal strip, snap action switches may
occasionally hang in a state between the two conducting states, or may switch so
slowly between the two conducting states that unacceptable arcing and/or increased
temperature can occur when entering the non-conducting state. Either condition
gives rise to unacceptable reliability and predictability ;)f operation. Furthermore,
these switches frequently have unacceptably large differentials, which means that
the position of the operating element at which actuation of the switch to one state
occurs differs substantially from the position of the actuation element at which
actuation of the switch to the other state occurs. If the differential is too large, then
the temperature range that the controlled space experiences is also too large.

Thermostats with electronic components are generally known in the
art. An example of an electro-mechanical thermostat that has been utilized in
commercial, consumer and industrial applications is the T87 thermostat produced by
Honeywell International, Inc. (“Honeywell”) of Minneapolis, Minnesota. An
example of the T87 thermostat is disclosed in the publication “Thermostats T87F,”
Form Number 60-2222-2, S.M. Rev. 4-86, which is incorporated herein by
reference. Another example of the T87F thermostat is disclosed in the publication
«“T87F Universal Thermostat,” Form Number 60-0830-3, S.M. Rev. 8-93, which is
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also incorporated herein by reference. The T87F thiefniostat; ini particular, provides
temperature control for residential heating, cooling or heating-cooling systems. U.S.
Patent No. 5,262,752, which is incorporated by reference, is an example of an
electrical switch assembly that forms the temperature responsive element in a
thermostat.

One of the problems encountered in the efficient utilization of many
thermostats in use today is the problem of actuating an electro-mechanical switch
with a slow-moving actuator, such as a bimetal element, without sacrificing the
switch's electrical life. For example, electro-mechanical thermostats, such as the
T87 line of thermostats manufactured by Honeywell, utilize a bimetal element as the
temperature-sensing device. In the operation of the thermostat, the bimetal element
moves a small amount at a slow rate. Actuating a switch directly off the bimetal
element results in an inordinate amount of time spent, during the switching cycle, at
or near snap-over. Electro-mechanical switches have low contact forces near snap-
over and zero contact forces at snap-over. When the switch contact forces are low
or zero, the amount of electrical resistance at the contact interface increases. As the
electrical resistance to current passing through the switch increases, the heat also
increases. The electrical life of an electro-mechanical switch is reduced with time as
the current is carried at or near the snap-over points.

The present inventors have thus concluded, based on the foregoing,
that a need exists for an improved apparatus, including a method thereof, for

effectively actuating an electro-mechanical switch.

Summary
The present invention generally relates to electro-mechanical

switches and energy-storing actuators. In addition, the present invention relates to
electro-mechanical switches and energy-storing actuators that can be adapted for use
with thermostats.

In one aspect, the invention relates to a control device including a
ferromagnetic armature configured to move between a first position and a second
position, the ferromagnetic armature being biased in the first position, an energy-

storing member positioned adjacent the ferromagnetic armature, the energy-storing
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member being configured to move between an ‘attfdcting positich dnd dnon-
attracting position based on a temperature of an environment surrounding the
energy-storing member, a magnet coupled to the energy-storing member, and a
ferromagnetic backstop. When the energy-storing member is in the non-attracting
position, the magnet is positioned adjacent the ferromagnetic backstop and the
ferromagnetic backstop holds the magnet and the energy-storing member in the non-
attracting position. When the temperature of the environment changes by an
actuating amount, the energy-storing member generates a force sufficient to snap
from the non-attracting position to the attracting position. When the energy-storing
member snaps from the non-attracting to the attracting position, the armature is
caused to snap from the first position to the second position, thereby causing the
device to transition from a first operating state to a second operating state.

In another aspect, the invention relates to a control device including a
switch including a ferromagnetic armature configured to move between a first
position, wherein the armature is biased in the first position, and a second position,
wherein in the second position the armature actuates a plunger that causes the switch
to snap from an open position to a closed position, and an energy-storing member
positioned adjacent the ferromagnetic armature, the energy-storing member
including a magnet and being configured to move the magnet between an attracting
position and a non-attracting position based on a temperature of an environment
surrounding the energy-storing member. When the energy-storing member positions
the magnet in the attracting position, the magnet causes the armature to snap from
the first position to the second position, thereby actuating the plunger and causing
the switch fo snap from an open position to a closed position.

