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This invention relates to improvements in electric 
switches and more particularly to a magnet actuated 
switch. 
An object of this invention is a thermostatic switch 

having low operating force and high contact force. 
Another object of this invention is a thermostatic 

switch with means for simultaneously adjusting the oper 
ating force and the contact force. 
A further object of this invention is a thermostatic 

switch having means for varying temperature differential 
thereof in a manner to maintain a preselected relation 
ship between contact force and operating force. 

It is another object of this invention to adjust contact 
pressure between a pair of switch contacts by varying 
the force biasing the contacts to an open position. 

This invention has another object to maintain a high 
pressure between a pair of contacts by varying the mag 
netic force applied in opposition to a biasing force hold 
ing the contacts in an open position. 
A further object of this invention is to adjust pres 

sure between a pair of closed switch contacts by varying 
a tension force applied to one contact of the pair. 

This invention comprises an electric switch housing 
having mounted therein a pair of contacts, one of which 
is fixed and the other of which is movable between an 
open and a closed position therewith. A magnetic 
keeper is mounted on the movable contact and resilient 
means having a predetermined spring rate support same 
and bias the movable contact to the open position. A 
permanent magnet mounted on a condition responsive 
member having a predetermined spring rate which is less 
than the spring rate of the resilient means is movable 
exteriorly of the housing to vary the magnetic flux en 
-compassing the keeper. 
An increase in flux causes movement of the keeper in 

a manner to close the contacts with a snap action and 
a decrease in flux allows the resilient means to return the 
keeper to a normal position opening the contacts with a 
snap action. Movement of the permanent magnet is 
within adjustable limits and an adjusting member is 
operable thereon to vary simultaneously the magnetic 
attractive force between the permanent magnet and the 
magnetic keeper and the contact force between the pair 
of contacts in a manner to maintain a predetermined re 
lationship between these forces. 

Additional features and advantages will become ap 
parent from the following description of an embodiment 
of the invention taken in connection with the accom 
panying drawings, wherein: 

Fig. 1 is a front elevation view of a switch embodying 
the present invention with certain parts shown in section 
and illustrating the switch in an open position; and 

Fig. 2 is a side elevation view similar to Fig. 1 illus 
trating the switch in a closed position. 

Referring more particularly to the drawing, a gen 
erally l-shaped bracket member of non-ferrous conduct 
ing material is provided in the position shown with a 
vertically disposed portion 10 and a horizontally dis 

10 

5 

20 

25 

30 

35 

A10 

45 

2 
posed portion 12. A recess 14 is formed in one surface 
of the horizontal portion 12 and inserted therein is a cup 
shaped shell 16 of glass or plastic material. Shell 16 
is secured in recess 14 by any suitable means such as a 
bonding material 18 to form a hermetically sealed switch 
housing, the interior of which is indicated by reference 
numeral 20. 
A pair of switch contacts 22, 24 are disposed within 

the housing 20 and are operable between an open and a 
closed position to control an electric circuit. Contact 
22 is generally in the form of a rivet having an enlarged 
diameter head and a reduced diameter shank portion 26. 
Shank 26 is inserted into a suitable aperture centrally 
disposed in recess 14 and fixed therein in a conducting 
relationship by any suitable means such as by peening 
the outwardly extending portion of shank 26 over the 
surface of the horizontal portion 12 opposite the recess 
14. 

Contact 24 is disposed in housing 20 in opposed rela 
tion to fixed contact 22 and movable relative thereto in 
to and out of engagement therewith in a manner to be 
hereinafter described. Contact 24 which can be gen 
erally in the shape of a rivet with a shank portion 30 is 
mounted on one end of an S-shaped spring member 28 
made of conducting material and fixed thereto in a con 
ducting relationship by any suitable means, such as by 
peening the shank portion 30 over the surface of spring 
member 28 opposite the contact 24. Mounted upon con 
tact 24 is a movable keeper 32 consisting of a magnetic 
iron ring which movably fits within the confines of the 
housing 20 and which is provided with a centrally located 
aperture 34 adapted to receive shank portion 30. An 
electrical insulating material 35, which may be in the 
form of an insulating varnish, is applied to that surface 
of keeper 32 which makes engagement with recess 14 to 
prevent conduction of electric current through keeper 32. 
A Centrally disposed projection 36 integral with shell 

