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CONTROL DEVICE 
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poration of Wisconsin 
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23 Claims. 

This invention relates to control devices but 
more particularly to automatic control devices 
for use in air conditioning systems. 

It is the usual practice in air conditioning 
systems to provide a heating plant for Warming 
the air in a space and in Some cases to provide 
means for circulating the heated air. In Order 
to control the heating plant within certain limits 
and to maintain the space at a comfortable tem 
perature Some form of room thernostatic Con 
trol device is usually provided to regulate the 
generation of heat. To further insure greater 
unifornity of temperature and to safeguard 
against excessive temperature in the heating 
plant, it has been customary to supplement the 
room thermostat with a further control device 
arranged to respond directly to the heating plant 
and commonly called a limit control. This limit 
control may be located on the Warm air duct or 
the bonnet of a warm air furnace. It is likewise 
desirable that the heated air be forced or 
circulated to the Space to be heated and the 
control device in another of its applications func 
tions to prevent the air being circulated until 
it reaches a predetermined temperature. 
The present invention is concerned with an 

automatic control device which is arranged to 
respond to the various temperature changes of 
an air conditioning System, and the principal 
object is to provide an improved control device 
for the aforesaid purpose which will function to 
regulate the air conditioning System in a more 
reliable and Satisfactory manner. 
A further object is to provide an automatic 

control device which is extremely sensitive to 
temperature changes and also accurate and re 
liable in operation. 

It is an object of the invention to provide a 
thermostatic control device in which improved 
can means are provided for actuating the 
SWitching mechanism, together with simple 
neans for adjusting the temperature Setting and 
differential operation of the cams. 
Another object is to provide an improved 

switching mechanism in a control device where 
by Snap actuation of the Switch mechanism is 
obtained. 
An additional object is to provide improved 

cam means whereby the bi-metallic element is 
permitted to freely continue to move in a certain 
direction after the cams have actuated the 
switching mechanism, thereby preventing strain 
upon the element. 
An additional object is to provide a control 

device having a more simplified and accurate 
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adjusting means for regulating the response of 
the device. 
Other objects and advantages of the control 

device reside in certain novel features of Con 
struction, arrangement and combination of the 
various parts which will be hereinafter more 
fully described and particularly pointed out in 
the appended claims. 
While it has been pointed out that the in 

vention is applicable as a limit control for the 
protection of heating plants and also to control 
the circulation of air in air conditioning sys 
tems, it is also adaptable for use as an Operative 
control for motors, valves, etc. 
A preferred form of the invention is illustrated 

in the accompanying drawings in Which: 
Fig. 1 is a perspective view of the complete 

control device; 
Fig. 2 is a ful size plan view of the device 

with the cover removed and SWitching mecha 
nism is closed position; 

Fig. 3 is a cross-sectional side view along the 
line 3-3 of Fig. 2 to show the operating mecha 
nisin; 

Fig. 4 is a side view with the cover in Section 
and a portion cut along the line 4-4 of Fig. 2 
to show the Switching mechanism; 

Fig. 5 is a cross-sectional view of the universal 
mounting arrangement of the control device; 

Fig. 6 is a view of certain of the elements in 
extended relationship; and 

Fig. 7 is a rear view of the switching mecha 
nism in its open position. 
The control device consists essentially of a 

flat metal mounting plate 9 having a bracket 
attached to its lower end by rivets and which 
is provided with an opening therein for the ac 
commondation of a rubber grommet 2 or alter 
natively for the attachment of a conduit whereby 
the lead-in Wires for the control device may be 
extended to the SWitching mechanism located 
within the device. An elongated Supporting tube 
3, Fig. 3, is attached at one end to the rear 

side of the mounting plate 9 by staking over 
projections 4 on the tube, and at its other end 
has a U-shaped bracket 15 fastened. to it by 
rivets 6. A condition responsive means dis 
closed here as a spiral bi-metallic element 
which inherently has the characteristic of ex 
panding and contracting when subjected to tem 
perature changes, is attached at One end to the 
bracket 5 by a screw 8. The other end of the 
thernostatic element f is attached by a screw 
9 to a flat end 2 of a relatively long operating 
rod 22 as shown in Fig. 1. This rod 22 extends 



