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UNITED STATES PATENT OFFICE 

CONTROL SYSTEM 
Charles D. Geer, East Orange, N. J., assignor to 
Thomas A. Edison, Incorporated, West Orange, 
N.J., a corporation of New Jersey 
Application May 24, 1940, Serial No. 336,894 

(C. 200-122) 19 Claims, 
This invention relates to control systems, and 

especially, though not in all aspects limitatively, 
to Systems for electrical control. 
An important aspect of the invention relates to 

control Systems, of relay nature for example, 
which produce their control action at the ex 
piration of a time interval or delay following 
an initial manipulation or action; and it is a gen 
eral object to provide an improved system, and 
improvements for a system, of that type. Typi 
cally, though not necessarily limitatively, such a 
System may involve the accumulation of energy, 
for example of heat, in an energy-storing device 
which in turn forms an operating element in the 
System. 

It is another object to provide an improved 

O 

5 

control or relay system of the delayed-action 
type just mentioned, characterized by substan 
tial uniformity of the delay intervals in all nor 
mal, though rapid, use. 

It is another object to provide an improved 
System of the type described, which may be oper 
ated a number of times, or re-cycled, in quick 
succession without substantial change of its de 
lay interval. 

It is another object to provide an improved sys 
tem of the type described, which may be oper 
ated immediately following a prior incompleted 
operation, with its normal delay interval. 

It is another object to provide an improved 
System of the type described, operatively includ 
ing an energy storing device, with which quickly 
repeated but substantially uniform re-cycling 
may be effected. 

It is another object to provide an improved 
control system of the type described, operatively 
including an energy-storing device, which may be 
Operated with uniform action substantially in 
dependent of the level of energy contained in that 
device. 
Other objects are the provision of improve 

ments for a control system of the type described 
whereby it is caused to fulfill the above-stated 
objects in novel and advantageous manners. 

In the co-pending application of Charles T. 
Jacobs, Serial No. 336,873, filed May 23, 1940, 
as a continuation in part of a prior application, 
Serial No. 128,219, filed February 27, 1937, and 
assigned to the assignee of this application, there 
was disclosed and broadly claimed a control sys 
tem adapted to accomplish objectives above indi 
cated. It is an object. of this invention to pro 
vide improvements in, and improved variations 
of, the control system disclosed and claimed in 
that application. W 
Other and allied objects will more fully appea 

from the following description and the appended 
claims. w 

In the description reference is had to the ac 
companying drawing, of which: 

Figure 1 is an elevational view of the principal 
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portion of a control system according to my in 
vention, further portions of the system appear 
ing therein schematically; 

Figure 2 is an analogous view of a control Sys 
tem embodying my invention in a modified form; 

Figure 3 is an essentially central cross-section 
all view taken through a "vacuum-type' relay 
embodying my invention in a somewhat further 
modified form, remaining portions of the con 
trol system in which the relay is employed ap 
pearing in the figure schematically; 

Figure 4 is a cross-sectional view taken Sub 
stantially along the line 4-4 of Figure 3; 

Figure 5 is a cross-sectional view taken Sub 
stantially along the line 5-5 of Figure 4; and 

Figure 6 is a view generally analogous to Fig 
ure 3, but illustrating a "vacuum-type' relay emi 
bodying my invention in a still further modified. 
form. 

Attention may first be directed to the embodi 
ment of my invention illustrated in Figure 1. 
Herein represents a bimetallic Strip, composed 
in the usual way of two metals of dissimilar ther 
mal coefficients of expansion, clamped at One 
extremity in an insulating stack 2 at One end of 
an insulating base 0; it will be understood that 
this strip will bend generally arcuately, for ex 
ample upwardly at its free extremity (as indi 
cated by the arrow therethrough) as its tem 
perature is raised. Broadly, this strip repre 
sents an energy-storing device, positionally re 
sponsive to its own energy (heat) content; and 
in association therewith there is provided means 
operable at will to vary that energy content 
e.g., for supplying energy or heat thereto. This 
means is illustrated as the heating winding or 
resistance 3 wound about the strip over a con 
siderable portion of the length of the strip; this 
winding may be connected, for example through 
the manually operable switching system 4 herein 
after more fully described, to the battery or other 
electric current source 5. 

