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3,670,283 1. 
MOTOROVERLOAD PROTECTOR 
BACKGROUND OF THE INVENTION 

This invention relates generally to thermal responsive 
switching devices and more particularly to a novel and im 
proved thermostatic switch for use as a motor overload pro 
tector or the like. 

PRIOR ART 

Various types of thermal overload protection devices for 
electric motors are known. One type is mounted in or on the 
motor housing to sense the temperature of the motor com 
ponents and the current load of the motor. Such devices are 
connected in the power circuit of the motor so that the opera 
tion of the overload shuts the motor off before the tempera 
ture in the motor become high enough to cause damage or 
create a fire hazard. Examples of such prior art overload 
devices are illustrated in the U.S. Pat. No. 3,064,100, dated 
Nov. 13, 1962, and No. 3,288,967, dated Nov. 29, 1966. The 
former of these patents illustrates an automatic reset-type 
overload device, and the latter patent illustrates a manual 
reset-type device which remains open until it is manually 
TeSet. 

Both of these illustrated devices provide a switch which in 
cludes a fixed contact and a cantilever mounted bimetallic 
snap arm shaped to move with snap action. A mobile contact 
is mounted on the free end of the snap arm and is carried into 
and out of engagement with the fixed contact when the 
bimetal reaches its operating temperature. 
The automatic reset-type motor protector is intended to 

protect the motor under two substantially different types of 
overload conditions. In one condition, the motor is running, 
but the running conditions are such that the operating tem 
peratures in the motor reach undesirable values. In this condi 
tion, the overload protector senses high current or high motor 
temperatures or combinations of both and shuts the motor off. 
After the temperature in the motor drops to predetermined 
safe levels, the protector recloses and the motor restarts. The 
other overload condition is known as a locked rotor condition 
and occurs when the motor rotor does not start to rotate. 
Under locked rotor conditions the motor current is very high, 
usually many times the normal running current of the motor. 
In this instance, the overload protector operates primarily as a 
current sensing device and shuts the motor off before damag 
ing motor temperatures are reached. Here again the protector 
of the automatic type recloses after the protector cools. The 
on-off time of the protector is arranged to prevent damaging 
or hazardous motor temperatures from being reached. 

In practice, the automatic protector must be capable of 
withstanding a large number of on-off cycles, which can occur 
over an extended period of time under locked rotor condi 
tions, even though the protector is operating to open and close 
under high current conditions. 
Many of the prior art automatic overload protectors have 

failed under cycling conditions either because the contacts 
deteriorate and fail to function, or because the bimetal cracks 
or breaks. 

SUMMARY OF THE INVENTION 

The present invention has several important aspects. In ac 
cordance with one aspect of this invention, a device incor 
porating the invention is capable of operating through greater 
numbers of cycles when compared to similar prior art devices 
without failure of either of the contacts or the bimetal arm. In 
the illustrated overload device, the cantilever mounted 
bimetal switch arm is arranged so that the movement of the 
mobile contact between the open and close position is small 
when compared to similar prior art overload devices, and the 
arm is not subjected to as much strain. Consequently, the ten 
dency of the bimetal to crack or break is materially reduced. 
The structure is also arranged to insure that the contacts do 

not creep, either open or close, but rather move with snap ac 
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2 
arranged so that substantial amounts of kinetic energy are 
available to break the contacts apart in the event that contact welding occurs. 

in accordance with another aspect of this invention, adjust 
ing means are provided to "pull-in' the snap element so that 
the device operates at a desired predetermined operating tem 
perature, Consequently, manufacturing variations do not 
cause variations in operating temperatures between similar 
units. In the illustrated device the snap element is shaped so 
that the upper operating temperature, at which the snap ele 
ment would operate if free of restraint, is reduced by the ad 
justing screw to the predetermined operating temperature 
desired. This insures that all units open at the same operating 
temperature, and further insures that the contacts will open with snap action. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of an automatic motor overload pro 
tector incorporating this invention; 

FIG. 2 is a plan view similar to FIG. 1 with the cover 
removed to illustrate the switch mechanism; 

FIG. 3 is an enlarged cross section taken along 3-3 of FIG. 
2 illustrating the switch mechanism in the contact closed con dition; 

FIG. 3a is a view partially in longitudinal section of the 
bimetallic snap arm illustrating the arm in the various position 
it would assume if it were unrestrained in its movement; 

FIG. 4 is an enlarged view similar to FIG. 3 illustrating the 
position of the elements immediately before opening under a 
condition in which contact welding or the like resists contact separation; and 

FIG. 5 is a view similar to FIGS. 3 and 4 illustrating the 
switch mechanism in the open position. 

