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1. 
The present invention relates to circuit 

breakers, and more particularly to that type 
which combines electric motor starting and 
overload protective means. While particularly 
adapted for use in connection with motors, the 
device Of the present invention is readily adapted 
to other electrical devices utilizing starting and 
Overload protective means. 

It is known in the art that a motor is designed 
to withstand a certain amount of overload for 
a limited period, and when this limit is reached 
it is necessary to open the circuit to avoid damage 
to the motor by overheating. However, it is 
equally important that means be provided which 
will allow the closing of the circuit, after the 
Overload occurs, with a minimum loss of time. 
Equally important is the ability of such a device 
to permit the motor to reach its maximum oper 
ating capacity without tripping out or opening 
the circuit prematurely. 
The present invention provides a new and im 

proved device of the type referred to above capa 
ble of being manufactured economically and ac 
Cording to Standard specifications and methods. 
Another object is to provide a device, the trip 

ping current of which never varies substantially 
Over prolonged periods of time. 
A further object is to provide, in a device of 

the type described, calibrating means which re 
quires mechanical adjustment of a single compo 
nent, thereby requiring an absolute minimum of 
Skill. 
Another object is to provide a device, the re 

Setting time of which, after tripping, is very 
rapid. 
Another object is to provide an improved de 

Vice of the type described in which the response 
to Overload conditions is based primarily on heat 
conduction to cause operation of the device. 
Other and further objects and advantages of 

the present invention will become apparent and 
the foregoing will be understood in relation to 
the following exemplification thereof, reference 
being had to the drawing in which: Figs. 1, 2 
and 3 are croSS Sectional side elevations of an 
electric overload switch embodying the improve 
ments of the present invention, said views de 
picting several operating positions of the device; 
Fig. 4 is a top view taken in section on the plane 
of the line 4-4 of Fig. 1; Fig. 5 is an end view 
in Cross-section on the plane of the line 5-5 of 
Fig. 3; Fig. 6 is a view of several elements of the 
device shown apart from the whole structure for 
purposes of more clearly pointing out certain 
Salient features thereof; and Fig. 7 is a chart 
for graphically illustrating other features of the 
present invention. 
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Referring now more articularly to the draw 

ing, in which like reference numerals refer to 
like elements of the device, there is illustrated 
an enclosure or cover 0 for Supporting thereon 
some of the elements of the present device. 
Preferably, this cover is composed of a Suitable 
molded plastic insulating material. The cover 
has molded therein two metal punchings , the 
punchings being adapted to accommodate Self 
tapping Screws. Other means for accomplishing 
the same arrangement can be used. The punch 
ings are provided for the purpose of attaching 
to the device an escutcheon plate (not ShoWn) or 
to provide means for supporting said device. 
Two push buttons 2 and 3, which may be 

composed of the same material as the cover 0 
are, preferably, of molded construction. These 
push buttons provide the means for actuat 
ing the Switching assembly to be described. In 
this particular embodiment, the push button 2 
is the 'starting and reset' button and the push 
button 3 the “stop' button. The lower portions 
of the two push buttons are of slightly reduced 
CrOSS Section and are arranged to slip into a pair 
of apertures in the top of the cover . The 
motion of these push buttons in a downward di 
rection is limited by a shoulder 6 on each of 
Said push buttons. Both buttons 2 and 3 are 
provided, respectively, at those ends extending 
Within the cover, with semi-circular extensions 
8 and 9 integral with one side of said push 
buttons, as illustrated in Fig. 5. The function 
of these extensions will be explained below. The 
aforementioned extensions 8 and 9, as shown 
in Fig. 5, are so arranged within the cover O 
that, With respect to the observer, the extension 
f8 is at the right-hand side of the drawing, or 
With respect to the Figs. 1, 2 and 3 the exten 
Sion 8 on the button f2 is toward the back of 
the cover O and the extension i9 on the button 
3 toward the front. 
The push buttons 2 and 3 are molded in the 