In yet another aspect, the invention relates to a switching apparatus
for a thermostat including a switch including a lever coupled to a ferromagnetic
armature configured to move between a first position, wherein the armature is biased
in the first position, and a second position, wherein in the second position the
armature actuates a plunger that causes the switch to snap from an open position to a
closed position, a bimetal member positioned adjacent the ferromagnetic armature,
the bimetal member being configured to move between an attracting position and a

non-attracting position based on a temperature of an environment surrounding the
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bimetal member, a magnet mounted on a free e€hd 61 the bifngtar miémber, a Stop
positioned between the ferromagnetic armature and the magnet, the stop including a
first surface configured to engage the ferromagnetic armature and a second surface
configured to engage the magnet, wherein the first surface is positioned to control an
amount of travel of the ferromagnetic armature, and wherein the stop is configured
to provide a minimum distance between the magnet and the ferromagnetic armature,
and a ferromagnetic backstop. When the bimetal member is in the non-attracting
position, the magnet is positioned adjacent the ferromagnetic backstop and the
ferromagnetic backstop holds the magnet and the bimetal member in the non-
attracting position. When the temperature of the environment changes by an

actuating amount, the bimetal member generates a force sufficient to snap from the

~ non-attracting position to the attracting position. When the bimetal member snaps

from the non-attracting to the attracting position, the armature is caused to snap from
the first position to the second position, thereby actuating the plunger and causing
the device to transition from the open position to the closed position.

In another aspect, the invention relates to a method for switching a
thermostat from a first state to a second state, the method including: providing a
switch including a ferromagnetic armature, the ferromagnetic armature having a first
position in which the switch is in a closed position, and a second position in which
the switch is in an open position; positioning a free end of a bimetal member
including a magnet adjacent to the ferromagnetic armature; allowing the bimetal
member and magnet to move towards and attract the ferromagnetic armature as a
temperature of an environment surrounding the bimetal member changes, the
magnet causing the ferromagnetic armature to snap from the first position to the
second position towards the magnet; stopping the magnet prior to the magnet
contacting the ferromagnetic armature; and allowing the switch to snap from the
closed position to the open position because of the snap of the ferromagnetic
armature.

The above summary of the present invention is not intended to
describe each disclosed embodiment or every implementation of the present

invention. Figures in the detailed description that follow more particularly
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exemplify embodiments of the invention. While &rtain ethBodinients Will be

illustrated and described, the invention is not limited to use in such embodiments.

Brief Description of the Drawings

The invention may be more completely understood in consideration
of the following detailed description of various embodiments of the invention in
connection with the accompanying drawings, in which:

Figure 1 is a schematic diagram of an embodiment of an electro-
mechanical thermostat made in accordance with the present invention;

Figure 2 is a schematic diagram drawing of an embodiment of an
energy-storing actuator made in accordance with the present invention;

Figure 3 is a side schematic diagram of an embodiment of an electro-
mechanical switch made in accordance with the present invention;

Figure 4 is a top schematic diagram of the electro-mechanical switch
shown in Figure 3;

Figure 5 is an end schematic diagram of the electro-mechanical
switch shown in Figure 3;

Figure 6 is a cross-sectional view taken along line 6-6 of Figure 5
showing the internal mechanisms of the electro-mechanical switch;

Figure 7 is a side perspective view of the electro-mechanical switch
shown in Figure 3 with the cover removed;

Figure 8 is a top schematic diagram of the electro-mechanical switch
shown in Figure 7;

Figure 9 is a schematic diagram of a first embodiment of a switching
apparatus including an energy-storing actuator and an electro-mechanical switch in a
first operating state;

Figure 10 is a schematic diagram of the switching apparatus of
Figure 9 moving towards a second operating state;

Figure 11 is a schematic diagram of the switching apparatus of
Figure 9 in the second operating state;

Figure 12 is a schematic diagram of the switching apparatus of

Figure 9 moving towards the first operating state;
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Figure 13 is a schematic diagrath 61"a sécofid €mbodiment o1 a
switching apparatus including an energy-storing actuator and an electro-mechanical
switch in a first operating state; and

Figure 14 is a schematic diagram of the switching apparatus of
Figure 13 in the second operating state.