In this embodiment the control device to be 
operated is an electric switch comprising as its 
two members the contacts and 8; these are 
normally maintained in predetermined mutual 
relationship (for example, Spaced apart by a 
predetermined distance) and are operated (for 
example, moved toward each other) only during 
periods of energy supply to the bimetallic strip f. 
My invention permits one of the control nem 
bers--e.g., contact 7-to occupy the simple re 
lationship to the bimetallic strip of immediate 
connection thereto; accordingly it has been 
shown carried by that strip at the top of its free 
extremity. 
The other control member, or contact 8, has 

been shown disposed above contact 7 and car 
ried on the bottom of a leaf spring ; this spring. 
is disposed spacedly above the strip , its ex 
tremity being clamped in the stack 2 at a dis 



2 
tance above the strip . To maintain a prede 
termined relationship between the contacts and 
8 the spring is subjected to a self-generated 
upward bias (as indicated by the arrow there 
through), and response to this bias is limited by 
a screw 2 extending between the spring and 
the strip . The screw 2 may for example be in 
sulatedly secured through the strip by the in 
sulating bushings 3, and may pass freely 
through a hole 5 in the spring f, the spring 
bearing upwardly against the bottom of the head 
2a of the screw. 
As in the invention disclosed and claimed in 

the copending application abovementioned, si 
multaneously with the Supply of energy to the 
strip there is rendered inoperative the means 
which normally maintain the control members in 
predetermined relationship; further as in that 
case, this may be done by the suitably clutching 
or engaging one of the control members. Ac 

O 

20 
cording to my invention, however, it is possible 
to couple or engage an appropriate one of the 
control members with a stationary object, rather 
than with one of the movable elements of the system, thus materially simplifying the construc 
tion and Opening the way to many Specific varia 
tions otherwise difficult or impossible of employ. 
ment. 

In the embodiment of Figure 1 I couple or en 
gage, with a stationary object, the contact 8; 
this is conveniently done by operating on the 
spring which carries that contact, preferably 
at a point near to the contact. Accordingly I 
have shown the spring, just beyond the contact, 
folded first upwardly and then reversely down 
wardly, to form first a loop la and then a down 
hanging portion b; and to the outer side of the 
portion lb I have shown secured an armature 
6. Secured to the outer end of the base Othere 

has been shown an electromagnet 6 with hori 
Zontal pole 6a, from whose inner end 6a, the ar 
mature f3 is normally very slightly spaced to per 
mit normal vertical movement of the armature 
and spring f and contact 8 unimpeded by any 
touching of the pole end 6a". Upon energization 
of the electromagnet 6, however, the electromag 
net will attract the armature f6 into contact with 
the pole end 6a' (the spring flexing slightly at 
the loop f ?a), thus frictionally engaging the arm 
and spring f and contact 8. 
The electromagnet 6 may be electrically con 

nected for energization simultaneous or concom 
itant with the energization of the strip-heating 
winding 3; the simplest connection for such pur 
pose may be a connection in common with that 
winding, and a common connection of series na 
ture has been illustrated by way of example. 
The Switching System 4 therefore jointly controls 
the energizations of the electromagnet 6 and of 
the electro-thermal device represented by the bi 
metallic strip with its winding 3. 

Normally (e.g., during periods when current is 
not being supplied to the winding 3 and the elec 
tromagnet 6) any up or down movement of the 
strip , occasioned by ambient or any other con 
dition, will be accompanied, in view of the main 
tenance of a predetermined relationship between 
the control members as above described, by a 
corresponding movement of spring f ; in other 
words, the control members normally move jointly 
with each other. Upon closure of the Switching 
system 4 (e. g., of 24 against 28, as hereinafter 
further discussed), however, the winding 3 and 
the electromagnet 6 will be simultaneously ener 
gized, and armature 6 will be attracted into in 
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2,272,976 
timate contact with the pole end 6a'; its fric 
tional engagement there with will prevent that 
upward movement of spring and contact 
which would otherwise accompany the heat-pro 
duced rise of strip . Accordingly that rise, at 
the rate predetermined by the characteristics of 
the electro-thernal device -3, will carry the 
contact toward and into contact with the con 
tact 8. 