DETALED DESCRIPTION OF THE DRAWINGS 
Referring to the drawings the overload switching device 10 

includes a two-piece body consisting of a base member 11 and 
a cover member 12. A pair of terminal assemblies 13 and 14 
are secured to the body 11 by pairs of rivets 16 and 17, respec tively. 
The terminal assembly 13 includes a cross plate 18, a 

bimetallic snap element 19, and a weld plate 21 which are 
welded together at 22. The bimetallic snap element 19 is elon 
gated and is cantilever mounted at one end between the two 
plates 18 and 21 and is provided with a mobile contact 23 at 
its other end. The central portion of the snap element 19 is 
bumped to a shallow dished shape at 24 to provide the bimetal 
with a snap disc characteristic. 
The terminal assembly 14 is a two-piece assembly including 

the main terminal member and a fixed contact 26 supported 
thereon. The main terminal member includes a terminal por 
tion 27 connected to one end of a serpentine heater portion 
28. The heater portion 28 is connected at its other end to a 
contact support portion 29. The various elements are propor 
tioned so that the operation of the snap element 19 causes the 
mobile contacts 23 to move in and out of engagement with the 
fixed or stationary contact 26, When the contacts are closed, a 
circuit is provided connecting the cross plate 18 to the ter 
minal portion 27 through the bimetallic snap element 19 and 
the serpentine heater 28. When the contacts separate, how 
ever, such connection is broken. 

In some overload devices of this type, the heater 28 is 
eliminated and the fixed contact 26 is mounted directly to a 
cross portion of the terminal 14. Such overload devices, 
without an internal heater, are generally used on larger motors 
where current sensitivity need not be as great. Even in such 
devices without heaters, heating of the bimetal occurs due to 
the current flow therethrough. However, in the illustrated em 
bodiment wherein the heater 28 is provided, the temperature 
of the bimetal is a function of the heat generated by the flow of 
current through the bimetal and the heater 28, as well as the tion both in opening and closing. Still further, the structure is 75 environmental temperature. 
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FIG. 3a illustrates the manner in which the bimetallic snap 
element snaps in the free state in which its travel is not limited. 
The full line position is one snap position, and is the position 
of the snap element immediately prior to snapping in the up 
ward direction. When the temperature is increasing and the 
snap temperature is reached, the element moves with snap ac 
tion from the full line position. A to the phantom position B. 
Such free snap temperature is determined by the shape 
formed in the disc portion during manufacture. 

If the temperature of the bimetal continues to increase, the 
free snap element moves to higher positions than the phantom 
position B. However, on decreasing temperature from the 
upper snap temperature, the snap element slowly moves with 
creep-type movement until the second free snap position at C 
is reached when the bimetal reaches the lower operating tem 
perature. Snap action then occurs to the phantom position D 
which is beyond the free snap position at A. If the bimetal tem 
perature decreased further, the element moves downward 
beyond the position D, but as the bimetal again starts to in 
crease in temperature, it moves with creep action back to the 
first free snap position at A. 
Because the movement in the range between the two free 

snap positions A and C is the only zone of movement which is 
snap-type movement in both directions, the device is con 
sidered to have a snap range equal to the spacing between 
positions A and C. This free snap range in the illustrated 
device is in the order of 0.050 inches. The zones between B 
and C and between A and B are zones of overtravel and, in the 
illustrated unit, this movement is in the order of 0.00 inches. 

In the illustrated device, the snap element is mounted so as 
to eliminate all of the overtravel between A and D and most of 
the overtravel between C and B. Further, the device is 
mounted so that most of the snap range is eliminated. Con 
sequently, the stresses on the bimetal created during snap 
movement are materially reduced and fatigue, cracking or 
breaking of the bimetal material is virtually eliminated. 