While the invention is amenable to various modifications and
alternative forms, specifics thereof have been shown by way of example and the
drawings and will be described in detail. It should be understood, however, that the
intention is not to limit the invention to the particular embodiments described. On
the contrary, the intention is to cover all modifications, equivalents, and alternatives

falling within the spirit and scope of the invention.

Detailed Description

The present invention generally relates to electro-mechanical
switches and energy-storing actuators. In addition, the present invention relates to
electro-mechanical switches and energy-storing actuators that can be adapted for use
with thermostats. While the present invention is not so limited, an appreciation of
the various aspects of the invention will be gained through a discussion of the
examples provided below.

In accordance with the present invention, an example embodiment of
the present invention may include an electro-mechanical thermostat comprising an
energy-storing actuator and an electro-mechanical switch. Both the energy-storing
actuator and the mechanical switch may exhibit a snap action, thereby enhancing the
switching characteristics of the thermostat and reducing undesirable characteristics
such as arcing, heat-rise, and/or unacceptably large differentials which may be

associated with electro-mechanical switching.

I. Electro-Mechanical Thermostat

Referring now to Figure 1, an embodiment of an electro-mechanical
thermostat 100 is illustrated. The thermostat generally includes a housing 105, an
energy-storing actuator, illustrated in the example embodiment as a bimetal element

200, and an electro-mechanical switch 300.
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A nominal temperature set point, or the temperature at which the
thermostat turns on or off, is established by the orientation of a coupling element
102. A user may change or establish the temperature set point by rotating a knob
(not shown). The knob is coupled to a pinion 106 that rotates about a center shaft
107 of the housing 105. The pinion 106 is coupled, in turn, to a sector (not shown)
by a set of gear teeth 108. The sector is coupled to the coupling element 102 using a
frictional fit. In this manner, the user may rotate the knob, thereby changing the
orientation of the coupling element 102 and the temperature set point of the

thermostat.

1. Energy-Storing Actuator

A first embodiment of the bimetal element 200 is illustrated in Figure
2. The bimetal element 200 includes a fixed end 210 that is coupled to the electro-
mechanical therfnostat 100 by the coupling element 102 (shown in Figure 1). The
bimetal element 200 also includes a coiled mid-body 215 and a free end 220.

As is generally known in the art, the coiled mid-body 215 performs
as an energy-storing actuator that coils and uncoils based on changes in a
temperature of an environment surrounding the bimetal element 200. As the coiled
mid-body 215 coils and uncoils, the free end 220 moves generally in a direction A
and a direction A' opposite to the direction A.

A magnet 240 is coupled at the free end 220 on a surface 230 of the
bimetal element 200. The magnet 240 may be, for example, a permanent magnet
made of ferrite or neodymium ferrite. In the example embodiment shown, the
magnet 240 is made of Koerdym80 by Magnequench® of Indianapolis, Indiana and
is 0.220 inches by 0.360 inches by 0.160 inches in dimension. Because the magnet
240 is positioned at the free end 220, the magnet 240 travels generally in the
directions A and A’ as the free end 220 of the bimetal element 200 moves due to the
coiling and uncoiling of the mid-body 215.

Also included with this embodiment of the bimetal element 200 is a
ferromagnetic backstop 250 positioned adjacent to the free end 220 and the magnet
240. For example, the ferromagnetic backstop 250 may be made of steel or other

material possessing good magnetic characteristics. The ferromagnetic backstop 250
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is positioned :co attract the magnet 240 and attaché&d fiee end 220 of the bimetal
element 200. In addition, as described in more detail below, the bimetal element
200 may generate and store sufficient energy to move the free end 220 in the
direction A, thereby breaking the attraction between the magnet 240 and the
ferromagnetic backstop 250.

Other energy-storing actuators besides a bimetal element may also be

used. For example, a diaphragm may also be used.

III. Mechanical Switch

Referring now to Figure 3-8, the example electro-mechanical switch
300 is illustrated. The switch 300 generally includes a case 305, a cover 306, an
operating member or lever 310, and terminals 320, 322, and 324. The lever 310
extends from a first end 312 positioned within the cover 306, to a second end 314
positioned outside the cover 306. The first end 312 of the lever 310 is positioned
adjacent to and rides on the pin 330 so that the lever 310 pivots about the pin 330 as
the second end 314 moves generally in a direction B. The terminals 320, 322, and
324 may be used to make electrical connections between components external to the
electro-mechanical switch 300 and internal switch components.