It is not important just what elevation the 
strip and spring may have at the time of 
closure of the switching System 4, the armature 
6 preferably having a vertical dimension large 
enough so that some portion of it will always be 
in horizontal juxtaposition to the pole end 6a'. 
And so long as the temperature of the strip 
at the time of switching System closure is any 
temperature, Within a considerable range, which 
causes a given Small strip movement, to require 
Substantially the same interval of current flow 
through the winding 3, closure of the contacts 7 
and 8 will result at the end of an interval after 
Switching system closure which is substantially 
independent of the initial strip temperature. 
The operation of the control device-i. e., the 

closure of the control members or contacts T and 
8 against each other-may of course be utilized 
for any desired purpose. Schematically I have 
illustrated them ( through the strip , and 8 
through the Spring ff) connected in a series cir 
cuit with a current source 2 and load 22 by 
the conductors 23, so that they serve to control 
the flow of current from that source through that load. 
No particular limitation is intended as to the 

nature of the switching system 4, or as to that 
of the load 22, or as to the presence or absence 
of means interrelating them in addition to the 
time-delay relay which the described structure 
Constitutes. The Switching system 4 may, as 
illustrated in later figures, be a simple single 
pole Single-throw Switch, which may if desired be 
manually opened at an appropriate time after 
the control device (7-8) has been operated to 
Supply current to the load 22. Automatic open 
ing means for the switching system may, how 
ever, be incorporated therein, particularly for 
use in cases where the load 22 is to be supplied 
with only a momentary, pulse of current from the 
Source 2, and such automatic means have been 
included in the showing of Figure 1. Thus the 
Switching System may comprise the pole 24 
pivoted at 25 and upwardly biased as by spring 
26, but movable downwardly as by knob. 27 to 
close against contact 28. When so closed it may 
be held in that position by being then engaged 
by a latch 29, pivoted as at 30 and biased as by 
Spring 3 into such engagement (or, when the 
pole 24 is raised, against stop 32). For manually 
opening the switching system at any desired time 
there may be provided on the latch a knob 33, 
by which it may be disengaged from the pole 24. 
There is associated with the latch, however, an 
additional latch-disengaging means automatical 
ly responsive to the closure of the contacts 7-8. 
This means may consist simply in an electro 
magnet 34 positioned to disengagingly attract 
the latch, and connected in series with the load 
circuit-e. g., serially in one of the conductors 
23. The use of such automatic means is not only 
conservative of energy from the source 5, but also 
helps to obviate excessive heating of the strip 
or energy-storing device f-e.g., helps to main 
tain a more nearly average level of energy 
therein. 
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It will be appreciated, however, that even in 

the event of the use of such automatic switch 
opening means, the temperature of the device 
will not always be, the same at all the different 
times of closing of the switching system 4; that 
temperature will for example be higher than 
usual in the case of closing (re-closing) So Soon 
after a prior operation of the system that gradual. 
energy losses (e. g., conduction, convection and 
radiation cooling) have not had an opportunity 
to return the strip to ambient temperature, or 
in the case of re-closing immediately or soon. 
after a prior closure interrupted deliberately 
before operation of the contacts 7-8. In most 
known control systems such an early re-closing 
of the switch, or "re-cycling' manipulation of 
the system, causes the control device (e. g., con 
tacts 7-8) to operate at the end of a time in 
terval which is substantially altered or short 
ened-in some cases practically to Zero-from 
that interval of operation which normally char 
acterizes the system. By my invention there is 
provided in a simplified structure the ability, 
characteristic of the system disclosed and 
claimed in the co-pending application above 
mentioned, to use the system a second or Suc 
ceeding time-i. e., to recycle it-just as Soon 
as desired after a prior use or incompleted use, 
without substantial departure from the normal 
interval of intended delay. For immediately 
upon the opening of the switch 4 (e. g., 24 from 
28)--whether that interruption occurs before, 
with, or after the closing of contacts and 8 
the armature 6 and spring will be released 
by the electromagnet 6, restoring the normal 
spaced relationship of the contacts. However 
soon the switch 4 may be re-closed, the armature 
6 will simply be attracted to the pole end 6a' 

in a fresh position, and the operation of the sys 
tem will be repeated with the normal time in 
terval. Of course there may be an ultimate 
limit to the number of recycling operations which 
can be performed in immediate succession, but 
such a limitation is of very infrequent signifi 
cance in the usual case. 