Same form but, as can be readily observed, it is 
Simply a matter of disposing these buttons in 
their proper relative positions to the other ele 
ments, thereby eliminating the necessity of mold 
ing two separate types of push buttons. Prefer 
ably, the starting-reset button is a red color and 
the stop button black. In the lower portion of 
each of the above-mentioned push buttons there 
is provided a pair of slots 7 disposed, on op 
posite sides, in a transverse position and at a 
Slight angle with respect to the length of said 
push buttons, these slots 7 being arranged to 
Seata, Spring member 4. 
The above-mentioned spring member, in turn, 

is supported on the inner side of the top portion 
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Of Said cover and held in place by a screw 5. 
AS illustrated in Fig. 4, the configuration of the 
Spring member 4 is made similar to a pair of 
armS in bent position, the ends 4A of Said arms 
being seated in the slots 7. The spring member 
preferably is made of Spring steel or like material. 
A base 2 is provided for supporting the main 

elements to be described. Preferably, this base 
is made of larminated insulating material and 
Serves to insulate the various elements fron each 
other. A plurality of metal brackets or supports 
22, 22 and 23, electrically insulated from each 
other, are riveted to the base 2. 
The bracket 2 is so fabricated that, a portion 

26 extends upwardly from the base 29, and a sec 
Ond portion 32 is bent to form a right angle to 
the portion 28. A flat Substantially L-shaped 
spring member 24, preferably composed of 
beryllium copper, is fastened to the portion 26 
and held rigidly in place by a flat rectangular 
Inetal member 2. This is done by having the 
shorter portion 25 of the Spring member 24 dis 
posed between the last-inentioted members 28 
and 27 and then welding the entire assembly to 
gether. Rigidity is given the longer portion of 
the spring member 24 by having substantially all 
of one edge 23 thereof bent at right angies to the 
main body of said longer portion. This turned 
edge extends, from the free end of the spring 
member, for Substantially the entire length of 
Said longer portion of the Spring except for a 
Short portion thereof adjacent the bend in said 
Spring. This short portion provides the resilience 
necessary for movement of the spring 24. 
Attached to the Spring 24, as by riveting, at a 

point Spaced froii) the end of said spring men 
ber, is a contact 3. Preferably, this contact is 
COiaposed of Silver. At the free end of the Spring 
member 24, and along the shorter edge thereof, a 
notch 29 (see Fig. 6) is provided for purposes of 
calibration as Will be explained further along. 
The spring 24 is provided with a rectangular notch 
4 cut out of the edge opposite the edge 28. This 
rectangular notch is SO disposed as to be in reg 
ister with the semi-circular extension 8. This 
relationship between the notch is and the extend 
ed portion 8 is arranged to provide a particular 
Operating Sequence that Will be explained below. 

Circuit opening means, in the event of an over 
load condition, is provided by a bimetallic mern 
ber 3 supported on the portion 32 of the bracket 
2?. The bimetallic member 3 extends from the 
portion 32 in a direction parallel to the spring 
member and is slightly longer than the Spring 
member 24. The length is determined by design 
considerations. As Supported, the bimetallic mem 
ber 3 has its main plane Surface at a right angle 
to the main plane Surface of the Spring member 
24. The unattached end of the bimetallic mem 
ber is bent at a slight angle as illustrated in Figs. 
5 and 6 to form a so-called latch or detent 33. 
In the close circuit position (see Fig. 6) the detent 
sits astride the free end of the spring meinber 24. 
The aforementioned spring member 24 is plated 

with a metal, the surface of which when oxidized 
provides a relatively low electrically conductive 
path to the flow of current. Aluminuin is one 
such metal and chromium is another. Prefer 
ably, the metal chronium is used in the present 
embodialent of this invention. The oxidation 
usually takes plage after the chronium plating 
has been applied to the Spring member 24. As 
long as the voltage drop at the point of contact 
is of a low order, for example, of the order of 
forty millivolts, the insulating effect of the oxide 