Referring now to Figures 6-8, the internal components of the electro-
mechanical switch 300 are shown. These components include a plunger 340, a
spring arm 370 coupled to the switch 300 by an anchor 365, a moveable contact 371,
stationary contacts 350 and 352, and a spring member 360. When the plunger 340 is
not depressed, the moveable contact 371 of the spring arm 370 is in contact with the
upper stationary contact 350. In Figure 6, the plunger 340 is illustrated in a partially
depressed position. The spring arm 370 is moveable between the two stationery
contacts 350 and 352. In operation, movement of the lever 310 depresses the
plunger 340, which in turn depresses the spring arm 370. However, movement of
the spring arm 370 is resisted by spring 360 until sufficient force is exerted by the
plunger 340. At a critical point, the spring arm 370 has stored enough energy to
overcome the opposing force bf the spring 360, and the spring arm 370 snaps so that
the moveable contact 371 contacts the lower stationary contact 352. Upon release of

the plunger 340, the spring 360 causes the spring arm 370 to snap the moveable
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embodiment shown, the terminal 320 is coupled to the spring arm 370, the terminal
322 is coupled to the stationary contact 352, and the terminal 324 is coupled to the
stationary contact 350.

Additional details regarding the embodiment of the electro-
mechanical switch 300 can be found in the publication "Micro Switch General
Technical Bulletin No. 13, Low Energy Switching" from Micro Switch of Freeport,
Illinois, a division of Honeywell Inc., which is hereby incorporated by reference in
its entirety.

In the example embodiment shown, the switch 300 is a Honeywell
Micro Switch Model No. X114055-SM (0146) produced by Honeywell, Inc. of
Minneapolis, Minnesota. Other electro-mechanical switching apparatuses may also

be used.

IV. First Embodiment of Switching Apparatus

Referring now to Figures 9-12, a first embodiment of a switching
apparatus 400 is shown. The switching apparatus 400 generally includes the bimetal
element 200 and the electro-mechanical switch 300.

In addition to the bimetal element 200 and the electro-mechanical
switch 300, the second end 314 of the lever 310 of the electro-mechanical switch
300 is coupled to a ferromagnetic armature 410 positioned to extend from the end
314. For example, the ferromagnetic armature 410 may be made of steel or other
material with good magnetic characteristicé.

Further, a stop 420 is provided adjacent to the switch 300. The stop
420 is positioned to extend between the ferromagnetic armature 410 of the electro-
mechanical switch 300 and the magnet 240 of the bimetal element 200. More
specifically, the stop 420 is positioned so that a lower surface 422 of the stop 420 is
positioned to engage a surface 242 of the magnet 240, and an upper surface 424 of
the stop 420 is positioned to engage a surface 414 of the ferromagnetic armature
410. The location of the upper surface 424 sets the amount of travel of the

ferromagnetic armature 410. For example, moving the upper surface 424 of the stop
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420 in a direction away from the ferromagneti¢ afratufe #10"iiiéreases the ttavel of
the armature (i.e. the switch travel).

A distance S between the upper and lower surfaces 424 and 422 is the
spacer distance. The magnetic force between the magnet 240 and the ferromagnetic
armature 410 increases exponentially as the distance S between the surfaces 424 and
422 decreases. The stop 420 limits the amount of magnetic force that can be
developed between the magnet 240 and the ferromagnetic armature 410. The greater
the distance S, the lower the magnetic force that is generated between the magnet
240 and the ferromagnetic armature 410 and the lower the energy that needs to be
accumulated by the bimetal element 200 to cause the magnet 240 to move away
from the armature ferromagnetic armature 410 (i.e. in the direction D', as described
below in relation to Figure 12). In the example embodiment, the stop 420 is made of
plastic. Any other non-magnetic material may also be used.

As shown in Figure 9, the switching apparatus 400 is in a first
operating state. The magnet 240 on the bimetal element 200 is positioned at a
distance with respect to the stop 420, and the lever 310 with the ferromagnetic
armature 410 is positioned in a first position such that the switch 300 is in an open
position.

