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This application is a division of my appli 
cation Serial No. 750,264, filed November 17, 
1924, and issued as Patent 1,693,325, Novem 
ber 27, 1928. The present invention relates to thermal 
responsive controlling devices, and more par 
ticularly to thermal responsive circuit con 
trolling devices having relatively movable 
thermal responsive operating elements. 
One of the objects of the invention is to 

provide a novel form of thermal responsive 
controlling device of the above character 
which is operated responsively to the dif 
ference in the rates of change of temperature 
of the operating elements. Although not limited thereto, the inven 
tion is particularly adapted to control the 
lamps of a dual intensity street lighting sys 
tem wherein the high intensity lamps are 
lighted during the earlier part of the night 
and lower intensity lamps are lighted during 
the remainder of the night. In such systems it has been proposed here 
tofore to effect the changeover from the high 
intensity to the low intensity lamp by means 
of lamp switching relays located at each of 
the lighting units which are arranged to be operated upon a momentary deenergization 
of the power supply lines for the lamps. 
The various forms of lamp switching relays 
with which I am familiar have required the 
use of electro-magnets for controlling the 
switch mechanism, thus leaving something to 
be desired in the way of a less expensive and 
more simple lamp switching device. 
The present invention provides a novel 

form of thermal responsive circuit controlling 
switch mechanism which may be inexpensive 
ly manufactured and easily installed in a dual intensity lighting system of the above 
character to effect the changeover from the 
high intensity lamp to the low intensity lamp 
in a simple and reliable manner. ". 

In carrying my invention into effect in 
the form which I now regard as a preferred 
form, circuit controlling switch mechanism 
is controlled by means of a pair of thermal 
responsive movable elements having different 
heat storage capacities, the elements being 
arranged to be heated simultaneously respon 

sively to the current in the circuit controlled 
by the switch mechanism and arranged so as 
to operate the switch mechanism responsively 
to the difference in the rate of cooling of the . elements upon a momentary interruption of 
the circuit. For a better understanding of my inven 
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tion reference is had to the following descrip 
tion when taken in connection with the ac 
companying drawings in which Fig. 1 dia 
grammatically illustrates a preferred form 
of thermal responsive switch mechanism em 
bodying my invention together with a se 
lective control system employing the same, 
and Figs. 2 and 3 show the relative positions 
of the several operating parts of the thermal 
responsive Switch mechanism during different 
phases of operation thereof. - 
The novel features and combinations which 

I believe to be characteristic of my invention are pointed out with particularity in the 
appended claims. Referring to Fig. 1, the thermal responsive 
Switch mechanism comprises essentially the 
cooperating circuit controlling contacts 10, 11 
and 12 and the thermal responsive movable 
elements 13 and 14. In the preferred form 
illustrated the thermal responsive elements 13 
and 14 are of the bi-metallic current conduct 
ing type and in accordance with my invention are designed to have substantially similar 
thermal characteristics of expansion while having different heat storage capacities. The 
thermal element 13 is suitably secured at one end to the stationary support 15 and carries 
the movable circuit controlling contact 10 at 
the free end thereof. It will be observed 
that the circuit controlling contacts 11 and 12 
are mounted in fixed spaced relation upon 
opposite ends of yoke 16, the contact 11 being 
suitably insulated therefrom, and are sup 
ported in cooperating relation with the con 
tact 10 by the thermal responsive element 14, 
One end of which is suitably secured to the 
stationary support 17 and the other end is 
secured to the yoke 16. - As will be more fully described in connec 
tion with the operation of my invention, the 
thermal responsive elements 13 and 14 are 
heated by a common energizing current and 
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cooled by the surrounding air. Since the ele 
ments 13 and 14 have stubstantially similar 
thermal characteristics, each of the elements will flex substantially the same amount upon 
a given change of temperature thereof. How 
ever, due to the fact that the elements have different heat storage capacities, the rate of 
change oftemperature thereof will vary when 
they are subjected to a common heating or 
cooling effect. Thus the element having the 
lesser heat storage capacity will respond to a 
given heating and cooling effect more rapidly 
than the element having the greater heat stor 
age capacity and a resulting relative move 
ment occurs between the contact members 
which is dependent upon the difference in the 
rate of change of temperature thereof. It 
will be evident that the relative heat storage 
capacities of the thermal responsive elements 
13 and 14 may be varied by properly propor 
tioning the relative mass of the supports 15 
and 17 with which the respective elements are 
in heat conducting contact as indicated in the drawing or by properly proportioning the 
mass of the elements themselves. 