It will of course be understood that I employ. 
the phrase “control device' or “control members' 
in a very broad sense, intending thereby no un 
necessary limitation to cooperating contacts. 
Cooperating contacts, however, probably Con 
stitute the most frequently encountered type of 
control device to be operated with the predeter 
mined delay which my invention contemplates; 
and to illustrate an alternative arrangement of 
such contacts, I show them in Figure 2 in nor 
mally closed relatipnship, to be opened after a 
predetermined delay interval. 

Figure 2 also illustrates an engaging or cou 
pling means, alternative to the electromagnetic 
type, whose use broadly in a system of the in 
stant type is an element of my invention. In 
general, this engaging or coupling means may be 
termed an electro-thermal one, and more specif 
ically it may be termed a hot-wire means. While 
it has heretofore been employed as a contact 
moving means in certain relay Systems, it has 
not insofar as I am aware been employed in the 
clutching, coupling or engaging capacity contem 
plated by my invention-in which capacity I 
have found it to have marked advantages in re 
spect of simplicity, small size, ease of incorpora 
tion in relays of the vacuum type, and the like. 
Most readily to arrange the system of Figure 

2 for the normally closed condition of the con 
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tioned above the spring f. Again the strip 
moves upwardly with temperature rise, and again 
the spring is biased upwardly-which in this 
instance is toward the strip . One of the con 
trol members or contacts appears as T', carried 
on the bottom of the strip at its free cxtremity. 
The other control member or contact appear; as 
8', carried on the top of a light spring 8. Which 
extends upwardly and outwardly from an inter 
mediate point on the top of spring it. The bias 
of Spring toward strip is limited, in its in 
fluence on the spring, by a screw 2 threaded 
through the strip and extending downwardly 
to be impinged against by the spring it, or pref 
erably by a Small pad of insulating material se 
cured on the top of that spring. By means of 
the screw 2' the contacts 7 and 8' are main 
tained normally in a condition of predetermined 
pressure-arising from a constraint of spring 
8a-against each other. The spring it may 
again be provided with the loop fa and with the 
downhanging portion b. 
On the outer side of the portion b there may 

be secured a small block 16’, typically though not 
necessarily metallic. To the top of the outer ex 
tremity of the base Othere may be secured an 
L-shaped or other suitably formed member hav 
ing an inner vertical face Ta against which the 
block 6" may come into frictional contact. The 
portion b of spring is biased so that this 
contact will tend to be established. The portion 

b, however, is curved inwardly at its bottom 
to form a lug ?c; to this is secured one end of a 
link 58 whose other end terminates in an insu 
lating spool 59; and passing around this spool, 
and extending to have its ends secured to respec 
tive lugs 47 and 48 in the stack 2, is provided 
a fine resistance wire 57. The length of 57-59. 
58 is chosen so that normally the spring portion 
lib is flexed sufficiently to maintain the block 
6' dependably free of contact with the member 

face fla. The wire 57, however, is connected 
to be traversed by current, or energized, simul 
taneously with the energization of the electro 
thermal device -3; by way of example, the 
winding 3 has been shown terminally connected 
to the lugs 47 and 48 in which the Wire 57 ter 
minates, so that these elements are electrically 
in parallel. Upon their joint energization, as 
from Source 5 through switch 4, the expansion 
of wire 57 resulting from its heating permits the 
bias of spring portion lb to become effective to 
cause the frictional engagement of block 6' 
with the member face 7a. Obviously this en 
gagement acts on spring in an analogous 
manner to the electromagnetically produced en 
gagement of 6 with 6a' in Figure i-subject to 
the qualification that any delay in the effecting 
of the engagement, due to thermal inertia of the 
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wire 57, becomes added to the normal delay in 
tervai of the bimetallic strip , though this ef 
fect is usually inconsequential. 