2 
through the center of the bi-metallic element 
7, the bracket S, the tube 8, and to the front 

side of the mounting plate 9. A washer 23 
bearing against the bracket 5 and a cotter pin 
24 in the rod 22, prevents longitudinal forward 
movement of the rod. The surfaces surrounding 
the openings for the rod in the mounting plate 9 
and the bracket f6, serve as bearings for the 
rod 22 when it is subjected to rotation. 
In order to support the control device as a 

unit in its proper position a universal mounting 
flange 25 is provided for it as shown in Figs. 1 
and 5. An opening of sufficient size is first cut 
in the bonnet or warm air duct of a heating 
plant (not shown) to which the control may be 
attached, and the flange 25 consisting of two 
similar halves held together by rivets 26 is at 
tached to the surface surrounding the opening 
by means of sheet metal screws entering the holes 
27 arranged near the periphery of the flange 25. 
A supporting collar 28 is journaled between the 
halves of the flange 25 as best seen in Fig. 5 
and is provided with a set screw 29. After in 
serting the tube f3 through the collar 28 the 
desired distance, the collar may be locked in 
place on the tube f3 by the screw 29. A pair of 
holding screws 3 and 32 are provided on the 
flange 25 and engage the collar 28 in order to 
lock the control unit horizontally in place upon 
the collar 28 at any particular angle at which 
the flange may be supported as indicated by the 
dotted lines in Fig. 5. 
A protective dust tight enclosure or cover 33 

preferably made of some molded plastic insula 
tion material, is provided for the control unit. 
It has a ledge around it which embraces the edges 
of the mounting plate 9 and at its bottom end 
has an opening the edges of which engage the 
conduit bracket O so that the cover may be 
easily slid off and on from the plate 9. In order 
that the cover 33 may be securely but removably 
held on to the mounting plate 9 a pair of holding 
screws 34 and 35 are Supported by lugs 36 and 
37 on the plate 9 and are arranged so that their 
heads engage recessed slots 38 in the cover 33. 
The front of the cover 33 has an ornamental 
name plate 39 suitably attached thereto as by 
rivets 4. The name plate 39 has an opening 
therein and another opening is made in the cover 
33, which openings are closed by a window 42 so 
that scale readings of the instrument may be 
clearly visible from the outside. A pointer 43 
rigidly supported on the rear side of cover 33 is 
also in a position to be visible through the 
window A2. 
The operating cam assembly for actuating the 

Switching mechanism will now be pointed out 
with particular reference to Figs. 3 and 6. A 
hollow hub member 44 into which the end of 
the rod 22 extends is securely but removably 
held thereto by the set screws 45 and 46 extend 
ing into recesses 4 in the rod 22 so that the 
complete unit may be first assembled and then 
Secured to the rod in any particular rotary posi 
tion. A small clearance between the hub 44 and 
the mounting plate 9 must be provided in order 
that the rod 22 may shift when the bi-metallic 
element expands and contracts. A limit wash 
er 48 is rigidly secured to a shoulder 49 on the 
hub 44 as by a staking operation and a shaft 5 
integral with the hub 44 extends from one end 
thereof upon which the remaining elements of 
the assembly are loosely supported. Friction 
means comprising a paper washer 52 and a cork 
or fiber composition washer 53 are placed upon 
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22,131 
the shaft 5 after which an "off' cam member or 
disc 5 is arranged upon the shaft. The 'off' 
cam 54 has an operating can surface 55 formed 
on its periphery and also an adjusting arm 56 
having a pointer 5 at its end, the purposes of 
which will be hereinafter pointed out. The fore 
going elements are yieldingly clamped together 
and their relationship is such that when the 
"off' cam discs 54 is manually rotated about the 
shaft 5 in making an adjustment, the friction 
washers 52 and 53 effect a sliding rotative move 
ment either against the side of the limit washer 
48 or the can 54. In this manner the "off' cam 
may be rotatably positioned to any desired point 
and frictionally held in its set position to enable 
it to perform its required function. 
The next group of elements placed upon the 