In the preferred form of thermal respon 
sive switch mechanism illustrated, the ther 
mal responsive elements 13 and 14 are given 
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an initial bias such that when the elements 
are at the same temperature, the contact 10 
is maintained in firm engagement with the 
contact 12 and are each arranged to flex in 
the same direction when heated and cooled. 
The thermal responsive element 13 has a 
greater heat storage capacity than element 
14 and consequently the former responds 
more slowly to a heating or cooling effect than the latter. 
As shown in Fig. 1, the thermal responsive 

switch mechanism is connected to selectively 
control the energization of the electric trans 
lating devices 18 and 19 which may be as 
sumed to be respectively the low intensity 
lamp and the high intensity lamp of a light 
ing unit employed in a dual intensity street 
lighting system. In accordance with the us 
ual practice, the lamps 18 and 19 are connect 
ed in series in a supply line 20 and the switch 
21 is located at the power house or other-con 
venient place in order to control the connec 
tion of the Supply line 20 to a suitable source of power 22. 

In order to separately control the energiza 
tion of the lamps 18 and 19, the thermal re 
sponsive switch mechanism is connected by 
suitable conductors as shown to establish a 
short circuit around the lamp 18 when the 
movable circuit controlling contact 10 is in 
engagement with the contact 12 and to simi 
larly short circuit the lamp 19 when the con 
tact, 10 is in engagement with the contact 11. 
-As thus constructed and arranged the op 

eration of my improved form of thermal re 
sponsive switch mechanism and control sys 
tem employing the same is as follows. 

1,748,053 
Upon the operation of switch 21 from the 

open position to the closed position, the Sup 
ply line 20 is energized from the source of 
supply 22 and since the low candle power. 
lamp 18 is short circuited, current flows from 
the supply line 20 through the thermal re 
sponsive element 14, the cooperating contacts 
10 and 12, the thermal responsive element 13 
and the high intensity lamp 19, thereby light 
ing the latter to furnish high intensity illu 
mination. As the current flow continues, the 
thermal responsive elements 13 and 14 are 
heated and consequently flex in unison in the 
same direction and carry the cooperating 
circuit controlling contacts 10, 11 and 12 as 
a unit into the position shown in Fig. 2. Due 
to the fact that the heat storage capacity of 
thermal responsive element 14 is less than 
that of element 13, the temperature of the 
former will increase more rapidly and the 
element 14 will tend to flex at a greater rate 
and thus force the contact 12 into firmer en 
gagement with the movable cooperating con 
tact 10. After the thermal responsive ele 
ments 13 and 14 finally reach a substantially 
constant temperature, the contacts 10 and 12 
are maintained in engagement due to the ini 
tial bias of the thermal elements and the high candle power lamp 19 continues to receive 
energizing current as shown in Fig. 2. 

It will be evident that with my improved 
form of thermal responsive switch mecha nism, a temporary failure of the supply 
Source 22 or a temporary decrease in current 
in the Supply line 20 due to accidentai ground 
or other causes occurring during the opera 
tion of the lighting system will not produce 
a separation of the contacts i0 and 12 unless 
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continued for an appreciable length of time. 
This is due to the fact that the support 17 as 
Well as the mass of thermal element 14 serve 
as heat storage masses to prevent too rapid cooling of the element 14. 

If now it should be desired to deemergize the high candle power lamp 19 and energize 
the low candle power lamp 18, the change 
over is effected simply by opening the switch 
21 for a short interval. This interrupts the 
heating current for both thermal responsive 
elements 14 and 18 and each thereupon begins 
to decrease in temperature at a rate depend 
ent upon the heat storage capacity thereof. 
Since the heat storage capacity of thermai 
element 14 is relatively low, the temperature 
of this element will more rapidly decrease 
and the resulting flexure of the element will 
carry the circuit controlling contact 12 out of 
engagement with the contact, 10 and operate 
the circuit controlling contact 11 into engage 
ment there with. During this interval the 
movement of contact 10 by thermal element 
13 is relatively small due to the fact that the 
larger heat storage capacity of thermal re 
Sponsive element 13 causes the temperature of 
this element to decrease at a much lower rate. 
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After the engagement of contact 11 with con 
tact 10, the element 13 actively opposes fur 
ther movement of element 14, thus maintain 
ing the contacts in firm engagement. The relative positions of the operating 
parts of the thermal responsive switch mecha 
nism after this phase of operation are illus 
trated in Fig. 3. It will be evident that upon 
the reclosure of switch 21 current will flow 
through the low intensity lamp 18, the ther 
mal responsive element 13 and the coop 
erating contacts 10 and 11 and the high in 
tensity lamp 19 will be short circuited. The 
heating effects of the current flowing through 
element i3 maintains this element flexed with 
the circuit controlling contact 10 in engage 
ment with contact 11, as long as the low 
candle power lamp 18 is maintained ener 
gized. During this time, no current flows 
through the thermal element 14 and since 
the elements are now active in opposition a 
good electrical contact is secured. . When the low intensity lamp 18 is deener 
gized by the opening of switch 21, the ther 
mal responsive element 13 is permitted to cool 
and after a sufficient time interval again will 
carry the circuit controlling contact 10 into 
engagement with the cooperating contact 12 
as shown in Fig. 1. Thus the electrorespon 
sive switch mechanism is returned to its in 
itial position in which the low intensity lamp 
18 is short circuited and the thermal respon 
sive elements 13 and 14 are connected in series 
with the high intensity lamp 19 to be ener 
gized simultaneously therewith upon the re 
closure of switch 21. 
From the foregoing it will be obvious that 