16 is bored and threaded to receive a threaded adjusting 
stud 38. One end of stud 38 extends into switch housing 
20 and attached thereto by any suitable means, such as 
a rivet 40, is the other end of spring 28. With the other 
end of spring 28 thus secured to the stud 38, the keeper 
32 and the contact 24 will be supported in some relative 
spaced position with respect to fixed contact 22 as deter 
mined by the resiliency of the spring 28 and the position 
of stud 38 in projection 36. 
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A lead wire 42 covered with an electrical insulating 
material 43 is secured to stud 38 on the end thereof ex 
tending outwardly of housing 20 by any suitable means, 
such as a soldered joint 44. Force fitted about the insu 
lating material 43 is a sleeve member 46 of any suitable 
material, such as flexible plastic, which is pulled down 
over stud 38 and secured to projection 36 by any suitable 
means, such as bonding material 48, to hermetically seal 
housing 20 at the point of entry of stud 38. 
The vertical portion 10 of the L-shaped bracket serves 

as a mounting bracket for the housing 20 and also as an 
electrical terminal to which is attached a lead wire 50 by 
any suitable means, such as a soldered joint 52. 

Exterior of the Switch housing 20 is a switch actuat 
ing member 54 which has one end fixed to any suitable 
Support or casing, not shown. While member 54 may 
be the actuating member of any condition responsive de 
vice, it is shown as a flat bimetal strip whose free end 
moves in response to temperature variations as is well 
known in the art. Member 54 has a spring rate which 
is less than the spring rate of spring 28. Spring rate, 
as herein used, is the elastic force stored in a spring by 
physical deflection of the spring a unit distance and is 
considered to be a straight line function. A permanent 
magnet 56 is rigidly secured to bimetal strip 54 adjacent 
its free end and positioned in proximity to and in align 
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ment with housing 20. An adjusting screw 58 threadedly 
extends through bimetal strip 54 and the center of magnet 
56 and has an abutting end 60 engageable with the peened 
portion of shank. 26. An electrical insulating material 
(not shown), which may be in the form of an insulating 
varnish, is applied to either the peened over portion of 
shank 26 or the abutting end 60 of screw 58 to prevent 
conduction of electric current therebetween. 
The housing 20 and the actuating member 54 are sep 

arately fixed within any conventional casing (not shown) 
in such relative positions that the adjusting screw. 58 is 
in alignment with the shank 26. . With the switch in the 
open position (Fig. 1), the movable contact 24 is sup 
ported in a spaced open relation to the fixed-contact 22 
by spring 28. The magnetic keeper 32 being mounted on 
movable contact 24 is also supported by spring 28 to some 
relative position with respect to fixed contact 22 as-deter 
mined by the bias of spring 28. 
The operation of the switch in the embodiment dis 

closed is responsive to temperature changes so that as 
temperature varies in one direction, the bimetal actuating 
member 54 causes movement of the magnet 56 toward the 
fixed housing 20. As a consequence, the magnetic field of 
magnet 56 permeates the magnet keeper 32 and the closer 
the magnet 56 moves toward the housing 20, the greater 
the amount of magnetic flux induced in keeper 32. The 
magnetic attractive force between magnet 56 and keeper 
32 increases exponentially as the distance between magnet 
56 and keeper 32 decreases. At a point (the snap point 
of bimetal 54) where the magnetic attractive force be 
tween magnet 56 and keeper 32 increases at a greater 
rate than the spring rate of bimetal 54, the magnet 56 
will snap in toward the keeper 32, its movement being 
limited by engagement of abutting end 60 and shank 26. 
As the magnet 56 snaps in, the magnetic attractive 

force between magnet 56 and keeper 32 increases at a 
greater rate than the spring rate of spring 28 causing 
keeper 32 to snap in toward magnet 56 causing engage 
ment of contact 24 with contact 22, as illustrated in Fig. 
2, to close an external electrical circuit therebetween. 
It should be noted that even though the temperature 
variation is a gradual change resulting in a gradual in 
crease in the magnetic attractive force between magnet 56 
and keeper 32, the final movement of magnet 56 and 
keeper 32 is accompanied with a snap action due to the 
final deflection of bimetal 54 and the final tensioning of 
S-shaped spring 28. 