shaft 5 in the order named are friction means 
comprising the paper washer 58 and composition 
washer 59, and an "on' cam disc 6 which is 
provided with a slotted opening having a cam 
surface 62 thereon and an adjusting arm 63 hav 
ing a pointer 64 at its end. As with the “off' 
can 54, the "on' cam 6 is adapted to be manu 
ally and forcedly positioned to effect an adjust 
ment which is accomplished by turning it against 
the friction of the friction washers 58 and 59. 
This effects a sliding movement of the friction 
means against the side of the “off' can 54, which 
of course must be manually restrained to keep it 
from turning at this time. With the foregoing 
arrangement it is seen that the setting of each 
cam can be conveniently varied independently 
of the other. While the paper washers 52 and 
58 have been shown as positioned adjacent the 
Composition Washer 53 and 59 to form the fric 
tion means they are only necessary to prevent 
sticking of the cams which may occur through 
long disuse of the adjustment. The paper wash 
ers may be dispensed with entirely and only a 
composition washer used provided it is made of a 
material which will not stick or bind the cams. 
A thin metal bearing washer 65, a relatively 

strong compression coil spring 66, and a scale 
plate 6 having a calibrated scale 68 thereon are 
next placed in their respective order upon the 
shaft 5i. The scale plate 67 is securely and 
rigidly staked to a turned over portion 69 of the 
shaft 5 so that the coil spring 66 can exert its 
full force against all of the elements between it 
and the limit washer 48 and thereby clamp them 
together in frictional engagement as has been 
pointed out. This permits the hub 44 to impart 
rotary movement to the can discs 54 and 6. 
With the elements in their assembled relation 
ship the pointers 57 and 64 project forward to 
the front face of scale plate 67 and indicate a 
certain reading on the calibrated scale 68, de 
pending upon their setting, the “off' can ind 
cating the temperature at which the switching 
mechanism will open a circuit and the “on' cam 
indicating the temperature at which the switch 
closes the circuit. 

Since the scale plate 67 is rigidly secured to 
the hub 44 the scale 68 rotates past the fixed 
pointer 43 to indicate the temperature surround 
ing the element T. As the "off' cam 54 and the 
"on' cam 6 are carried along with the hub 44 
their cam surfaces 55 and 62 as well as the ad 
justable pointers 5 and 64 are likewise rotated 
by the element f. 

Extending into the circular slot in the “on' 
can 6 and placed in a position to be acted upon 
by the cam surfaces 55 and 62 is an operable 
element in the form of a roller member 72, Fig. 2. 



22,131 
This roller T2 is supported freely on a bearing 
pin 3 (see Fig. 3) which is fastened to the end 
of an operating arm 74 formed from a flat piece 
of metal bent into a U-shape to render it more 
rigid. At its lower end the operating arm 
is fastened by rivets T5 to a pivoted bracket T6. 
This bracket 76 has an extension member into 
the end of which an adjusting screw 18 extends 
and threads into the side of the operating arm 

(see Figs. 2 and 7). By turning the adjust 
ing screw 78 the relative positions of the operat 
ing arm 74 and the extension member 7 may be 
conveniently adjusted. The bracket 6 is pivoted 
for rotation upon a pivot pin 9 One end of which 
is fastened securely in a supporting stud 8 by a 
set screw 82 threaded into the stud. The Sup 
porting stud 8 in turn is fastened to the mount 
ing plate 9 by staking a turned over portion of 
the stud to the plate. The other end of the 
pivot pin 79 has a slot 83 cut into it, Fig. 4, 
through which one end of a small tensioned coll 
spring 84 wound around the pin 79 extends. 
The other end of the spring 8 engages the side 
of the pivoted bracket 76 so that the spring nor 
mally tends to exert a slight, pressure in a clock 
wise direction, Fig. 2, upon the operating arm 4. 
The proper amount of tension in the spring 84 
may be conveniently applied to it by loosening 
the set screw 82 from the pivot pin 9, turning 
the pin by applying a screw driver to its slotted 
end 83, and then tightening the set screw 82. 
The means for actually controlling the physi 

