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To all whom it may 

UNITED STATES PATENT OFFICE. 
WILLIAM. A. RHODES, OF NEW YORK, N. Y., ASSIGNOR. To AMERICAN TELEPHONE 

AND TELEGRAPH. COMPANY, A CORPORATION OF NEW YORK, 

EECTROTHERMA, RELAY. 

1,399,226. Specification of Letters patent, Patented Dec. 6, 1921. 
Application filed May 4, 1919. Seria No. 297,068. 

Goose, 

Beit known that I, WILLIAM. A. RHoDEs, 
residing at New York, in the county of New 
York and State of New York, have invent 
ed certain improvements in Electrothermal 
Relays, of which the following is a specifi 
cation. , 
This invention relates to time-element 

translating devices and particularly con 
cerns devices of this character in which an 
expansion member responsive to electric cur 
rent operates a snap contact. d 
The expansion member of this invention 

may consist of a tube in which is inclosed 
a filament for heating the tube and thus 
causing a slight elongation thereof. This 
tube is combined with a device whereby its 
expansion movement is amplified and caused 
to operate a contacting device comprising a 
spring bowed in one direction and arranged 
to snap into a position of reverse flexure to 
operate the contact. The spring may be 
returned to its first position by means of a 
restoring magnet or it may be so adjusted 
that the tube causes it to snap back when its 
temperature is reduced. 
These and other features of the invention 

will be readily understood from the follow 
ing description thereof, reference being had 
to the accompanying drawing, in which Fig. 
ure 1 is a perspective view of one form of 
relay embodying the invention; Fig. 2 is a 
view showing an elevation of the left upper 
part of Fig.1, looking in the direction of 
the arrow g ; Fig. 3 is a view showing alon 
gitudinal section of the member 8, in which 
view the spring 16 is shown in its various 
positions, the curvatures of the spring being 
somewhat exaggerated to permit of a ready 

40 understanding of the action thereof; and 
Fig. 4 is a view similar to Fig. 3, showing 
the curvatures of spring 16 in a modified 
form of embodiment of the invention. 
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In the drawing, reference character 2 des 
ignates a metallic tube through which passes 
a filament 3, connected to terminals 4 and 5, 
which may be associated with a source of 
electromotive force for sending heating cur 
rent through the filament and causing a 
slight elongation of the tube. For the pur 
pose of amplifying this elongation, the tube 
is associated with a U shaped member 6 
which is hinged by means of thin flexible 
strips 7 to a support 8. The lower end of 

tube 2 is secured to a block 9 which is hinged 
by strips 10 to the cross-bar 6 of member 6 
and the upper end of tube 2 is similarly se 
cured to a block 11 hinged by strips i2 to 
the cross-beam 8 of support 8. The lower 
end of tube 2 extends through a hole 13 in 
the cross-bar 6 and is free to move therein. 
The upper end of tube 2 extends through a 
hole 14 in the cross-beam 8 of support 8. 
The lower end of tube 2 is thus secured to 
member 6 by strips 10 in the plane of this 
member, but the upper end of the tube is 
Secured to support 8 a small distance from 
this plane, and this distance although shown 
comparatively large in the drawing for the 
Sake of clearness, may be made so small that 
a slight elongation of tube 2 will cause mem 
ber 6 to swing to the left and thus move 
block 9 through a much larger distance. 
Member 6 is preferably made of the same 
metal as tube 2 so that changes of tempera 
ture of the surrounding medium cause equal 
expansions of both, and no resultant lateral 
movements of block 9. 
A finger 9, extending from block 9 is pro 

vided with a hole through which passes a 
thin fiat spring 16 which has its ends an 
chored in an extension 8 of support 8. A 
contact point 20 is secured to the spring at a 
point intermediate its ends, in such manner 
that it coöperates with a contact point 21 af 
fixed to the member 8, by a block 23 of in 
sulating material. These contact points are 
preferably of platinum or like arc-resisting 
metal and connected by wires 35 and 36 to 
terminals 22 and 25. When block 9 is moved 
to the left by the expansion of tube 2 the 
Spring Snaps into contacting position, as de 
scribed more fully hereinafter. V 
An electromagnet 26 having a pole 26, and 