Referring now to Figure 10, the switching apparatus 400 is illustrated
traveling from the first operating state toward a second operating state. This
transition is initiated by the bimetal element 200, which causes the magnet 240 to
move closer to the stop 420 in a direction D as the temperature of the environment
surrounding the bimetal element 200 decreases or cools. In the alternative, the
bimetal element 200 could be oriented so that the magnet 240 moves in a direction D
as the temperature of the environment increases. At the same time, magnetic
attractive forces exerted by the magnet 240 on the ferromagnetic armature 410
increase as the magnet 240 moves in the direction D, causing the ferromagnetic
armature 410 to move generally in a direction C towards the stop 420. In this
transition between the first operating state and thé second operating state, the
electro-mechanical switch 300 has not reached its operating point, or the point at
which the electro-mechanical switch 300 switches from the first operating state to

the second operating state.
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The switching apparatus 400 mdy be configired 6748 to transition
from the first operating state to the second operating state when the temperature
surrounding the apparatus 400 changes by an actuating amount. In one embodiment
of the thermostat, the actuating amount may be set to 1 degree Fahrenheit so that the
switch will transition from the first operating state to the second operating state, or
vice versa, when the environmental temperature is 1 degree Fahrenheit above or
below the set point for the thermostat. In other embodiments, the actuating amount
may be set to 1.5 degrees. Other actuating amounts may also be used, as desired.

Referring now to Figure 11, the switching apparatus 400 has reached
the second operating state. The bimetal element 200 has continued to move the
magnet 240 towards the stop 420, and the ferromagnetic armature 410 that is
coupled to the lever 310 has continued to move towards the stop 420 as the magnetic
attractive forces on the armature 410 increase. At a critical point, the attractive
forces between the magnet 240 and the ferromagnetic armature 410 increase to a
point at which the magnet 240 and the ferromagnetic armature 410 move rapidly
towards one another until each contacts the stop 420, as shown in Figure 11. This
rapid movement of the magnet 240 and the armature 410 is a first snap action. The
first snap action causes the lever 310 coupled to the armature 410 to also move
rapidly in the direction C, actuating the plunger 340 of the electro-mechanical switch
300. Movement of the plunger 340 causes the switch 300 to undergo a second snap
action internally as the spring 360 of the electro-mechanical switch 300 is actuated.
The switching apparatus 400 thereby moves from the first operating state to the
second operating state.

Referring now to Figure 12, the switching apparatus is shown moving
from the second operating state back towards the first operating state. This
transition occurs as the temperature of the environment surrounding the bimetal
element 200 increases or heats up, thereby causing the bimetal element 200 to begin
to exert forces in a direction D'. In the alternative, the bimetal 200 could be oriented
so that the bimetal moves in a direction D' when the environment cools. When
sufficient energy is stored in the bimetal element 200 to break the attraction between
the magnet 240 and the ferromagnetic armature 410, the magnet 240 is moved in the

direction D' by the bimetal element 200 and the armature 410 moves in an opposite
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direction C' back towards the first operating stdte. At a ce€rtainpoint, the magnet
240 has moved a sufficient distance in the direction D' so that the ferromagnetic
armature 410 moves far enough in the direction C' past the operating point of the
switch 300, causing the switch to undergo a snap action due to the spring 360 (see
Figures 6-8) in the electromagnetic switch 300, and allowing the switching
apparatus 400 to return to the first operating state, as is illustrated in Figure 9.

In the example embodiment shown, the bimetal element 200 is
configured to exhibit a given bimetal spring rate. The bimetal spring rate defines
how much force must be applied to cause the bimetal element 200 to deflect a given
amount (e.g., from a non-attracting position to an attracting position). In addition,
the electro-mechanical switch 300 is configured to exhibit a given switch spring rate
defining how much force must be applied to cause the ferromagnetic armature 410
to deflect a given amount (e.g., to cause the electro-mechanical switch 300 to snap
from the first operating state to the second operating state). Further, the magnet 240
is configured (e.g., magnet size and materials used to make the magnet) to provide a
given magnetic attractive force.

In the example embodiment, the bimetal spring rate, the switch spring
rate, and the magnet 240 are configured so that, at the critical point, the bimetal
spring rate allows the attractive force between the magnet 240 and the ferromagnetic
armature 410 to cause the magnet 240 to snap from the non-attracting position to the
attracting position. When the magnet 240 snaps to the attracting position, the switch
spring rate is configured to allow the ferromagnetic armature 410 of the switch 300
to snap from the first operating position to the second operating position. Therefore,
in the embodiment shown, the bimetal spring rate and the switch spring rate of the
switching apparatus 400 are configured so that the magnet 240 snaps from the non-
attracting to the attracting position prior to the switch 300 snapping from the first
operating position to the second operating position. The bimetal spring rate, switch
spring rate, and the configuration of the magnet 240, as well as the relative positions
of each of the components, can be modified to optimize the switching apparatus 400.

