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Our invention relates to control devices, and 
more particularly to current responsive thermal 
overload protective relays for electric apparatus, 
such as electric motors, and has for its object 
a reliable relay that is shock-resisting, is con 
pensated for changes in ambient temperature, 
is readily adaptable to a variety of A.-C. and 
D.C. current ratings, is quick acting in response 
to current changes, can be quickly and easily 
reset, and inherently safeguards the circuit in 
case of a failure of its operating or compensating 
enoes. 
In carrying out our invention. We provide an 

expansible container provided with a movable 
wall, free to move in response to changes in fluid 
pressure, filled with a vaporizable liquid, and di 
rectly connected through a Sinal Opening to a 
Small container constituting a boiler, which is 
also filled with the vaporizable liquid. We pro 
vide a control member operated by the move 
ment of the movable wall and a means of heat 
ing the container constituting a boiler. In order 
to compensate for changes in ambient tempera 
ture we provide a second container With a now 
able wall, free to move in response to changes 
in fluid pressure, filled With a liquid-vapor mix 
ture, and positioned so that its expansion opposes 
the expansion of aforesaid container. 

For a more complete understanding of our in 
vention, reference should be had to the accom 
panying drawing in which Fig. 1 is an elevation 
all view of a thermal relay embodying our inven 
tion; Fig. 2 is a sectional view taken along the 
line 2-2 of Fig. 1 looking in the direction of the 
arrows; Fig. 3 is a sectional view taken along the 
line 3-3 of Fig. 1 looking in the direction of 
the arrows; Fig. 4 is a Sectional View taken along 
the line 4-A of Fig. 1 looking in the direction 
of the arrows; and Fig. 5 is an enlarged perspec 
tive view of a latch disk and rod, guides for the 
bellows, and a part of a latch plunger member. 

Referring to the drawing, our invention in One 
form comprises as an operating member a Suit 
able expansible container provided with a now 
able wall, such as a low Spring rate expansible 
bellows f, guided at its lower end by a plastic 
guide 2, and at its upper end connected to a 
plastic insulation plate 3. The plate 3 bears 
against a metal holding strip 4 which is connected 
to a plastic case 5 by screws 6 and T and to a 
plastic back or cover 8 by other Screws (not 
shown). The bellows is directly connected to 
a Small boiler 9 by a tube 0 of Small diameter. 
The assembly is completely filled with a suitable 
Vaporizable liquid, Such as trichlorotrifiuoroeth 
ane (F113) or acetone, and sealed, thereby main 
taining equal fluid pressure in the bellows and 
the boiler 9. As seen in Fig. 2 the bellows is 
thermally insulated from the boiler 9 by the air 
gap formed by the cylindrical space , except 
for the conduction through the Small tube 0. 
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Consequently the tube 0 is made just large 
enough to allow ready equalization of fluid pres 
sure, but small enough to minimize conduction of 
heat, between the boiler 9 and the bellows . 
Preferably the tube f is formed of a metal hav 
ing favorable high temperature characteristics, 
such as that known commercially as "Nichrone.' 
The boiler 9 is just large enough relative to the 
bellows so that vaporization of part of the con 
tained liquid, such as acetone, will force Sufficient 
liquid from the boiler 9 into the bellows to 
operate a latch tripping mechanism hereinafter 
described, but Small enough to prevent Over 
straining the bellows in case the boiler 9 is 
sufficiently heated that all of the liquid Con 
tained within it is vaporized, 
After the acetone in the boiler 9 reaches its 

vaporization temperature the expansion of the 
vapor is rapid, and sufficient liquid acetone is 
quickly forced into the bellows to actuate Suit 
able electric circuit control means described be 
low. Until the acetone in the boiler 9 reaches 
its vaporization temperature, however, itS eXpan 
sion is so slight that it has substantially no effect 
upon the voiume of acetone in the beliOWS and 
consequently does not cause appreciable move 
ment of the operating member. This Sudden 
action feature constitutes One of the inherent 
shock-resisting characteristics of our invention 
as the operating member remains in its closed 
position until a predetermined heat rise is effected 
in the boiler 9. Moreover without a transfer of 
heat, to the boiler the acetOne Will not vaporize. 
Thus for the short time duration of a physical 
shock substantially no liquid acetone will vaporize 
as it Will receive no appreciable transfer of heat. 
Any tendency of the free end of the belows 
to move toward its trip actuating position as a 
result of a shock Will be counteracted by the 
reduction in fluid pressure within the bellows 
and the boiler 9. Then the pressure of the atmos 
phere upon the bellows Will force the free end 
to return to its previous position. The Sinal 
orifice connection, consisting of the tube , be 
tWeen the boiler 9 and the belows further serves 
to dampen any movement of the free end of the 
bellows by preventing a Sudden transfer of 
liquid from the boiler 9 to the belows . Thus 
the effect of a shock would be to move the free 
end of the bellows less toward the trip position 
than if the nichrome tube were larger. These 
shock resisting features are also inherent chair 
acteristics of our invention. 
Means for heating the boiler 9 is provided in 