In respect of the contact. action, it will be un 
derstood that when the spring i? is engaged 
or rendered stationary, the heat-produced rise 
of the bimetallic strip f will move contact 7 away 
from the Spring fl. But for a time, predeter 
mined by the normally predetermined pressure 
of contact 8 against contact 7”, the contact 8 
will be moved upwardly by spring 8a in contin 
ued contact with 7'-at the end of which pre 
determined time, when the spring 8a has yielded 
up its constraint, contact between 7 and 8' will 
be broken. While this continued movement of 

tacts, I have shown the bimetallic strip posi- 75 contact 8 may be inconsistent with a theory that 
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it is engaged or clutched or rendered stationary 
by 6' fla, there is still carried out the basic 
operation of engaging or clutching or rendering 
stationary one of two control members-Since the 
spring itself may entirely warrantably be con 
sidered as one of those members, either the bi 
metallic strip or the contact 7' being the other. 
Subject to the distinctions already made ap 

parent, the action of the system of Figure 2 may 
be considered analogous to that of the System 
of Figure 1 as already detailedly described. Upon 
any opening of switch 4 the original or predeter 
mined relationship of the control members is of 
course substantially instantly restored (the only 
delay being the minute one required for cooling 
of the wire 57), so that the system is Substan 
tially immediately rendered available for prompt 
re-cycling with substantially the normal delay 
interval. And it is to be understood that in pre 
senting at once in Figure 2 several features of 
modification from the system of Figure 1, no 
limitation at all is intended as to the combina 
tions of the several features, which are obviously 
not interdependent. 

In Figures 3, 4 and 5 I show an embodiment 
of my invention in a vacuum-type relay-i. e., 
a relay whose contacts and associated parts are 
enclosed within a sealed receptacle evacuated of 
air, in which however an atmosphere of inert 
gas may if desired be introduced for one or an 
other special purpose known in the art. In this 
embodiment I have illustrated electromagnetic 
engaging means, broadly in analogy to those of 
Figure l; in adapting them to the peculiar re 
quirements of a vacuum-type relay, however, . 
have employed an external coil and an internal 
magnetic structure magnetically energized there 
by, such as is disclosed and claimed in the co 
pending application of Herbert O. Wilson, Serial 
No. 108,420, filed October 30th, 1936, and as 
signed to the assignee of this application. 

Reference being had to Figure 3, and to Figures 
4 and 5 in aid thereof, there will be seen an 
evacuated glass receptacle 40 having the inward 
ly extending seal 4 at its righthand extremity. 
Passing inwardly through the seal and extend 
ing for an appreciable distance Within the re 
ceptacle are the top and bottom lead-in wires 2 
and 43, while between the latter there pass 
through the seal and extend for a shorter dis. 
tance within the receptacle the lead-in wires 44 
and 45. A spring and a bimetallic strip f 
are assembled in an insulating stack 2, in anal 
ogy to the Figure 1 construction, and the as 
sembly appears within the receptacle 40. The 
assembly is supported on the lead-in wires 42 
and 43; the extremity of the Spring. extend 
ing beyond the stack may be welded to the 
lead-in wire 42, while the extremity of the bi 
metallic strip in the stack may be connected 
to the lead-in wire 43. A heater winding is 
provided about the strip , and its extremities 
may be connected to the lead-in wires 44 and 
45, if desired through the medium of lugs 54 
and 55 assembled in the stack 2. 
contacts T and 8 may be carried respectively 

by the bimetallic strip and spring ' near 
their free extremities, and the strip-spring Spact 
ing arrangement comprising Screw 2 etc. may 
be employed, all in analogy to the Figure 1 con 
struction. An alternative armature arrange 
ment is employed, however. This may comprise 
a lug ib' folded downwardly from one side of 
the free end portion of the spring (in Figure 
3, the rear side, so that the lug appears behind 
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the contact 8), and the armature 6' may be 
secured to the outer (in Figure 3, the rear side 
of the lug lib'. 

Longitudinally straddling the armature there 
may be provided within the envelope or recep 
tacle 40 an internal magnetic circuit adapted 
to be magnetically energized by means herein 
after described. This structure may comprise 
two "collector' rings 60 of magnetic material, 
each in the form of an almost closed letter C, 
excepting that it may be flattened over a minor 
circumferential portion 6f diametrically opposite 

its point of discontinuity. These rings 
may be resilient and biased to expand so as to 
cling to the interior wall of the envelope 40. 
The flattened portions 6 of the two rings may be 
extended toward but not fully into contact with 
each other (in Figure 3, behind the armature 
A 6'), a gap 62 being formed therebetween. The 
ends of the portions 6 immediately to each side 
of this gap are disposed parallel and close to the 
outer surface of the armature 6': To render 
the collector-ring structure an integral one, the 
portions 6 may be bridged by a small plate 63 
of non-magnetic material secured to the outer 
surface of each. 
To energize the magnetic circuit there may 