In order to prevent arcing across contacts 24, 22 when 
contact 24 is approaching closure to contact 22, it is 
necessary that the spring rate of spring 28 be sufficiently 
high to prevent the contact 24 from approaching closer 
than a certain minimum distance to contact 22 before 
magnet 56 snaps. - 

It should be noted that when keeper 32 is actuated to 
close contacts 22 and 24, spring 28 is deformed from 
its normal position to that shown in Fig. 2 and it exerts a 
force in opposition to the magnetic attractive force be 
tween keeper 32 and magnet 56. The difference between 
the magnetic attractive force acting between keeper 32 
and magnet 56 and the retractive or, tension force of 
Spring 28 acting on keeper 32 will determine the contact 
pressure or contact force acting upon contacts 22 and 24 
when they are in their closed position. 
An operating force is generated by bimetal 54 in re 

sponse to temperature change. When contacts 22 and 24. 
are in an open position, magnet 56 moves freely in re 
sponse to temperature change of bimetal 54 and during 
this time the spring force stored in bimetal 54 is always 
equal to the magnetic attractive force between magnet 56 
and keeper 32. This relationship between spring force 
stored in bimetal 54 and the magnetic attractive force 
between magnet 56 and keeper 32 exists until the snap 
point of bimetal 54 is reached at some predetermined tem 
perature. When the snap point of binmetal 54 is reached, 
it is caused to deflect and the spring force therein builds up 
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to a maximum value and acts in opposition to the mag 
netic attractive force between magnet 56 and keeper 32. 
The difference between spring force stored in bimetal 54 
and the magnetic attractive force between magnet 56 and 
keeper 32 is equal to the operating force which must be 
generated by temperature change in bimetal 54 to open 
contacts 22 and 24 and determines the force of engage 
ment between abutting end 60 and shank 26. 
When the temperature varies in the opposite direction, 

bimetal 54 will exert an operating force on magnet 56 
which aids the spring force stored therein. When the 
sum of the operating force and the stored spring force 
equals the magnetic attractive force between magnet 56 
and keeper 32, the snap point of bimetal 54 will be 
reached and magnet 56 will snap away from housing 20. 
The magnet attractive force between magnet 56 and keeper 
32 will decrease and spring 28 will snap keeper 32 away 
from contact 24 opening contacts 22 and 24 with a snap 
action. - 

As is well known in the art, a high contact pressure 
between switch contacts is important to switch life and 
in particular to contact life for it eliminates burning and 
poor conductivity which is present when there is insuffi 
cient contact pressure. It is also well known in the art 
that a bimetal is a relatively weak operator. In order 
to have an effective and efficient switch utilizing switch 
contacts operable by a bimetal operator, low operating 
force is desirable and yet high contact force is also de 
sirable. 
With the arrangement of contacts and bimetal as dis 

closed herein, the relationship of high contact pressure 
and low operating force can be achieved and always pre 
served because of the relative spring rates of spring 28 and 
bimetal 54. The biasing action due to the physical bend 
ing or deflection of bimetal 54 by the magnet 56 at its 
snap point operates to reduce the pressure between mag 
net 56 and stud 26 whereas the biasing action of spring 
28 due to physical tensioning or deflection at its snap 
point operates to reduce the pressure between contacts 22 
and 24. The magnetic attractive force:acting upon magnet 
56 and keeper 32 is the same when contacts 22 and 24 
are in a closed position and since spring 28 has a high 
spring rate and bimetal 54 has a relatively low Spring 
rate, bimetal 54. will always exert more force on magnet 
56 than spring 23 will exert on keeper 32 and movable 
contact 24. Thus, high. contact force will exist between 
contacts 22 and 24 and a low operating force generated 
by temperature change on bimetal:54 will cause switch 
actuation. 
Operating force determines the extent of variation in 

temperature required to operate...the switch, or in more 
common terms, the-sensitivity or temperature differential 
of the thermostat. Adjusting member 58 is provided 
for the purpose of adjusting operating force by adjust 
ing the proximate position of magnet-56 with respect to 
housing 20. When contacts 22 and 24 are in a closed 
position, a small displacement of magnet 56 will cause 
a large change in magnetic attraction between magnet 
56 and keeper 32 whereas the springs force stored in 
bimetal 54 will be virtually uneffected because of its 