in a lighting system employing a plurality of 
thermal responsive switches embodying my 
invention, even though the several switch mechanisms may become unsynchronized due 
to grounds, accidental interruptions of the 
supply circuit, or other cause occurring dur 
ing the operation of the lighting system, 

; nevertheless each of the switch mechanisms 
will automatically return to corresponding 
initial position upon the interruption of the 
supply circuit for a sufficient time interval. in accordance with the provisions of the 
patent, statutes I have described the principle 
of operation of my invention together with 
the apparatus which now consider to repre 
sent the best embodiment thereof, but I 

vention may be carried out by other means. 
What I claim as new and desire to secure 

by Letters Patent of the United States, is: 1. In combination, a plurality of relatively 
movable members, a plurality of thermal re 
sponsive movable elements subject to common 
heating conditions and having different heat storage capacities, means for varying said 
common heating condition, and connections 
between the elements and the members for 
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imparting relative movement to said members . 
responsively to the difference in the rates of 
movement of said elements upon a predeter 
mined variation in said heating conditions. 

2. In combination, a pair of movable mem 
bers, a pair of thermal responsive movable 
elements, each operatively connected to move 
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a corresponding one of said members a cor responding amount responsively to a prede 
termined variation in heating conditions, 
means for effecting said predetermined varia 
tion in heating conditions said elements hav ing different heat storage capacities whereby 
relative movement is imparted to said mem 
bers responsively to the difference in the rates 
of movement of said elements upon the oc 
currence of said predetermined-variation in 
heating conditions. - 3. A thermal responsive device comprising 
two movable thermal responsive elements, one 
of said elements having a greater heat stor 
age capacity than the other, and connections 
between the elements whereby the elements 
move in unison when the temperature thereof 
is varied in one direction and the said one ele 
ment opposes the movement of the other ele 
ment when the temperature thereof is varied 
in the other direction. 4. A thermal responsive device comprising 
two movable thermal responsive elements ar 
ranged to move as a unit in response to simul 
taneous heating of the elements, one of said 
elements having a greater heat storage ca 
pacity than the other whereby upon cooling 
the elements have a relative movement, and means operated responsively to relative move 
ment between said elements. 5. In combination, a pair of relatively mov 
able switch members, a pair of thermai re 
sponsive movable elements having different 
heat storage capacities, means for simultane 
ously heating said elements, and connections 
between said elements and said members 
whereby relative movement is imparted to 
said members only upon the cooling of said 
elements. 6. A therinal responsive relay comprising 
circuit controlling switch mechanism, a pair 
of thermal current responsive movable ele ments having different heat storage capaci 
ties and subject to common heating condi 
tions, and connections between said elements 
and said switch mechanism whereby the said 

would have it understood that the apparatus switch mechanism is operated in response to 
; shown is only illustrative and that the in 

the difference in the rates of movement of said 
elements upon a predetermined variation in 
said heating conditions. 7. A thermal responsive controlling device 
for electric circuit comprising two thermal 
current responsive movable elements movable. 
in unison during the heating thereof, circuit 
controlling contacts for normally connecting 
the element in series relation in a circuit to 
be heated by the current therein, and connec tions whereby upon a predetermined reduc 
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4. 

tion of the current through the element, said 
contacts are operated to exclude one of said elements from the circuit. 

8. A thermal responsive relay comprising 
cooperating circuit controlling contacts, a 
pair of thermal current responsive movable 
elements subject to common variable heating 
conditions, each operatively connected to a 
corresponding one of said contacts to move 
the same in corresponding directions re 
sponsively to the heating and the cooling of 
said element, and a heat storage mass asso 
ciated with one of said elements to delay 
changes in the temperature thereof and there 
by impart a relative movement to said con 
tacts upon a relatively quick variation in said heating conditions. 

9. Athermal responsive relay comprising 
cooperating circuit controlling contacts, a 
pair of thermal current responsive movable 
elements, each separately connected to a cor 
responding one of said contacts to move the 
same in unison responsively to the heating of 
said elements, and a heat storage mass dis 
posed in heat conducting relation with one of 
said elements to delay the cooling thereof and 
thereby impart relative movement to said con 
tacts upon the cooling of said elements. 