cal condition to which the control device re 
sponds is here shown in the form of a switching 
mechanism which controls the circuit of some 
air conditioning device. The movable portion of 
this switching mechanism is carried by the piv 
oted bracket 76. One end of a resilient Switch. 
operating arm 85 is fastened to the bracket 76 
by the rivets 75, and the other end is suitably 
fastened to an insulating block 86 which carries 
a stop member 87. The stop member 8 is adapt 
ed to be engaged by the end of a stiff stop arm 
88 which is secured by the rivets 5 to the 
bracket 76 alongside of the resilient operating 
arm 85. The purpose of this stop arm 88 Will be 
pointed out hereinafter. A rigid bar 89 is pro 
vided with a pair of turned up ear portions that 
are secured on each side of the insulation block 
86 to a pivot pin 9 extending through the block 
in such a manner as to permit free swinging 
movement of the movable portion of the switch 
ing mechanism. The rigid bar 89 supports a 
flexible bar 92 and an iron arnature 93 by means 
of rivets 94 attached at the midportions of these 
elements. The extreme ends of the flexible bar 
92 carry a pair of movable control elements 
shown here as electrical contact points 95 and 96. 
The stationary portion of the switching mech 

anism is supported upon an insulating terminal 
block 97 which is secured to the mounting plate 
9 by screws 98 threaded from the rear, thereof. 
An insulating plate 99 is interposed between the 
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terminal block 97 and mounting plate 9 to fur 
ther electrically isolate the switching mechanism 
from the plate 9. A pair of terminal plates 
and O2 are imbedded on each end of the termi 
nal block 97 and are attached to it by holding 
screws fo3 and 04 at the top of the block. At 
the front of the block terminal screws 5 and 
06 for the attachment of the connecting wires 
(not shown), are threaded into the terminal 
plates of and 2. An auxiliary pair of terminal 
screws foll threaded into the block 97 may be 
used for the attachment of wires which are not 
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directly associated with the switching mecha 
nism. The terminal plates 0 and 102 also 
carry adjustable contact studs and 09 which 
are threaded into the plates and have fixed con 
trol elements shown here as contact points 
and 12 attached to the top ends thereof in a 
position directly Opposite and in operative relar 
tion to the set of movable contact points 9S and 
96. Situated in the insulating block 9 between 
the contact studs 08 and 09 is a permanent 
magnet 3 which is secured in a recess in the 
block by clamping plate and clamping screw 
lfs, Fig. 7. The magnet 3 is arranged in po 
sition so as to exert its magnetic influence upon 
the arnature 93 when the switching mechanism 
is closed as shown in Fig. 2, and the gap between 
these elements may readily be adjusted by turn 
ing either of the studs 08 and OS until the 
proper Separation is arrived at. With the con 
tacts closed the stop bar 89 prevents the actual 
engagement of the armature with the magnet. 
After the contacts 08 and 109 have been ad 

justed to give the desired clearance between the 
arnature 93 and the magnet 3, the calibrating 
Screw 8 is then adjusted to cause the roller 72 
to almost engage the cam surface 16 with the 
contacts in closed position. The coil spring 84 
keeps the resilient arm 85 slightly bowed al 
though the roller 2 is not in direct engagement 
with the can surface 6. 

In pointing out the detailed operation of the 
control device assume that the device in its nor 
mal operation has closed the switching or control 
mechanism and that the bi-metallic element 
is Subjected to a temperature value such that the 
Scale plate 68 is rotated to a position opposite the 
fixed pointer 43 to indicate a reading of approxi 
mately 257 degrees as shown in Fig. 2. The op 
erable roller element 2 in this case will be in a 
position midway between the two cam surfaces 
55 and 62 and in the path of the cam 55 as 
shown, and since the closing of the switching 
mechanism has caused the generation of more 
heat for example, the bi-metallic element T will 
follow the temperature rise and tortionally ro 
tate the can assembly in a counter-clockwise di 
rection. As this movement continues the fixed 
pointer 3 eventually indicates a temperature 
of 305 degrees (the "off" pointer setting) on the 
scale 68 and the cam surface 55 thereupon en 
gages the roller 72 and forces it outward thiere 
by rotating the operating arm 74 clock-wise 
about its pivot 79. The operating arm as a re 
Sult Operates the Switching mechanism to open 
the contacts with a snap action into the posi 
tion illustrated in Fig. 7. This opening snap ac 
tion is somewhat assisted by the coil spring 84 
which now maintains the roller T2 outward in 
the path of movement of the cam 62. From the 
foregoing it is seen that the fixed pointer 43 di 
rectly indicates to an observer the temperature 
Surrounding the bi-metallic element T at tic 
particular noment the observation is made, be 
cause the scale 68 is directly moved by the ele 
ment in front of the pointer. The observer can 
also note at the same time by the positions of 
the "off' and "on' cam pointers at what tem 
perature the control device is set to cut the 
switching mechanism in or out and how close 
to either of these positions the temperature is 
at the particular moment. 
Considering now in detail the action of the 