75 coating will remain substantially constant. 
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4. 
The use of chromium plating also provides a 

hard surface which substantially eliminates wear 
in the portion of the Spring 24 which is in contact 
With bimetallic member 3 at that end thereof 
which forms the detent 33. 
Another feature which results from the use of 

chronium plating on the spring member 24 is 
the Substantial elimination of the current shunt 
ing effect of the spring nenber when in the 
latched position above mentioned. This effect is 
Substantially reduced because of the oxidized 
layer on the chromium plating. In practice the 
Current shunting effect is reduced to substantially 
ae'O. 

In the process of fabricating the spring mem 
ber 24, the plating on said member is applied first 
and thereafter an aperture is punched in the 
Spring inember 24 to accommodate the contact 30. 
This procedure is necessary in order that the con 
ductivity between said spring member 24 and the 
Contact 3 remain unimpaired with respect to the 
fiOW of current therebetween. It can be readily 
appreciated that if the chromium plating were 
applied to the Spring raember after the aperture 
Was provided, that Said plating would adhere 
Within the aperture and result in insulating the 
Spring from the contact 3. 

Also a feature of the use of chromium plating 
when coabined with the notched arrangement 29 
is to provide, by these raeans, a simple calibrat 
ing procedure With respect to the tripping current, 
of the device of the present invention. In the 
practice of this particular art prior to the concep 
tion of the present improvement thereto, calibra 
tion of the tripping time of such a device was 
performed, by passing through same, a current 
Whose magnitude was the desired maximum for 
causing the device to trip or break the circuit for 
which it was intended to be used. This procedure 
was necessarily slow and relatively expensive. 
The present device is so designed as to provide 
a novel method for performing the necessary caii 
bration by means entirely mechanical and ex 
tremely simple. 
The notch 29 is disposed a predetermined dis 

8 tance from the edge of the spring adjacent the 
detent 33, as illustrated in Figs. 5 and 6. This 
distance is a function of the movement of the 
bimetallic strip 3 when it is subjected to self 
heat and the conducted heat of a member 38 at 
a predetermined temperature induced by circuit 
'Overload conditions. That is to say, the length 
of lateral movement (induced by the last 
entioned condition) of the bimetallic member 

3 across the Spring member 24 determines the 
position of the notch 29. Once this is established, 
the calibration of the device resolves itself into 
merely positioning the edge of the detent so as to 
align Sane with the far side (with respect to the 
observer) of the notch 29. This is done by alter 
ing the position of the portion 32 by bending same 
in the proper direction. 

A. Second of the supporting members 22 is 
riveted to the base 28 and serves to Support a sub 
Stantially fiat U-shaped spring member 34. Pref 

70 

erably, this Spring member is composed of beryl 
lium copper or Phosphor bronze. Attached to the 
free end of said member 34 is a contact 35 com 
posed of the Saine rnaterial as the contact 30 and 
So disposed on the spring member 34 as to be ad. 
jacent the contact 38. The Supporting member 
22 is provided with a threaded aperture to a CCOil 
modate a screw 36 which functions as one termi 
nal for connection in a Current-carrying circuit. 
A third supporting member 23 is riveted to the 

base 2 near the free end of the bimetallic blade 3 
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and is so designed as to provide an arm 3 integral 
therewith and extending at right angles from the 
plane surface of said support. Attached to the 
arm 3 is the heater element 38. The member 38 
is composed of current resistance material, such 
as Nichrome, and preferably has a resistance Sev 
eral times that of the thermally deformable men 
ber 3. The opposite end of said heater element 
is attached to the free end of the bimetallic men 
ber 3 at a point 39 thereon, as shown in Fig. 4, 
and the body portion of the heater 38 is curved 
loosely between the Supporting arm 3 and the 
member 31 and thus positioned with its body por 
tion remote from the body portion of the bimetal 
blade. In the preferred embodiment, the ratio of 
stiffness of the heater element 38 with respect to 
the bimetallic member 3 is of the order of 1:120. 
For example, the heater element 38 may be com 
posed of a material having a thickness of the 
order of 5 mils and the bimetallic strip 3 will 
have a thickness of the order of 25 mills. 
The above arrangement permits the bimetallic 