an armature 27 is provided to operate spring 
16 from contacting to non-contacting posi 
tion, the armature for this purpose being 
provided with an extension 27 which is con 
nected by means of a link 28 with the exten 
sion 9 of block 9. Link 28 is free to slide 
in holes through extensions 9 and 27, and 
knobs 28 and 28's are provided at the ends 
of the link to force block 9 to follow the 
movement of armature 27 when the electro 
magnet is energized by means of a source of 
current connected to its terminals 30 and 31. 
When block 9 is thus moved to the right by 
the action of electromagnet, it causes the 
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the dot and dash line. 
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spring to Snap into non-contacting position 
as described below. 

Fig. 3 shows to an exaggerated degree the 
flexures of the spring in its contacting and 
non-contacting positions. The spring is 
biased to the position indicated by the dash 
line. It is prevented by contact point 21 
from assuming this position and therefore 
bears against this point with sufficient pres 
sure to hold the contact firmly closed, the 
curvature of the spring being as shown by 

When block 9 is 
moved to the right by magnet 26 it distorts 
the curvature of the spring until the same 
suddenly yields and snaps out of contact 
with point 21 into the position shown in 
full lines. The forces acting on the spring 
due to its bias and resiliency are in equilib 
rium in this position, and the contact conse 
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quently remains open when the magnet is de 
energized. A very slight movement of block 
9 to the left, due to an expansion of tube 2, 
is sufficient to cause the spring to lose its 
equilibrium and snap back into contacting 
position. The energy expended by the elec 
tromagnet in moving the spring against its 
bias into non-contacting position is thus 
utilized for returning the spring to contact 
ing position. Very little energy is conse 
quently required to cause a closure of the 
contact; merely enough, to heat the tube suf 
ficiently to cause its expansion to upset the 
equilibrium of the spring. 

In the use of this translating device, ter 
minals 4 and 5 are associated with a circuit 
for causing the device to close its contact, 
terminals 30 and 31, with a circuit for caus 

40 

45 

50 

55 

60 

65 

ing it to open the contact and terminals 22 
and 25, with a circuit to be controlled by 
the contact. When current is caused to 
flow in the circuit associated with the termi 
nals 4 and 5, the filament heats the tube 
which expands and causes, block 9 to upset 
the equilibrium of the spring, which there 
upon Snaps into contacting position under 
the action of its bias as explained above. 
This operation of the contact does not occur, 
however, the moment current is applied to 
the filament, but only after such time has 
elapsed as to permit the tube to become suf 
ficiently heated to expand the required 
amount. This time interval depends as well 
on the construction and adjustment of the 
various parts of the relay, as on the current 
supplied to the filament and may, therefore, 
be predetermined and adjusted to suit con 
venience. Once the contact spring has been 
operated to its closed position, current may 
be taken of the filament without causing 
the contact to open, the reason for this being 
that the biasing force of the spring is greater 
than the pull of block 9 resulting from the 
contraction of the tube. The thin flexible 
hinge strips 7.10 and 12, as a result of this, 
bend sufficiently to accommodate the slight 
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shrinkage of the tube. The circuit connect 
ed to terminals 22 and 25 is thus held closed 
and it is opened only when the circuit asso 
ciated with terminals 30 and 31 causes an 
energization of the electromagnet 26. When 
this occurs, the pull of armature 27 over 
comes the biasing force of the spring and 
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restores the same to its non-contacting posi 
tion, in which position it remains, as ex 
plained hereinbefore, when the current is 
taken of the electromagnet. 
The mechanical connection between the 

restoring magnet and the spring may be 
eliminated if the magnet is so placed adja 
cent to the spring that its flux traverses the 
Same. The spring in this case fulfils the 
functions of the armature of the magnet and 
is attracted thereby into non-contacting po 
sition when the magnet is energized. 
The restoring magnet is dispensed with in 

a modified form of embodiment of the in 
vention. The spring in this case is so an 
chored in support 18 that it is bowed as 
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shown in full lines in Fig. 4 when in non 
contacting position, and, as shown in dotted 
lines, when in contacting position. The ex 
pansion element operates the spring from. 
each position to the other and therefore re 
quires more energy to operate, and the con 
tact opens when the tube contracts. 
The relay of this invention is applicable 