In the example embodiment shown, and without limitation, the
magnet force necessary to cause snap over (i.e. transition from the first operating

position to the second operating position) can be expressed as shown in Equation 1,
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wherein the gap is the distance between the magnet 240 afidthe féiromagnetic
armature 410, where the magnet 240 is made of Koerdym80 by Magnequench® and
has dimensions of 0.220 inches by 0.360 inches by 0.160 inches.

£ = 60e20EP) (1)

In the example embodiment shown, the bimetal spring rate constant
(Kb) is 110 gm/in and the switch spring rate constant (Ksw) is 139 gm/in. The
spring rates of the bimetal element 200 and the switch 300 act in series. Therefore, a
system spring rate constant (Keq) can be calculated as shown in Equation 2.

Keq = @

Kb+Ksw
Using Equation 2, the system spring rate constant Keq for the example embodiment
is calculated as 61.4 gm/in. ,

Snap over occurs when the slope of the magnet force fi, exceeds the
slope of the spring rate for the system. Using the system spring rate constant Keq
and Equation 1, the gap at snap over for the shown embodiment can be calculated as
0.148 in. The example numeric values for the spring rate constants and gap
provided herein are specific to the example embodiment shown. Various other
configurations can be used, and each configuration can be constructed with spring
constants and gaps different from the numeric values provided above.

In this manner, the switching apparatus 400 may travel between the
first and second operating states through a double snap action. The double snap
action may be advantageous, for example, to isolate the electro-mechanical switch
from the bimetal element, should the performance of the bimetal element deteriorate
due, for example, to the accumulation of foreign matter on the bimetal element and

permanent magnet.

V. Second Embodiment of Switching Apparatus

Referring now to Figures 13 and 14, an embodiment of a second

switching apparatus 400" is shown. The switching apparatus 400' is similar to the
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switching apparatus 400, except that the switcHing apparatus400’ inicludes a
ferromagnetic backstop 250.

In Figure 13, the switching apparatus 400' is in the first operating
state. The free end 220 of the bimetal 200, with the magnet 240, contacts and is
magnetically attracted to the ferromagnetic backstop 250. As the temperature
surrounding the bimetal element 200 decreases, causing the bimetal element to store
energy, the bimetal element 200 attempts to move the free end 220 with the magnet
240 towards the stop 420 as the bimetal 200 attempts to uncoil. Alternatively, the
bimetal element 200 may be oriented to uncoil as the temperature increases.
However, the attractive forces between the magnet 240 and the ferromagnetic
backstop 250 do not allow the free end 220 of the bimetal 200 to travel towards the
stop 420 immediately. Therefore, the bimetal element 200 remains in a stationary
position and stores the energy generated by its tendency to uncoil.

Finally, the energy stored in the bimetal element 200 is sufficient to
overcome the attractive forces between the magnet 240 and the ferromagnetic
backstop 250. At this point, the free end 220 of the bimetal element 200 causes the
magnet 240 to move rapidly towards the stop 420 in the direction D because of the
force of the bimetal element 200 and the attractive force between the magnet 240
and the ferromagnetic armature 410. At nearly the same time, the attractive forces
of the magnet 240 cause the ferromagnetic armature 410 of the electro-mechanical
switch 300 to move rapidly towards the stop 420 in the direction C, thereby causing
the lever 310 of the switch 300 to undergo an enhanced first snap action. This is
illustrated in Figure 14.

Referring now to Figure 14, when the magnet 240 and the armature
410 undergo the enhanced snap action, this in turn causes the switch 300 to undergo
a second snap action, thereby causing the apparatus 400’ to transition from the first
operating state to the second operating state.