Referring to FIG.3 maximum range of movement of the 
mobile contact end of the snap element is between the posi 
tion of FIG. 3 wherein the mobile contact engages the fixed 
contact 26 and the position of FIG. 5 wherein the upper side 
of the snap element engages a body stop 31 formed in the 
cover 12. This range of movement, in the illustrated device, is 
in the order of 0.020 inches which is a distance which is sub 
stantially less than the free snap range of the element. 
Mounted in the cover 12 above the center of the snap disc 

portion 24 is an adjusting screw 32 positioned to engage the 
center portion of the disc 24 and limit upward movement 
thereof to a position determined by the adjusted position of 
the screw. The base 11 is formed with a center post providing 
a stop surface 33 aligned with the screw 32 and positioned for 
engagement with the center portion of the disc in the manner 
described in detail below. The surface 33, however, is spaced 
from the bimetal when the switch is closed and the bimetal en 
gages the screw 22. 
The bimetal element is formed with a shallow lateral bend at 

34 immediately inward from the mobile contact 23. This bend 
34 provides stiffening of the bimetal at the free end zone and 
strengthens the bimetal in the zone to prevent fatigue failures 
in the free end portion. The mounting end of the snap element 
is also bent downward at 36 by a laterally extending bend, as 
best illustrated in FIG. 3a, to bias the mobile contact 23 
toward the fixed contact 26. 
The various elements are proportioned so that the first in 

stalled or opening snap position is determined by the location 
of the fixed contact 26 and is above and substantially spaced 
from the corresponding free snap position A of FIG. 3a. 
Similarly, the other installed or closing snap position is deter 
mined by the location of the stop surface 33 and is also above 
the corresponding free snap position C. 

Preferably, the structure is arranged so that the free end of 
the snap element creeps away from the stop 31 slightly while 
remaining in contact with the stop surface 33 as the snap ele 
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4. 
snap position. With such a structure, the disc is not pulled-in 
on closing and the closing temperature is substantially the 
same as the corresponding free temperature formed in the 
snap element. 
On the other hand, the opening operating temperature is 

changed by the pull-in of the screw 32 from the corresponding 
free operating temperature determined by the form of the 
disc. In practice, the snap element is formed with a free 
operating temperature higher than the desired opening tem 
perature of the device and the screw 32 is adjusted to pull-in 
the disc and cause it to snap open at the desired calibration 
temperature. After calibration, the screw is covered by a plate 
35 to prevent change in calibration. With such a calibration 
screw, accuracy of the opening temperature, the most impor 
tant temperature in the device, is obtained without requiring 
extremely close manufacturing tolerances, 
The operation of the switch can best be understood by 

referring to FIGS. 3, 4, and 5. Assuming that the switch is 
closed and the temperature of the bimetal is increasing, the 
elements remain in the position of FIG.3 as the temperature 
increases until the calibrated upper operating temperature of 
the disc element is reached. As soon as the calibrated upper 
temperature is reached, the disc begins to snap toward the 
position of FIG. 5. During this snap movement, the center of 
snap portion 24 of the element moves through the central 
plane from its upward dished shape of FIG. 3 to its lower 
dished shape of FIG. 5. It is during this movement that the mo 
bile contact 23 snaps away from the fixed contact 26. 
The bend 36 produces a low rate spring force or biasing 

force tending to urge the mobile contact toward the fixed con 
tact. This biasing force resulting from the bend 36 tends to 
maintain the two contacts in engagement and tends to over 
come the inertia forces resulting from the acceleration of the 
snapping mass. Such biasing force, therefore, insures that the 
disc is in snap movement when the contacts open. Further, 
such biasing force tends to prevent contact bounce resulting 
from vibration as the calibrated operating temperature is ap 
proached. 

If contact welding has occurred to resist contact separation, 
the contacts may remain in engagement, as the snap action 
takes place. If the weld is sufficiently strong, a condition illus 
trated in FIG. 4 occurs in which the snap portion 24 engages 
the stop surface 33 before the contacts separate. Such a condi 
tion occurs before the snap action of the portion 24 is 
completed. Consequently, the kinetic energy of motion of the 
central portion 24 produces a high reactive force on the snap 
element at the instant the stop surface 33 is engaged. This 
reactive force is sufficient to break any welds which may exist 
and insures that the contact will open properly. The various 
elements then move to the position of FIG.S wherein the free 
end engages the body stop 31. The body stop 31 limits over 
travelin an upward direction. 