to many fields of the electrical arts and may 
be designed to operate on large currents al 
though it is particularly adapted to respond 
to small currents. Spring 16, in such case, . 
may be as light as the hair spring of a watch 
and the distance between the planes of the 
pivotal strips 7 and 12 may 
small as several thousandths of an inch. 
The spring is preferably bowed and shaped. 
as herein described, but it may be given 
any other suitable size, shape and stress as 
occasion demands. Various other modifica 
tions and changes may be made in the em 
bodiments of this invention, within the scope 
of the following claims without departing 
from the spirit and scope of this invention. 
What is claimed is: 
1. A time element translating device com 

prising a resilient member fixed at its ex 
tremities and flexed in one direction, and a 
heat responsive device for causing flexure 
of said member in the reverse direction, said 
device comprising a hollow member and a 
heating device therein. 

2. A translating device comprising a re 
silient member flexed in one direction, a 
heat responsive device for causing flexure of 
said member in a reverse direction, and an electromagnetic device for restoring said 
resilient member to flexure in the first men 
tioned direction. 

90 

95. 

100 

be made as 
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3. In combination, a pair of heat respon sive members, each pivotally supported at 
one end and associated with the other at the 130 
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same and causing 
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other end, a conductor associated with one 
of said members for heating the same and 
causing lateral movement of said members, 
a contact device operated by said members, 
and means for causing said device to snap 
into and out of contacting position. 

4. In combination, a contact point, a re 
silient member for coöperating therewith 
and arranged to snap into and out of con 
tacting position, and a time element device 
for operating said resilient member, said 
device comprising a pair of members having 
substantially equal coefficients of expansion, 
each member being pivotally supported ad 
jacent one end and associated with the other 
at the other end, and means for heating one 
of the said members. 

5. In combination, a contact point, a re 
silient member coöperating therewith and 
having contacting and non-contacting posi 
tions, means responsive to current for op 
erating said member from one position to 
the other, and means for rendering said 
current responsive means effective to oper 
ate said member in only one direction. 

6. In combination, a contact member, a 
resilient member coöperating therewith and having contacting and non-contacting posi 
tions, means biasing said resilient member 
to one of its positions, an electromagnetic 
device to operate it to its other position, and 
a heat responsive device to cause said mem 
ber to return to its biased position. 

7. In combination, a contact member hav ing contacting and non-contacting positions, 
a support for said member for bowing the 

th it to assume one of its 
positions, an electromagnetic device for op 
erating said member into its other position, 
and a heat responsive device for causing it 
to return to its normal position, said con 
tact member being of resilient material and . 
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arranged to Snap into and out of each of its positions. 
8. A translating device comprising a con 

tacting device, having open and closed posi 
tions, means responsive to current of pre 
determined duration to operate said contact 
ing device into one of said positions and 
separate means comprising an electromag 
net adapted to be energized for restoring 
said contacting device to its other position. 

9. A translating device comprising a con 
tacting device arranged to remain in con 
tacting or non-contacting position, a device 
responsive to a predetermined variation in 
temperature to operate said contact into one 
of its positions, means responsive to current 
to cause said variation in temperature, and 
means also responsive to current to operate 
said contacting device into its other posi 
tion. 

10. A translating device comprising a con 
tacting device arranged to have in one of 
its positions greater potential energy than 
in its other position, a circuit, a device as 
sociated with said circuit and responsive to 
current of pre-determined duration for caus 
ing said contacting device to move from its position of higher potential energy to its 
position of lower potential energy, and a 
device responsive to current for restorin 
said contacting device to its position o 
higher potential energy. 

11. In a time-element translating device, 
a snap-action contact, a heat responsive op 
erating member therefor, and means opera 
tive when said contact is in operated posi 
tion to render the same unresponsive to said 
operating member. . . 
In testimony whereof, I have signed my 

name to this specification this 12th day of 
May, 1919. 

WILLIAM. A. RHODES. 
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