the form of an electrical resistance type re 
movable heater 2. A heating element 3, pref 
erably formed of Nichrome or the like, is spring 
loaded against the top of the boiler 9, as shown 
in Fig. 2. The heater 2 is attached to the plastic 
case 5 by ScreWS 4 and 5 as shown in Fig. i., 
and connected to the power circuit by connector 
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lugs 6 and IT and contact screws 8 and 9. The 
removable heater 2, while of simple design, 
makes this application of our invention adapt 
able to motors and circuits of both A.-C. and 
D.-C. power of current ratings varying from 
4 to 100 amperes. The design of the heater 
element 3 making the transfer surface as large 
as the top of the boiler 9 makes for quick re 
Sponse of our relay to changes in the current 
density in the heater 2. 
A latch tripping mechanism is provided in 

cluding a cylindrical latch member 20 with a 
projecting flange or disk 2 on its lower end and 
a guide rod 22 on which the latch member 2) is 
Slidably mounted. The tripping mechanism 
further includes a spiring biased plunger 23 with 
a plate 24 and an aperture 25. It can best be 
understood with reference made to Figs. 3 and 5. 
The rod 22 is Secured at its upper end by a screw 
to the guide 2 of the bellows f, a washer 22’ be 
ing interposed between them. The aperture 25 
of the plate 24 is slightly larger than the pro 
jecting disk 2 and may have, as shown in Figs. 
3 and 5 a Small slot 26 just large enough to ac 
Commodate the Shank portion of the latch mem 
ber 29. The plunger plate 24 is guided on three 
Sides by the guide slot 27, and is normally held 
in the right hand position shown in Figs. 2 and 4 
by the latch disk 2. The maximum travel of 
the plunger is indicated by the position in Fig. 
5, Which shows the latch mernber 20 in the lower 
Ol' trip position and the plunger plate 24 in its 
left hand circuit breaking position. 
The operation of the latch tripping mech 

anism can be explained with reference to Figs. 
3, 4 and 5. Upon expansion of the bellows 
the latch member 2) is forced downward, and 
when the latch disk 2 disengages the plate 24, 
the plunger moves quickly with a snap action 
to the left as shown on the drawing under the 
bias of the Spring 28 until it reaches the posi 
tion shown in Fig. 5. Means are provided by 
which the lateral movement of the plunger 23 
in its biased direction opens the control circuit, 
by releasing the pressure exerted by a switch or 
contact bar 29 on two strips 30, made of a con 
ducting Spring metal Such as spring bronze. The 
two Contact buttons on the switch bar 29 there 
upon are released from contact with the corre 
Sponding buttons on the spring bronze strips 30, 
which in turn move to the left, as seen in Fig. 
4 in accordance with their bias. The two con 
tact buttons on a contact bar 3, as shown in 
Fig. 4, are normally in contact with two corre 
Sponding contact points on the bronze strips 30, 
and the contacts are opened upon movement of 
the bronze strips 30 following release of the re 
Straining force of the switch bar 29. By the 
positioning of the two contact bars 29 and 3 We 
provide an additional shock resisting feature, 
Since a physical shock tending to jar either one of 
the Strips 30 away from one of its contact bars 
Will cause it to bear upon the other contact bar 
With a correspondingly greater force. Thus an 
Open circuit resulting from a shock is very un 
likely. The contact bar 3 is fixed to the plastic 
case 5 by screws 32. The spring bronze strips 
30 are fixed to the case 5 by screws 33 as shown 
in Fig. 1 and Fig. 4. We provide external con 
hector ScreWS 34 and 35 as shown in Fig. 1 and 
Fig. 4. With no contact between bronze strips 
30 and either contact bar 29 or 3, the external 
connector Screws 34 and 35 of the control circuit 
are deenergized and the power circuit thereupon 
Opened by the usual relay means. We further 
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4. 
provide a metal guide plate 36 held against the 
bellows guide 2 and a lower bellows guide 37 by 
the outside edges of the frame 5. The guide 36 
serves to keep the latch rod 22 perpendicular to 
the plunger plate 24. 
To compensate for changes in ambient We 