The operating force of this switch can be thus ad 
justed by member 58 to cause switch actuation in re 
sponse to infinitesimal temperature change on bimetal 
54. Since any adjustment in the proximity of magnet 
56 to housing 20 effects the magnetic attractive force 
acting between keeper 32 and magnet 56 in the same 
manner and in the same amount without effecting the 
spring rate of spring 28 or bimetal 54, any adjusting 
in the proximity of magnet. 56 to the housing 20 will 
also vary the contact force between contacts. 22, and 24. 
It is important to note that any adjustment in member 
58 will preserve the essential relationship of high con 

75 tact force and low operating force at all times. Thus, 
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by limiting the range of possible adjustment of member 
58, contact force and operating force can be kept within 
the bounds desired to provide a simple, efficient, and 
effective switch. 
Threaded stud 38 can be adjusted to vary the contact 

pressure between contacts 22 and 24 by varying the 
force that spring 28 will exert in opposition to the mag 
netic attractive force between keeper 32 and magnet 
56. Movement of contact 24 away from contact 22 
by stud 38 results in a greater deformation of spring 28 
when keeper 32 is actuated to close contacts 22 and 24. 
This greater deformation of spring 28 will decrease the 
contact pressure between contacts 22 and 24. Con 
versely, as contact 24 is moved closer to contact 22 by 
stud 38, the deformation of spring 28 will be less and 
contact pressure between contacts 22 and 24 will in 
crease. A desirable preselected contact pressure can 
thus be established during manufacture of this switch 
and if desired, stud 38 can also be used to compensate 
for wear to the contacts during usage of the switch 
thereby providing for long switch and contact life. 
Another feature of this switch is that the S-shape of 

spring 28 causes near parallel movement of the keeper 
32 with respect to the fixed contact 22. This near par 
allel movement permits contact 24 to wipe across con 
tact 22 when the contacts are being moved into their 
open or closed positions reducing any tendency of con 
tact 24 to bounce on contact 22 and maintaining the 
contacting surfaces of contacts 22 and 24 in a condition 
to provide for excellent electrical conductivity there 
between. Wear and tear on contacts 22 and 24 is 
further reduced by the relationship of the supporting 
spring rates of bimetal 54 and spring 28. Contact pres 
sure is always maintained at a high value and never 
drops to zero except momentarily when contact 24 is 
being moved between open and closed position with 
respect to contact 22. 
Only one embodiment of the invention has been 

shown and described herein and inasmuch as this in 
vention is subject to many variations and modifications 
and reversals of parts, it is intended that all matter con 
tained in the above description shall be interpreted as 
illustrative and not in a limiting sense. 

I claim: 
1. In an electric switch, the combination comprising 

a pair of contacts disposed in opposed relation, resilient 
means mounting one of said contacts biasing same to 
an open position, first magnetic means mounted on said 
one contact, second magnetic means mounted adjacent 
said first magnetic means on a condition responsive actu 
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between said first magnetic means and said second mag 
netic means, said second magnetic means being first at 
tracted upon a decrease of the distance causing attrac 
tion of said first magnetic means and movement of said 
one contact to a closed position, said first magnetic 
means being released upon an increase of the distance 
to allow said one contact to be moved to the open posi 
tion by the bias of said resilient means, and means on 
said magnetic means adjustable to vary the distance 
through which said actuating means must move to cause 
operation of said contacts between the open and closed 
positions and to vary the contact force between said 
contacts. 