strip to move freely in response to the heat con 
ducted by the heater element 38 attached thereto. 
In addition, the remote position of the bimetallic 
member 3 and the heater element 38 with their 
ends connected in electric and thermal conduct 
ing relation is such that an absolute minimum of 
heat is transferred to the bimetallic member by 
convection or radiation currents, but rather Sub 
stantially all of the heat generated in the heater 
element 38 is conducted through the point of con 
nection 39 (as illustrated in FigS. 4 and 6) to the 
bimetallic member 3. As a result, due to this 
particular improvement, the recovery or cooling 
off time of the bimetallic member is reduced to 
the order of fifteen seconds or less. This is So 
because the bimetallic member is required to dis 
sipate, primarily, the conducted heat from the 
heating member 38 and appreciably little radiated 
or convected heat, the converse of which is usually 
met with in devices of this type as manufactured 
in accordance with the practice of the prior art. 

In practicing the present invention, the heat 
ing element 38 is so constructed as to have a ratio 
of area to volume which Will provide an appreci 
ably rapid rate of heat dissipation. Preferably, 
the member 38 should have a ratio of area to 
volume of the order of 400:1 or greater. This 
ratio enables faster resetting of the contact men 
bers 30 and 35. This is so because an appreciable 
portion of the heat in the member 38 is dissipated 
to the walls of the cover 0 and only that por 
tion of the heat necessary to actuate the bimetal 
lic member 3 is conducted thereto. 
A threaded aperture for engagement of a Screw 

40 is provided to enable the present device to be 
connected in series with One side of a current 
carrying circuit (not shown). 
The Figs. 1 through 3 illustrate the various 

operating positions of the present device, Fig. 1 
depicting the tripped or open circuit position. In 
Fig. 2, the push button 2 is depressed So that the 
extension 8, being clear of the Spring member 24, 
as provided by the opening 4?, presses on the 
spring member 34, while the bottom portion 2A 
presses on the first spring member 24. When the 
push button 2 is depressed so as to cause the 
shoulder 6 thereof to rest on the top of the cover 
o, the contacts 30 and 35 are still in the open 

circuit position. This is a feature of this type of 
circuit breaker and will be presently explained. 
The position of the contacts 30 and 35, as illus 
trated in Fig. 3, depict the closed circuit posi 
tion after the push button f2 has been released, 
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6 
It will be observed that the detent 33 is now 
astride the end portion of the spring 24 adjacent 
the notch 29. This is more clearly brought out 
in Figs. 5 and 6. 

If now an overload occurs in the circuit in 
Which this device be connected, the temperature 
of the bimetal member 3 and the heater element 
38 will be appreciably increased. The added heat 
thus generated is conducted to the bimetallic strip 
3, causing the same to move away from the ob 
Server with respect to Fig. 6, and consequently dis 
engage the contacts 30 and 35. Should the push 
button 2 be depressed. While the overload condi 
tion persists, no harm can be done, since the 
contacts will remain in open circuit position be 
cause of the pressure by extension 8 on the spring 
member 34. The contacts 39 and 35 can only be 
reset to the closed circuit position upon the ex 
piration of the recovery time of the bimetallic 
member 3i. However, if the overload condition 
persists, the contacts 30 and 35 will not remain 
in the reset or closed circuit position. 