provide a suitable container with a movable wall, 
such as a low spring rate expansible bellows 38, 
filled with a liquid and vapor mixture of a va 
porizable liquid such as methyl bromide or ethyl 
chloride. One end of the bellows 38 is free to 
move in response to changes in fluid pressure and 
the other end bears against the flat metal hold 
ing strip 4. The compensating bellows 38 is 
guided by the guide 3T, and itS movable end upon 
expansion exerts an upward pressure on the latch 
member guide rod 22 to the lower end of which 
the guide 37 is secured whereby this pressure is 
transmitted to the bellows guide 2 and through 
it on the bellows . A spring 40 located between 
the bellows guide 37 and the latch disk 2 exerts 
a pressure which biases the latch member 2) 
upward into engagement With the washer 22, 
and limits the upward force exerted by the pro 
jecting disk 2 on the plunger plate 24 when the 
plate 24 is in the position shown in Fig. 5. 
An increase in ambient causes the pressure of 

the ethyl chloride to rise and thereby causes 
the bellows 38 to expand. Said expansion ex 
erts pressure through latch rod 22 on the bel 
lows f, thus raising the vaporization tempera 
ture of the acetone in the boiler 9. If the spring 
rates of the bellows and the bellows 33 are set 
So as to be equal when the latch member 20 
is in the release position, then the acetone in 
the boiler 9 will vaporize in Sufficient quantity 
to cause the latch member 20 to move to the 
release position. When the Vapor pressure in the 
boiler 9 just exceeds the vapor pressure in the 
bellows 38. For thus balancing the spring rates 
of the bellows and 38 we provide a factory ad 
justment screw 4 as shown in Fig. 2 and Fig. 4. 
Since the boiling point of acetone for any given 
preSSure, ranging from Zero to Seventy pounds 
per Square inch gage, is approximately 45 C. 
above that of ethyl chloride at the equivalent 
pressure, the temperature at which the relay will 
trip will be approximately 45° C. above ambient. 
Thus the compensating bellows 38 has as its ob 
ject to cause the plunger 23 to be released at 
a predetermined temperature rise, i. e., a prede 
termined current density in the heater element 
13, regardless of ambient changes. Moreover a 
further shock resisting feature is added by the 
effect of the bellows 38. If the bellows moves 
toward its latch releasing position because of 
Shock this movement will be opposed by the bel 
lows 38. The vapor pressure within the bellows 
38 will be increased with such movement of the 
bellows and thus will add to the force of the 
atmosphere in returning the bellows to its 
normal position. The latch mechanism 20, 2, 
23, and 24 is arranged to safeguard the power 
circuit in case of a failure of, or leak in, either 
bellows or 38. Upon failure of the bellows 
the vapor pressure of ethyl chloride in bellows 38 
will force up the latch disk 2 of latch member 
20 until its clears the top of the plate 24 of 
plunger 23, the Spring 28 thereupon forcing open 
the plunger 23 and opening the control circuit 
contacts. Upon failure of bellows 38, the force 
Which it normally exerts will be reduced, which 
in turn will reduce the rated current of the re 
lay by reducing the vaporization temperature 
of the acetone in the boiler 9. 
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An inherent feature of our invention is its 

quick reset characteristic. After the heat of 
vaporization of the acetone in the boiler 9 is 
reached, some acetone vaporizes and forces liq 
uid acetone into the bellows as described before. 
Consequently, after release of the plunger 23, 
the belows is completely filled With cool, liq 
uid acetone, while the boiler 9 contains hot a ce 
tone vapor. Upon condensation of a slight 
amount of the hot acetOne vapor, a drop in preS 
sure in the boiler 9 results, and cool liquid ace 
tone enters the boiler 9 to equalize the pressure 
in the bellows and the boiler 9. This action 
causes immediate additional condensation in the 
boiler by chilling the acetone vapor therein, thus 
causing more liquid acetone to enter the boiler 
9 from the bellows . The condensation of the 
acetone vapor is rapid because the liquid acetone 
from the bellows continues to chill it until the 
boiler 9 is again completely filled with liquid 
acetone. Then resetting is possible by pressing 
in the plunger 23 to allow the aperture 25 of the 
plunger plate 24 to become aligned with the disk 
2 of the latch member 20. 