As the temperature of the environment surrounding the bimetal
element 200 changes once again, the free end 220 of the bimetal element 200
attempts to move in the direction D'. However, because of the attractive forces
between the magnet 240 and the ferromagnetic armature 410, the free end 220 is

unable to move in the direction D', but instead the bimetal element 200 stores the
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energy. When enough energy is stored in the binfetal €leriiefit ZU0U 10 cause the
magnet 240 to move away from the armature 410, the magnet 240 is moved in the
direction D', and a speed of this movement is increased due to the aftractive forces
between the magnet 240 and the ferromagnetic backstop 250. At nearly the same
instant, the armature 410 moves back in the direction C', causing the switching
apparatus 400' to transition from the second operating state back to the first
operating state.

In this manner, the ferromagnetic backstop 250 may provide an
enhanced snap action for the bimetal element 200 and the ferromagnetic armature
410, which may be advantageous to increase the rate at which the switch transitions
from the first operating state to the second operating state. In addition, the
ferromagnetic backstop 250 may allow for a wider range of electro-mechanical
switches to be used. For example, an electro-mechanical switch having a lower

operating force may be used.

VI. Alternative Embodiments

Many modifications can be made to the example disclosed herein.
For example, in the examples provided, the switching apparatus is shown as part of a
thermostat. However, the switching apparatus has many other applications besides
thermostats in which a rapid succession of snap actions would be desirable.

For example, the construction and/or configuration of the thermostat,
and specifically the bimetal element, can be modified. In one alternative
embodiment, the bimetal element is configured to cause the magnet to approach the
armature as the temperature surrounding the bimetal element increases and to cause
the magnet to move away from the armature as the temperature decreases. Other
modifications are possible.

For example, the bimetal element could be replaced with a floating
device coupled to the magnet 240. The floating device could be positioned within a
container that holds liquid so that the floating device floats on a surface of the liquid
and rises as the amount of liquid in the container increases. When the floating
device reaches a given height in the container, the attractive forces between the

magnet and the ferromagnetic armature of an electro-mechanical switch may be
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10

sufficient so that the magnet actuates the switch By a‘stiap-actioii. The §Witch could,
in turn, undergo a second snap action to transition from a first operating state to a
second operating state. This type of arrangement may be used, for example, as a
liquid-level indicator or to turn on/off a flow of the liquid when the amount of liquid
in the container has reached a certain height.

The present invention should not be considered limited to the
particular examples or materials described above, but rather should be understood to
cover all aspect of the invention as fairly set out in the attached claims. Various
modifications, equivalent processes, as well as numerous structures to which the
present invention may be applicable will be readily apparent to those of skill in the
art to which the present invention is directed upon review of the instant

specification.
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WHAT IS CLAIMED IS:
1. A control device comprising:

a ferromagnetic armature configured to move between a first position and a
second position, the ferromagnetic armature being biased in the first position;

an energy-storing member positioned adjacent the ferromagnetic armature,
the energy-storing member being configured to move between an attracting position
and a non-attracting position based on a temperature of an environment surrounding
the energy-storing member;

a magnet coupled to the energy-storing member; and

a ferromagnetic backstop;

wherein, when the energy-storing member is in the non-attracting position,
the magnet is positioned adjacent the ferromagnetic backstop and the ferromagnetic
backstop holds the magnet and the energy-storing member in the non-attracting
position;

wherein, when the temperature of the environment changes by an actuating
amount, the energy-storing member generates a force sufficient to snap from the
non-attracting position to the attracting position; and

wherein, when the energy-storing member snaps from the non-attracting to
the attracting position, the armature is caused to snap from the first position to the
second position, thereby causing the device to transition from a first operating state

to a second operating state.

2. The device of claim 1, further comprising a stop positioned between the

ferromagnetic armature and the magnet.

3. The device of claim 2, wherein the stop includes a first surface configured to
engage the ferromagnetic armature and a second surface configured to engage the

magnet.

4. The device of claim 1, further comprising a switch coupled to the
ferromagnetic armature and configured to move between an open position, when the

armature is in the first position, and a closed position, when the armature moves to
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the second position, and thereby actuates a plutiget that calis€s the switCh to snap

from the open position to the closed position.

5. The device of claim 1, wherein the energy-storing member is a bimetal
element.
6. A control device comprising:

a switch including a ferromagnetic armature configured to move between a
first position, wherein the armature is biased in the first position, and a second
position, wherein in the second position the armature actuates a plunger that causes
the switch to snap from an open position to a closed position; and

an energy-storing member positioned adjacent the ferromagnetic armature,
the energy-storing member including a magnet and being configured to move the
magnet between an attracting position and a non-attracting position based on a
temperature of an environment surrounding the energy-storing member;

wherein, when the energy-storing member positions the magnet in the
attracting position, the magnet causes the armature to snap from the first position to
the second position, thereby actuating the plunger and causing the switch to snap

from an open position to a closed position.