Depressing the push button 3 causes the edge 
3A, thereof to force the detent 33 away from 

the spring member 24. As shown in Fig. 5, this 
novement would be to the right With respect to 
the observer and Serves to break the circuit. 
The improved arrangement of the circuit ter 

minals 36 and 40 provides means for connecting 
the present device in one side of a current-carry 
ing circuit So as to avoid any misalignment of the 
tripping assembly Supported on the base 20 when 
the terminals 35 and 40 are subjected to strain 
induced by the conductors (not shown) attached 
to them. By avoiding any external connection 
to the member 2 which supports the bimetallic 
tripping member 3, any possible Inisalignment 
between the last-mentioned member and the 
spring member 24 is obviated. 

Referring now to Fig. 7, there is illustrated a 
chart which graphically discloses the advantages 
of the device of the present invention over those 
of the prior art. A curve A designates the limit 
ing characteristic of a device which is to be 
thermally protected, for example, a motor. The 
curve A is plotted to show, relatively, the range 
Of current flowing through Said device versus the 
time required in a given ambient for the device 
to reach a maximum safe temperature. Currents 
ranging up to the curve E are those which can 
be tolerated indefinitely. 
A pair of curves B and C are time-current 

curves for two extremes of overload relay design, 
B being the slow relay curve and C the fast relay 
curve. However, in order to suitably protect the 
motor, the curves B and C must be in the region 
below the curve A. The ideal condition of course 
is for the curve B to have exactly the same char 
acteristics as the curve A. Since this is im 
practical from a standpoint of economy of manu 
facture and the physical size involved in the 
design of a device to meet such requirements, a 
compromise such as designated by the curve B 
is utilized. It is, of course, desirable that the 
curve B should be as close to the curve A in chair 
acteristics as possible but should never exceed it. 
in order that the motor be used to its full ca 
pacity. 
The curve C is typical of a so-called fast relay. 

Such a relay overprotects the device for which 
it is utilized and, if carried too far, is so fast that 
the inrush current-time characteristic of the 
motor trips the relay before the motor can reach 
its proper operating level E. A relay having 
these characteristics employs a great deal of self 
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heat in the bimetal or operating element so that 
this element is the main-one to cool off. 
A curve B' designates the usual reset time for 

a circuit breaker having the curve B character 
istics and the reset time thereof is usually of the 
order of minutes. This is so because most cir 
cuit breakers in this class use a heating element 
which transmits heat to an operating eleinent by 
all three means, namely, conduction, convection 
and radiation. Of these, the radiation factor is 
large; as is the thermal storage factor of the 
heating element and the operating element. This 
means, of course, that an appreciably longer time 
is required for the operating element to cool off 
sufficiently before the circuit breaker or Switch 
can be reset and the motor started under full 
load. A reset time curve C', although shorter 
than the reset time curve D, is obviously imina 
terial in view of the extremely fast tripping time 
of a circuit breaker whose characteristics are 
such as shown by the curve C. 
In accordance with the present invention, it is 

possible to arrive at a tip curve B and a reset 
curve such as D. The slow trippiiag character 
istic is obtained by permitting heat generated in 
the element 38 to flow into the binetal menber 
3 substantially only by conduction from the 
heater element 38. Such flow occul's providing 
the resistance of element 38 is considerably 
greater than the resistance of the thermally de 
formable member 3, as mentioined previously, 
so that considerably more, and preferably Several 
times more, watts are generated in the heater 
element 38 than in the binetal member 3. With 
this arrangement, considerable time is required 
to bring the bimetal member up to its operating 
temperature, Such time being an appreciably 
longer time than is possible if a greater portion 
of self heat in the bimetalis used. 
The fast recovery characteristic of the present 4 

invention is obtained because Of the novel ar 
rangement of the bimetal member 3 and heater 
element 38. This arrangement provides for the 
fow of energy from the heater to the bimetal by 
conduction, while Substantially little radiation 
occurs from the heater to the bimetal. Corse 
quently, after the device has tripped and because 
the thermal time constant of the heater is low 
(where ratio of Surface area, to mass is large) 
it can cool rapidly by radiation to the walls of 
the cover f. After the heater 38 has cooled to 
the terrperature of the bimetal member 3, it 
acts as additional means of radiation for the 
binetal, If, for example, the bimetal and heater 
faced each other, cooling would be appreciably 
retarded. As a result of the above arrangement, 
the reset time as indicated by the cII've D is of 
the order of fifteen seconds or less. 
The embodiment of the present invention. 