be employed a coil 64 surrounding and co-axial 
with the envelope 40, and preferably extending 
longitudinally thereof for at least the length of 
and in juxtaposition to the internal collector 
ring structure just described. Preferably this 
coil will be clad with a casing 65 of magnetic ma 
terial, over its Outer and end Surfaces, and Over 
its inner surface excepting for a central gap 66 
approximately coinciding longitudinally with 
the spacing between the Imain portions of the 
collector rings 60; the inside surface of this cas 
ing will preferably fit as snugly as possible over 
the envelope 40. It will be understood that the 
function of the casing is to concentrate the fleld 
of the coil across the gap 66, while the function 
of the internal collector-ring structure is to coi 
lect the so-concentrated field and further con 
centrate it across the internal gap 62. It will 
further be understood that when the coil 64 is 
electrically energized, the resulting magnetic 
excitation of the gap 62 will serve to attract the 
armature 6' into contact with the adjacent inner 
surfaces of the flattened ring portions 6, to 
frictionally engage the latter. This arnature 
movement is permitted by flexing of the lead-in 
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wires 42 and 43, the whole structure of stack 2 
and strip and spring indulging integrally 
in the movement, which of course is at right 
angles to the contact-influencing movements of 
strip and spring (e. g., is rearward in Figure 3) ; 
those lead-in wires are made of resilient mate 
rial, and are biased to normally maintain the 
structure just mentioned in such position that 
armature 6' is normally just dependably free of 
contact with the portions. 61 to which it is at 
tracted upon the energization abovementioned. 
The coil 64 may be energized concomitantly 

with the energization of the electro-thernal de 
vice -3. By way of example, one of the coil 
terminals and the lead-in wire 44 (for winding 
3) have been shown connected to a first terminal 
of the current source 5, while the other coil 
terminal and the lead-in wire 45 have been shown 
connected thru respective switches 04' and 4 
to the second terminal of the current source 5; 
if the switches be unicontrolled (as indicated by 
the tie 204), coil 64 and winding 3 will be ener 
gized in parallel. Subject to such distinctions 
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as are obviously implicit in the special descrip 
tion presented for this embodiment, its operation 
is of course identical with that of the Figure 1 
system, and special consideration of its opera 
tion seems therefore unnecessary. There may 
be noted, however, the extreme simplicity and 
compactness of the relay for One which includes 
electromagnetic action for the engaging or 
clutching function, and its enclosed nature-all 
made practicable by the employment of the 
principles of my invention more broadly disclosed 
in connection with the first embodiment. 

Finally, in Figure 6, I have illustrated what I 
believe to be the preferred form of my inven 
tion when a vacuum-type construction is to be 
employed. This uses the not-wire arrange 
ment illustrated in Figure 2, thereby obviating 
the necessity for recourse to magnetic structures 
partially within and partially without the sealed 
envelope. By way of example, I have shown the 
hot-wire arrangement embodied with the nor 
mally open contact arrangement of Figure 1. 
Four lead-in wires 7, 72, 3 and T4 have been 
shown passing inwardly through the seal 4t. 
As shown, the top element assembled in the 
stack 2 is the spring f, to which the wire T 
may be welded; the next element assembled in 
the stack is a lug 82 forming a first terminal for 
the heater winding 3, and to which the wire 72 
is welded; the next element is the bimetallic 
strip , to which wire 73 is welded; the next 
element is the lug 47, forming the top anchorage 
for the wire 57 and, if a series arrangement of 
winding and wire is desired, the second terminal 
for the heater winding 3; and the last element 
is the lug 48, forming the bottom anchorage for 
the wire 57, and to which the lead-in wire 74 is 
welded. 
The internal structure is otherwise believed 

sufficiently described as the spring, strip, heater, 
contact and relation-maintaining-means assem 
bly of Figure 1, with the engaging or coupling 
structure of Figure 2. Externally the terminals 
72 and 74 may be connected in a series circuit 
with the source 5 and switch 4' for joint energi 
zation of the heater winding and wire 57; and 
the terminals 7 and 73 may be connected in a 
series circuit with the source 2' and load 22, for 
current supply to the load at the end of the pre 
determined time interval after any closure of 
switch 4'-as in other cases, substantially inde 
pendent of the past history of the use of the 
System. 
There have been made apparent many broad 