Resetting time is further shortened by the ad 
dition of a wedge-like projection 42 on the top 
of the plunger plate 24, making it just high 
enough to push the bellows guide 2 up several 
mils when the guide 2 is in the tripped position 
as shown in Fig. 5. This forces a Small quan 
tity of liquid acetone into the boiler 9 to chill the 
hot vapor more quickly than it normally would 
cool and condense, and will be helpful in case 
our invention is applied to a relay use requiring 
exceptionally quick resetting. 
While we have ShoWin a particular embodi 

ment of our invention, it will be understood, of 
course, that we do not wish to be limited there 
to, since many modifications may be made, and 
We therefore contemplate by the appended 
claims to cover any Such modifications as fall 
Within the true Spirit and Scope of our invention. 
What We claim and desire to secure by Letters 

Patent of the United States is: 
1. A thermal overload protective device for an 

electric circuit comprising, a first sealed expan 
sible container containing a Vaporizable liquid 
and having a first rectilinearly movable wall, a 
Second Sealed expansible container containing a 
thermally expansible vapor under pressure and 
having a second rectilinearly movable wall dis 
posed in opposing relation. With respect to said 
first wall, means rigidly connecting said walls to 
gether, electric heating means disposed to vapor 
ize Said liquid in response to excessive flow of 
current in Said circuit, SWitching means adapted 
to interrupt said circuit, a member biased for 
movement transversely of the direction of move 
ment of Said Connected Walls to actuate Said 
switching means to circuit interrupting position, 
and latching means connected to said movable 
Walls and engaging Said member When Said Walls 
are in a normal intermediate position to restrain 
circuit interrupting movement of Said member, 
said latching means disengaging Said member 
upon movement of said Walls in either direction, 
whereby said circuit is interrupted upon failure 
of either of Said containers. 

2. A thermall overload protective device for an 
electric circuit comprising, a first expansible bel 
lows containing a vaporizable liquid and having 
a first rectilinearly movable end Wall, a Second 
expansible bellows containing a thermally ex 
pansible vapor under pressure and having a Sec 
ond rectilinearly movable end Wall, means conn 
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necting Said end Walls together in fixed Spaced 
apart opposing relation, electric heating means 
for vaporizing said liquid to expand said first 
bellows in response to excessive flow of current 
in said circuit, SWitching means adapted to inter 
rupt Said circuit, means including a flat plate 
biased for movement transversely of the direc 
tion of movement of said movable Walls, to actu 
ate Said SWitching means to circuit opening posi 
tion, and latching means carried by said con 
necting means and disposed in edgewise latching 
engagement With said flat plate when said mov 
able Walls are in a normal position with said 
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liquid unvaporized, whereby said plate is released 
to interrupt Said circuit, upon Vaporization of 
said liquid or upon failure of either of Said bel 
lows. 

3. A thermal overload protective device for 
an electric circuit comprising a pair of expansi 
be belows disposed in end-to-end relation with 
their adjacent end walls connected together for 
rectilinear movement in opposing relation, a va 
pOrizable liquid in one of said bellows, a ther 
mally expansible vapor in the other of said bel 
loWS, electric heating means for vaporizing said 
liquid in response to flow of excessive current in 
Said circuit, SWitching means adapted to inter 
rupt said circuit, and latching means for retain 
ing Said Switching means in a circuit closing po 
sition comprising a flat plate biased for edgewise 
movement transversely of the direction of move 
ment of Said end walls and a detent normally 
engaging Said plate in edgeWise relation and con 
nected to be disengaged from Said plate in re 
Sponse to movement of Said end Walls in either 
direction. 

4. A thermal overload protective device for an 
electric circuit comprising a base, a pair of ex 
pansible bellows disposed in end-to-end oppos 
ing relation. With their remote end Walls fixed to 
said base, a rod connecting the movable adjacent 
end Walls of Said bellows for rectilinear move 
ment in fixed Spaced apart relation, a vaporizable 
liquid in one of Said bellows, a thermally expansi 
ble vapor in the other of said bellows, electric 
heating means for vaporizing said liquid in re 
Sponse to the flow of a predetermined excessive 
current in said circuit, switching means adapted 
to interrupt Said circuit, means for actuating said 
Switching means to circuit opening position in 
cluding an apertured plate loosely embracing said 
rod and biased for edgewise movement perpen 
dicular to said rod, and a flat latching plate 
mounted upon said rod and disposed for edgewise 
latching engagement in said aperture when said 
liquid is in an unvaporized state. 

CHESTER, . HALL. 
JOHN L, SONNEGER. 
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