3. In an electric switch, the combination comprising a 
housing, a pair of contacts disposed in said housing in 
opposed relation, a spring mounting one of said contacts 
biasing same to an open position, a magnetic keeper 
mounted on said one contact, magnetic means positioned 
exterior to said housing and adjacent said magnetic 
keeper on a condition responsive actuating member and 
adapted to cooperate with said magnetic keeper, said 
actuating member being operable in response to con 
dition changes to vary the distance between said magnetic 
keeper and said magnetic means said magnetic means 
being first attracted toward said magnetic keeper upon 
a decrease of the distance causing attraction of said mag 
netic keeper and movement of said one contact to a closed 
position, said magnetic keeper being released upon an 
increase of the distance to allow the said one contact 
to be moved to the said open position by the bias of 
said spring, and single means on said actuator for ad 
justing simultaneously the magnetic attractive force be 
tween said magnetic keeper and said magnetic means 
and the contact pressure between said contacts. 

4. In an electric switch, the combination comprising a 
housing, a pair of contacts disposed in said housing in 
opposed relation, spring means having a predetermined 
spring rate mounting one of said contacts biasing same 
to an open position, a magnetic member mounted on said 
one contact, magnetic means mounted exterior to said 
housing and adjacent said magnetic member on a bi 
metal element and adapted to cooperate with same, said 
bimetal element having a predetermined spring rate which 
is less than the predetermined spring rate of said spring 
means and operable in response to temperature changes 
to vary the distance between said magnetic member and 
said magnetic means, said magnetic member being at 

50 
ating member and adapted to cooperate with same, said 
actuating member being operable in response to condi 
tion changes to vary the distance between said first mag 
netic means and said second magnetic means, said second 
magnetic means being first attracted upon a decrease of 
the distance causing attraction of said first magnetic 
means and movement of said one contact to a closed posi 
tion, said first magnetic means being released upon an 
increase of the distance to allow the said one contact to 
be moved to the open position by the bias of said resilient 
means, and means on said actuating member for vary 
ing the operating force of the switch and the contact 
force between said contacts in a manner to maintain a 
preselected relationship between the forces. 

2. In an electric switch, the combination comprising 
a fixed contact, a movable contact disposed in an opposed 
relation to said fixed contact and operable with relation 
to said fixed contact between an open and a closed posi 
tion, resilient means mounting said movable contact bias 
ing same to the open position, first magnetic means 
mounted on said movable contact, second magnetic 
means mounted adjacent said first magnetic means on a 
condition responsive actuating member and adapted to 
cooperate with same, said actuating member being oper 
able in response to condition changes to vary the distance 
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tracted toward said magnetic means upon a decrease 
of the distance causing movement of said one contact to 
a closed position and said magnetic member being re 
leased upon an increase of the distance to allow said 
one contact to be moved to the said open position by 
the bias of said spring means, and single means on said 
magnetic means for adjusting simultaneously the tem 
perature differential between the open and closed po 
sitions of said contacts and the contact force between 
said contacts. 

5. In an electric switch, the combination comprising a 
pair of contacts disposed in opposed relation, resilient 
means having a predetermined spring rate mounting one 
of Said contacts biasing same to an open position, ad 
justing means mounting said resilient means and operable 
thereon to vary the contact pressure between said con 
tacts, a magnetic keeper mounted on said one contact, 
magnetic means mounted adjacent said magnetic keeper 
on a condition responsive actuating member and adapted 
to cooperate with same, said actuating member having a 
predetermined spring rate substantially less than the 
predetermined spring rate of said resilient means and 
being operable in response to condition changes to vary 
the distance between said magnetic keeper and said mag 
netic means, said magnetic keeper being attracted upon 
a decrease of the distance to overcome the bias of said 
resilient means to move said one contact to a closed 
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position and being released upon an increase of the dis 
tance to allow said one contact to be moved to open 
position by the bias of said resilient means, and threaded 
means on said magnetic means to vary the distance be 
tween said magnetic means and said magnetic keeper 
independently of the movement of said condition re 
sponsive actuating member. . . . . 