features which are generic to the several dis 
closed embodiments of my invention and to other 
variationis thereof which Will suggest themselves. 
Among such features it may be noted that in 
each of the disclosed embodiments the bimetallic 
arm and the spring or , with their re 
spective contacts, may be taken as constituting 
a control device, in which the arm and spring 
jointly form means which operate that device in 
response to joint or concomitant energization of 
the electro-thermal and coupling devices. 
While in disclosing the various embodiments 

of my invention I have shown and described si 
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multaneous energizations of the energy-storing 
(or electro-thermal) and coupling devices, cer 
tain aspects of my invention are not necessarily 
limited to this feature. Thus the energization 
of the coupling device during energization of the 
storing device is a particular case of coupling 
device operation during change of energy con 
tent or temperature of the storing or electro 
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5 
thermal device, and various aspects of my in 
vention embrace the latter. For certain purposes 
the energizations of the two devices may be sep 
arately controlled. The incorporation of the Sep 
arate-control feature in any of the embodiments 
of my invention has been Schematically illus 
trated by way of example in Figure 3, by the sep 
arate Switches 4 and 04' which may obviously 
be independently operated without the tie 204 
therebetween. In such a case broadly, the final 
control means (e.g., 7-8) will be operated when, 
during any period of coupling-device energiza 
tion, the energy Supplied to the Storing (e. g., 
electro-thermal) device less any losses there 
from (whether the latter energy supply be con 
tinuous or intermittent) has reached a predeter 
mined value. The Switches 04' and 4' will of 
course respectively control the coupling device 
and the energy Supply to the storing means ap 
propriately to the ultimate control function to 
be performed by the System. 
While I have disclosed my invention in terms 

of particular embodiments thereof, I do not in 
tend any unnecessary limitations of its broader 
aspects by virtue of the details of those em 
bodiments, which may obviously be varied with 
in wide limits without departure from the spirit 
of the invention, or from its scope as expressed 
in the appended claims. 

I claim: 
1. A control system comprising, in combina 

tion, an energy-storing device positionally re 
sponsive to its own energy content; control means 
comprising coacting movable control members 
normally maintained in predetermined mutual 
relationship, said energy-storing device being as 
sociated with one of said control members to 
move the same; means operable to clutch the 
other of said members without interfering with 
the operating movement of the first member; 
and means for simultaneously varying the energy 
content of said energy-storing device and oper 
ating said clutching means. 

2. A control system comprising, in combina 
tion, an electro-thermal device; control means 
comprising coacting movable control members 
normally maintained in predetermined mutual 

- relationship, said electro-thermal device being 
associated with one of said control members to 
move the same; means operable to clutch the 
other of said members without interfering with 
the operating movement of the first member; 
and means for simultaneously supplying current 
to said electro-thermal device and operating said 
clutching means. 

3. A control system comprising, in combina 
tion, an energy-storing device positionally re 
sponsive to its own energy content; control means 
comprising coacting movable control members, 
a first of said members being moved by said en 
ergy-storing device and the second of said mem 
bers being normally maintained in predetermined 
relationship thereto; clutch means actuable to 
maintain stationary said second member With 
out interfering with the movement of the first 
member; and means for simultaneously vary 
ing the energy content of said energy-storing de 
vice and actuating said clutch means. 

4. A control system comprising, in combina 
tion, a bimetallic switch member; a cooperating 
switch member arranged for movement normal 
ly in predetermined relationship to said bime 
tallic switch member; means operable to clutch 
said cooperating switch member without inter 
fering with the operating movement of said bi 
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metallic Switch member; and means for simul 
taneously heating said bimetallic switch member 
and operating said clutching means. 

5. A control system comprising, in combination, 
coacting control members; a device positionally 
responsive to its own energy content for mov 
ing a first of Said members; means normally 
maintaining a predetermined mutual relation 
ship of said members independent of the level of 
said energy content; and means operable dur 
ing change of the energy content of said de 
vice, and associated with and influencing the sec 
Ond of said members, for rendering said main 
taining means inoperative. 

6. A control system comprising, in combina 
tion, coacting control members; a thermal de 
vice adapted to move a first of said members in 
accordance with change of the temperature of 
said device; means normally maintaining a pre 
determined mutual relationship of said members 
independent of the temperature of said device; 
and means operable during change of the tem 
perature of Said device, and associated with and 
influencing the second of said members, for ren 
dering said maintaining means inoperative. 