Reclosing of the switch on decreasing temperature occurs in 
the following manner. As the temperature of the disc drops 
and approaches the lower snap temperature, the disc moves 
with creep movement toward a closing snap position in which 
the free end is spaced slightly from the body stop 31. Sub 
sequently, the mobile contact 23 moves with snap action 
downwardly into engagement with a fixed contact 26 and the 
snap portion 24 returns to the position of FIG. 3 in engage 
ment with the calibration screw 32. 
With the present invention the overload device provides a 

relatively long trouble-free service life since fatigue failures in 
the bimetal are virtually eliminated because the strains applied 
to the bimetal are substantially reduced,and because the 
bimetal is strengthened by the bend 34 in the zone wherein 
failures tend to occur. Further, failure of the device created by 
contact welding or the like is virtually eliminated since the 
contacts open and close with snap action and since proper 
opening of the contacts occurs even under a contact weld con 
dition. Further, the operating temperature of the device is ac 

ment approaches its closing snap temperature and its closing 75 curately maintained by the calibration of the screw 32. 
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Although a preferred embodiment of this invention is illus 

trated, it is to be understood that various modifications and 
rearrangement of parts may be resorted to without departing 
from the scope of the invention disclosed and claimed herein, 
What is claimed is: 
1 An overload protector or the like comprising body means, 

a fixed contact mounted on said body means, elongated 
bimetallic snap means mounted at one end on said body 
means and providing a mobile contact adjacent its free end 
movable with snap action into and out of engagement with 
said fixed contact, said body means providing a first fixed stop 
surface engagable with said snap means intermediate its ends 
on the same side thereof as said fixed contact and a second 
fixed stop surface engagable with said snap means inter 
mediate its ends on the side thereof opposite said fixed con 
tact, said first stop surface and fixed contact being located so 
that said snap means engages said first stop surface when said 
contacts are separated and is spaced from said first stop sur 
face when said contacts are closed, said second stop surface 
and fixed contact being located so that said snap means en 
gages said second stop surface when said contacts are closed 
and is spaced from said second stop surface when said con 
tacts are open. 

2. An overload protector as set forth in claim 1 wherein said 
body means includes a body stop preventing substantially all 
overtravel of said snap means when said contacts open. 

3. An overload protector as set forth in claim 2 wherein said 
snap means are spaced from said body stop before said snap 
means to a contact closed position. 

4. An overload protector as set forth in claim 1 wherein said 
snap means are provided with stiffening means which 
strengthen said snap means adjacent to said mobile contact. 

5. An overload protector as set forth in claim 4 wherein said 
stiffening means is provided by a lateral bend in the bimetal 
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6 
adjacent to said mobile contact. 

6. An overload protector as set forth in claim 1 wherein said 
snap means is formed so that when its movement is un 
restrained it has first and second free snap positions and a 
predetermined snap range equal to the distance between said 
free snap positions, the location of said fixed contact deter 
mining one installed snap position and the location of said first 
stop surface substantially determining the other installed snap 
position, both of said installed snap positions being displaced 
from their corresponding free snap positions, said first stop 
surface and said fixed contact being located so that said snap 
means has an installed snap range which is equal to the 
distance between said installed snap positions and is substan 
tially less than said free snap range. 

7. An overload protector as set forth in claim 6 wherein said 
snap means is resiliently biased to maintain said snap means in 
engagement with said first stop surface when said snap means 
is in said other installed snap position. 

8. An overload protector as set forth in claim 1 wherein said 
second stop surface operates when said contacts are closed to 
apply force to said snap means intermediate its ends urging 
said snap means toward its contact closed position. 

9. An overload protector as set forth in claim 8 wherein said 
second stop surface is adjustable to control the opening tem 
perature of said snap means. 

10. An overload protector as set forth in claim 9 wherein 
said second stop surface is provided by a screw carried by said body means. 

11. An overload protector as set forth in claim 10 wherein 
said screw reduces the operating temperature of said snap 
means on opening of said contacts when compared to the cor 
responding operating temperature of said snap means when 
unrestrained in its movement. 
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