6. In a thermostatic switch, the combination compris 
ing a cup-shaped shell of plastic material, a non-ferrous 
cover member of conducting material, said shell and 
said cover member hermetically sealed together to form 
a housing, a fixed contact mounted on said cover mem 
ber within said housing, a movable contact disposed in 
said housing. in opposed relation to said fixed contact 
and operable between a closed position therewith and a 
variable spaced position. relative thereto, an S-shaped 
spring of conducting material having one end connected 
to said movable contact to move same from said closed 
position to said variable spaced position, a threaded stud 
of conducting material connected to another end of said 
S-shaped spring and disposed in a threaded opening in 
said shell and adjustable therein to vary the spaced po 
sition of said movable contact relative to said fixed 
contact, a magnetic keeper mounted on said movable 
contact and movable therewith between positions and 
operable to move said movable contact to the said closed 
position, a permanent magnet positioned exterior to and 
adjacent said housing, a bimetal supporting said per 
manent magnet and movable in response to temperature 
variations to move said permanent magnet toward said 
housing causing attraction of said magnetic keeper to: 
move said movable contact to its closed position with 
said fixed contact with a snap action and away from 
said housing causing release of said keeper and move 
ment of said movable contact to its spaced position with 
a snap action under the bias of said S-shaped spring, 
and adjusting means on said permanent magnet for 
varying the magnetic attractive force between said per 
manent magnet and said keeper. 

7. In an electric switch, the combination comprising 
fixed contact means, movable contact means disposed in 
opposed relation to said fixed contact means, means 
operable to move said movable contact means into en 
gagement with said fixed contact means, means for bias 
ing said movable contact means away from engagement 
with said fixed contact means and including a resilient 
element carrying said movable contact, means, and ad 
justable means for supporting said resilient element and 
being operable to position said movable contact means 
relative to said fixed contact means to vary the deforma 
tion of said element upon contact engagement and there 
by vary the contact, pressure between said fixed contact 
means and said movable contact means. 

8. In a Switch, the combination comprising a housing, 
a fixed contact means disposed in said housing, a mov 
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able contact means disposed in said housing in opposed 
relation to said fixed contact means, a magnetic keeper 
mounted on said movable contact means, means includ ing adjusting means operable external to said housing 
for actuating said magiietic keeper to thereby move said 
movable contact means into engagement with said fixed 
contact means, means for biasing said movable contact 
means away from engagement with said fixed contact 
means and including a resilient element carrying said 
movable contact means, and adjustable means mount 
ing said resilient element and being operable to position 
said movable contact means relative to said fixed contact 
means to vary the deformation of said element after 
contact engagement and thereby to vary the contact 
pressure between said fixed contact means and said 
movable contact means. . - - - 

9. In a switch, the combination comprising a housing, 
a fixed contact disposed in said housing, a movable con 
tact disposed in said housing in opposed relation to said 
fixed contact, a magnetic element mounted on said mov 
able contact, means including adjusting means operable 
external to said housing for actuating said magnetic ele 
ment to thereby move said movable contact into en 
gagement with said fixed contact, a resilient S-shaped 
spring of conducting material biasing said movable con 
tact away from engagement with said fixed contact and 
effecting movement thereof to cause said movable contact 
to wipe across the surface of said fixed contact when 

30 

35 

40 

5 

moved into and out of engagement therewith, and a 
threaded stud threadedly adjustable in an opening in said 
housing mounting engaging said resilient means and op 
erable thereon to vary the contact pressure between said 
fixed contact and said movable contact. 

10. In a switch, the combination comprising a housing, 
a portion of the surface of which is an electrical ter 
minal, a fixed contact mounted within said housing on 
said electrical terminal portion thereof, a movable con 
tact disposed in opposed relation to said fixed contact 
and operable with relation to said fixed contact between 
a Spaced position and a closed position, a resilient con 
ducting spring mounting said movable contact and bias 
ing same for movement to said spaced position, a mag 
netically attractable keeper mounted on said movable 
contact and operable to move same to said closed posi 
tion, and a terminal stud engaging said resilient conduct ing spring and threadedly adjustable in an opening in said 
housing to vary said spaced position of said movable 
contact with respect to said fixed contact. 
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