7. The device of claim 6, wherein the switch further includes a spring that is

actuated by the plunger to snap from the open position to the closed position.

8. The device of claim 7, wherein the switch further includes a first contact and
a second contact, and wherein the spring is configured to contact the first contact
when in the open position and snap to contact the second contact when in the closed

position.

0. The device of claim 6, further comprising a stop positioned between the

ferromagnetic armature and the magnet coupled to the energy-storing member.
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10.  The device of claim 9, wherein the stop‘intludes aiist ‘suitate €oiifigured to
engage the ferromagnetic armature and a second surface configured to engage the

magnet.

11. The device of claim 10, wherein the first surface is positioned to control an

amount of travel of the ferromagnetic armature.

12.  The device of claim 9, wherein the stop is configured to provide a minimum

distance between the magnet and the ferromagnetic armature.

13.  The device of claim 6, wherein the energy-storing member is a bimetal

element.

14.  The device of claim 6, wherein the switch includes a switch spring rate and
the energy-storing member includes a member spring rate, and wherein the switch
spring rate and the member spring rate are configured so that an attracting force
sufficient to cause the energy-storing member to snap from the non-attracting to the
attracting position is achieved prior to an actuation force sufficient to cause the

switch to snap from the open position to the closed position.

15.  The device of claim 6, wherein the device is configured so that the switch

and the energy-storing member act in series.

16.  The device of claim 15, wherein the device is configured such that a device
spring rate is a combination of a switch spring rate of the switch and an energy-
storing spring rate of the energy-storing member and wherein the switch snaps from
the open position to the closed position when a slope of an attracting force of the

magnet exceeds a slope of the device spring rate.

17. A switching apparatus for a thermostat comprising:
a switch including a lever coupled to a ferromagnetic armature configured to

move between a first position, wherein the armature is biased in the first position,
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and a second position, wherein in the second pésitrorf the ‘atrature actuates a
plunger that causes the switch to snap from an open position to a closed position;

a bimetal member positioned adjacent the ferromagnetic armature, the
bimetal member being configured to move between an attracting position and a non-
attracting position based on a temperature of an environment surrounding the
bimetal member; ‘

a magnet mounted on a free end of the bimetal member;

a stop positioned between the ferromagnetic armature and the magnet, the
stop including a first surface configured to engage the ferromagnetic armature and a
second surface configured to engage the magnet, wherein the first surface is
positioned to control an amount of travel of the ferromagnetic armature, and wherein
the stop is configured to provide a minimum distance between the magnet and the
ferromagnetic armature; and

a ferromagnetic backstop;

wherein, when the bimetal member is in the non-attracting position, the
magnet is positioned adjacent the ferromagnetic backstop and the ferromagnetic
backstop holds the magnet and the bimetal member in the non-attracting position;

wherein, when the temperature of the environment changes by an actuating
amount, the bimetal member generates a force sufficient to snap from the non-
attracting position to the attracting position; and

wherein, when the bimetal member snaps from the non-attracting to the
attracting position, the armature is caused to snap from the first position to the
second position, thereby actuating the plunger and causing the device to transition

from the open position to the closed position.

18. A method for switching a thermostat from a first state to a second state, the
method comprising:

providing a switch including a ferromagnetic armature, the ferromagnetic
armature having a first position in which the switch is in a closed position, and a
second position in which the switch is in an open position;

positioning a free end of a bimetal member including a magnet adjacent to

the ferromagnetic armature;
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allowing the bimetal member and magniet to hove-towards-ahd attract thie
ferrorﬁagnetic armature as a temperature of an environment surrounding the bimetal
member changes, the magnet causing the ferromagnetic armature to snap from the
first position to the second position towards the magnet;

stopping the magnet prior to the magnet contacting the ferromagnetic
armature; and

allowing the switch to snap from the closed position to the open position

because of the snap of the ferromagnetic armature.

19.  The method of claim 18, further comprising providing a ferromagnetic
backstop to attract the magnet and limit movement of the bimetal element until the
bimetal element exerts sufficient energy to break free from the ferromagnetic

backstop.
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