7. A control System comprising, in combina 
tion, a control device including two coacting con 
trol members normally having a predetermined 
mutual relationship, whereby said control de 
vice has a predetermined normal condition from 
which it is operable by departure of said mem 
bers from said predetermined mutual relation 
ship; means energizable to operate said control 
device, including an electro-thermal device as 
sociated with and influencing one of said mem 
bers; and means, associated with and influencing 
the other of said members and rendered effective 
by the deemergization of said operating means, 
for Substantially instantaneously restoring said 
control device to said predetermined normal con 
dition. 

8. In a control system, including coacting con 
trol members normally jointly moved, and oper 
able by relative movement of said members: the 
combination of an electrically energizable ther 
mal device for moving a first of said members, 
and electrically energizable clutch means for re 
taining the second of said members from joint 
movement with the first, said thermal device and 
retaining means being electrically interassociated 
for concomitant energization. 

9. In a control system, including coacting con 
trol members normally jointly moved, and oper 
able by relative movement of said members: the 
combination of electrically operable means for 
frictionally engaging one of said members; and 
a thermal movement-effecting device whose 
temperature may be changed while said engaging 
means is operated, for moving the other of said 
members. v 

10. In a control system, including coacting 
control members normally jointly moved, and 
operable by relative novement of said members: 
the combination of a thermal device for moving 
one of Said members in accordance with change 
of the temperature of said device; and mechani 
cal engaging means, electrically operable during 
change of the temperature of said device, for 
rendering stationary the other of said members. 

11. In a control system including a control de 
vice which comprises two control members nor 
mally, having a predetermined mutual relation 
ship and which is adapted to be operated by rela 
tive movement of said members: the combina 
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tion of an electrically energizable thermal de 
vice and an electrically energizable mechanical 
coupling device, each associated with and adapt 
ed to influence a respective one of said members, 
and operating means in said control device re 
Sponsive only to concomitant energizations of 
Said thermal and coupling devices. " 

12. In a control System including a control de 
vice which comprises two control members nor 
mally having a predetermined mutual relation 
ship and which is adapted to be operated by rela 
tive movement of said members: the combina 
tion of an electrically energizable thermal de 
vice and an electrically energizable mechanical 
Coupling device, and operating means in said 
control device responsive only to concomitant 
energizations of said thermal and coupling de 
Vices, respective portions of said operating 
means being associated with and influencing each 
of Said members. 

13. Means for operating a control device of 
the type which includes movable members nor 
mally jointly moved, comprising, in combination, 
electrically operable means for engaging one of 
said members; and electro-thermal means, en 
ergized concomitantly with the operation of said 
engaging means, for moving the other member 
relative to the engaged member. 

14. Means for operating a control device of 
the type which includes cooperating movable 
members normally jointly moved, comprising, in 
combination, an electro-thermal element and 
electrically operable mechanical engaging means, 
Said element and engaging means being associ 
ated with and influencing said members respec 
tively. 

15. In a thermally operated control device in 
cluding cooperating control members, a clutch 
adapted to engage one of said members and 
comprising as its operating element an electro 
thermal device. 

16. In a thermally operated control device in 
cluding cooperating control members, a clutch 
adapted to engage one of said members and 
comprising as its operating element a wire 
adapted to be elongated by the passage of a cur 
rent therethrough. 

5 5 

60 

O 

7. In a thermally operated control device in 
cluding cooperating control members, mechani 
cal coupling means adapted to engage one of 
Said members and comprising two elements of 
which one is biased into engagement with the 
other, and electro-thermal means normally 
maintaining said one element out of such en 
gagement but heatable to release said one ele 
ment sufficiently for such engagement. 

18. In a control System including coacting con 
trol members and an electro-thermal device en 
ergizable to move one of said members: the 
combination of means normally' maintaining a 
predetermined mutual relationship of said 
members; and means, including a second electro 
thermal device, for rendering said maintaining 
means inoperative when said moving means is 
energized. 

19. Means for operating a control device of 
the type which includes cooperating movable 
members normally jointly moved, comprising, in 
combination, a thermal movement-effecting ele 
ment and electrically operable mechanical en 
gaging means, said element and engaging means 
being associated with and influencing said mem 
bers respectively. 
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