10. A thermal responsive relay comprising 
a pair of movable circuit controlling contacts 
disposed in fixed spaced relation, a relatively 
movable contact biased into engagement 
with one of said movable contacts and oper 
able into engagement with the other of said 
movable contacts, and a pair of thermal re 
sponsive movable elements operatively con 
nected to move said contacts as a unit upon 
the heating of said elements and to operate 
said relatively movable contact into engage 
mint with the other of said movable contacts 
upon the cooling of said elements. 

11. A thermal responsive relay comprising 
a pair of movable contacts disposed in fixed 
spaced relation, a relatively movable contact 
biased into engagement with one of said mov 
able contacts and operable into engagement 
with the other of said movable contacts, a 
pair of thermal current responsive movable 
elements having different heat storage capac 
ities and connected in a circuit controlled by 
said contacts to be heated responsively to the 
current therein, and means operatively con 
necting said thermal elements with said con 
tacts to move the same as a unit upon the heat 
ing of said elements and to operate said rela 
tively movable contact into engagement with 
the said other movable contact upon the cool ing of said elements. 

12. A thermal responsive relay comprising 
a pair of bi-metallic thermal responsive mov 
able elements, each having one end fixed and 
arranged to flex in corresponding directions 
when heated and cooled, a pair of contacts 
supported in fixed spaced relation upon the 
other end of one of said elements, a cooperat 
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ing contact supported upon the other end of 
the other of said elements and biased into 
circuit controlling engagement with one of 
said pair of contacts, said elements having different heat storage capacities whereby 
upon the cooling thereof the said cooperating 
contact is operated into circuit controlling 
engagement with the other of Said pair of contacts. 

13. A thermal responsive relay comprising 
a pair of bi-metallic thermal current respon 
sive movable members, each having one end 
fixed, a pair of circuit controlling contacts 
supported in fixed spaced relation upon the 
other end of one of said elements, a third cir cuit controlling contact supported upon the 
other end of the other of said elements in co 
operating relation with said pair of contacts 
and biased into circuit controlling engage 
ment with one of said contacts, connections controlled by said third contact in its biased 
position for heating both of said elements to 
move said contacts as a unit, a heat storage 
mass associated with said other thermal ele 
ment to delay the cooling thereof and thereby 
operate said third contact into engagement 
with the other of said pair of contacts, and 
connections controlled by said third contact 
and said other of said pair of contacts for 
Separately heating said other thermal ele ment. 

14. A thermal electric circuit controlling 
relay comprising a pair of removable contacts 
disposed in spaced relation, a relatively mov 
able contact, operable therebetween, and means comprising a pair of thermal respon sive elements having different storage capaci 
ties and each operatively connected to a cor 
responding one of said relatively movable 
contacts for imparting relative movement 
thereto responsively to the difference in the 
rate of change of temperature of said ele ment. 

15. A thermal electric circuit controlling relay comprising a pair of movable contacts 
disposed in spaced relation a relatively mov 
able contact operable therebetween and 
biased into engagement with one of said mov 
able contacts, a bi-metallic thermal respon 
sive element operatively connected to said 
pair of movable contacts for moving the same, 
in one direction upon an increase in tem 
perature and in another direction upon a 
decrease in temperature, a second bi-metallic 
thermal responsive element operatively con 
nected to said relatively movable contact for 
moving the same in a corresponding direc 
tion upon a corresponding variation in tem 
peratures, said second element having a 
greater heat storage capacity than said first 
element whereby said relatively movable con 
tact is operated out of engagement with said 
One movable contact and into engagement 
with said other movable contact upon the si multaneous cooling of said element. 
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16. A thermal electric circuit controlling 
relay comprising a pair of bi-metallic ther 
mal responsive elements having substantially 
similar thermal characteristics of expansion 
and different storage capacities, a pair of 
movable contacts supported in spaced rela 
tion by one of said elements, a relatively mov 
able contact supported between said pair of 
movable contacts by the other of said thermal 
responsive elements, and biased into engage 
ment with one of said movable contacts, and 
common means for heating and cooling said 
element to impart relative movement to said 
contact responsively to the difference in the 
rate of change of temperature of said element. 

17. In combination, a pair of cooperating 
movable members, a pair of thermal respon 
sive movable elements connected to said mem 
bers to effect a movement of the members in 
unison in response to a temperature variation 
in one direction, and a heat storage mass as 
sociated with one of the elements to retard 
changes in the temperature thereof and there 
by effect relative movement of the members 
in response to a temperature variation in the 
opposite direction. In witness whereof I have hereunto set my 
hand this 24th day of March, 1926. OLIVER, C. TRAVER. 