which has been illustrated and described is 
Selected for the gurpose of Setting forth the 
principles involved. It will be obvious that the 
invention may be modified to meet various con 
ditions for different Specific uses and it is, there 
fore, intended to cover by the appended clairins 
all such modifications which fall Within the true 
Spirit...and Scope of the present invertion. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. En an electric control device, an elongated 

biraetallic member fixedly mounted at one end 
with its other end free to move, and an elon 
gated resistance heating element having one end 
connected directly to the free end of said mem 
ber in electric and thernal conductive relation 
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8 
therewith, said heating element being positioned 
with its body portion remote from the body por 
tion of said member and having an electric re 
sistance large in relation to the electric resist 
ance of said member, whereby said member is 
heated slowly by thermal conduction and is cooled 
rapidly and substantially independently of Said 
element. 

2. En an electric control device, a bimetallic 
blade fixedly mounted at one end with its other 
end free to move, and an elongated flexible strip 
of electric resistance material having one end 
connected directly to the free end of said bi 
inetallic blade in thermal and electric conductive 
relation therewith, said flexible strip being loosely 
positioned adjacent said free end of Said blade 
and remote from the body portion thereof and 
having an electric resistance of the general order 
of Several times the resistance of Said blade. 

3. In an electric control device, a bimetallic 
blade fixedly nounted at one end with its other 
end free to move, an electric heating element 
comprising a fiat thin elongated strip of electric 
resistance raterial nore flexible than said blade 
and having one end connected directly to the 
free end of Said blade in electric and thermal con 
ductive relation, said strip having a resistance 
of the order of several times the resistance of 
Said blade and being fixedly mounted at its other 
end and loosely disposed adjacent the free end 
of Said blade remote from the body portion there 
of, and electrical connections providing for the 
circulation of electric current serially through 
Said plate and said heating element. 

4. In an electric control device, a support pro 
vided with a first upright bracket, a flat bimetallic 
blade fixed at one end to said bracket With its 
other end free to move, a second upright bracket 
fixed to Said Support adjacent said free end of 
Said blade, and an electric heating element com 
prising an elongated flat flexible strip of high 
electric resistance material fixed at one end to 
Said Second bracket and having its other end 
Connected to Said free end of said blade in elec 
tric and therina conductive relation, said strip 
having a resistance of the order of several times 
the resistance of said blade and being loosely dis 
posed between said second bracket and said free 
end of Said blade with the body portions of said 
Strip and blade relatively remote thereby to 
Eniniinize radiant heat transfer therebetween, 

GEORGE. M. EULER. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

Number Name Date 
1,150,706 Ryan -------------- Aug. 17, 1915 
1,232,458 Cavanagh ---------- July 3, 1917 
1,485,580 Zinnerman ------- Mar. 4, 1924 
2,080,244 Weirich ----------- May 11, 1937 
1,198.358 Vaughan ---------- Apr. 23, 1940 
2,208,760 Fairtig ------------ July 23, 1940 
2,225,692 Fisher ------------ Dec. 24, 1940 
2,284,756 Meyer ------------- June 2, 1942 
2,293,382 Case et al. -------- Aug. 18, 1942 
2,347,014 Willmann --------- Apr. 18, 1944 
2,352,439 Landon ----------- June 27, 1944 
2,379,323 Titus ------------ June 26, 1945 
2,400,984 Dyer et al. -------- May 28, 1946 
2,425,164. Thomson ---------- Aug. 5, 1947 
2,441,805 Fell -------------- May 18, 1948 
2,465,119. Resek et al. ------- Mar. 22, 1949 
2,558,908 Paige -------------- July 3, 1951 