Switching mechanism itself when it functions to 
Open the contacts, the bracket 6 in its clock 
wise movement moves one end of the resilient 



4. 
operating arm 85 and since its other end is at 
tached to the insulating block 86 a slight rota 
tion is initially effected about pivot pin 9 as 
tension is gradually stored in the resilient arm 
85. At this time, due to the holding force of the 
magnet on the armature, initial clock-wise 
movement of the actuating arm 4 will not re 
sult in immediate opening of the contacts. In 
stead, the resilient arm 85 will merely become 
stressed and bow as a result of this stress. Fi 
nally, as clock-wise rotation of the actuating 
arm continues it will reach a Switch opening po 
sition in which the stress on the flexible arm 
overbalances the pull of magnet 3 on arma 
ture 94, at which time the movable contacts 95 
and 96 are separated from the fixed contacts fill 
and 2 with a snap action. The actual contact 
separation however, does not take place until a 
time shortly after the balance of force between 
the resilient arm and the magnet has been 
passed. This is obtained by the flexure of the 
fiexible arm 92 maintaining the contacts closed 
as the rigid stop bar 89 noves away from the 
rear of the movable contacts. Coil spring 84 con 
tributes somewhat to the Snap action of the con 
tacts in addition to maintaining the switching 
mechanism in its now opened position. Prior to 
the separation of the contacts the action of the 
resilient operating arm 85 in its flexure also 
moves the pivot 9 by shortening the radius be 
tween the pin 9 and pin T9, carrying the Switch 
ing mechanism so that a slight wiping action in 
a longitudinal direction is effected between the 
contact surfaces to maintain them bright and 
clean. Should there be any tendency for then 
to stick together or to weld slightly the resilient 
arm effects a greater flexure until the contacts 
separate. Under such conditions the rigid bar 
88 may engage the stop member 87 to effect a 
greater prying action upon the contacts if this 
is necessary to separate them. 
The opening of the contacts causes an abate 

ment of the heat to which the bi-metallic ele 
ment T is subjected, and as a result it gradually 
cools and rotates the can assembly back in a 
clock-wise direction until the fixed pointer 3 
eventually indicates a temperature of 195 de 
grees (the 'on' pointer setting) on the scale 68 
and the can surface 62 thereupon engages roller 
72 to forcibly move arm 74 in a counter-clock 
wise direction about pivot T9 to close the switch 
ing mechanism with a snap action. In this 
switch closing operation the resilient operating 
arm 85 moves the switching mechanism towards 
closed position and as the armature 93 gradually 
comes within the magnetic influence of the mag 
net 3 the pull rapidly increases until the oper 
ating arm 85 effects a slight bow or arch in its 
length and moves away from the end of the rigid 
arm 89, whereupon the moving contacts engage 
the fixed contacts with a snap action. The stop 
bar 89 then engages the rear side of the movable 
contacts to hold them firmly in engagement so 
that the Switch is not affected by vibration or 
other disturbances and at the same time it pre 
vents the actual engagement of the armature 
with the magnet. The flexible bar 92 is slightly 
bowed at this time so that a small wiping action 
takes place upon engagement of the contacts be 
fore the stop bar 89 engages the rear of the mov 
able contacts and in addition this flexure of the 
flexible bar 92 minimizes the possibility of the 
contacts effecting a "bouncing' action due to in 
pact upon their engagement. 

It will be noted that during switch opening 
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22,131 
movement of the operating aim, the resilient 
arm 85 must become bowed out of its normal 
shape as stress is stored therein, and that f 
nally the actuating arm 4 reaches a switch 
opening position at which the stress on the re 
silient arm overcomes the holding force of the 
magnet at which time the contacts open with 
Snap action. The stress on the resilient arm 85 
is now relieved due to the armature now being 
out of the influence of the magnet and this arm 
therefore straightens out to its normal shape. 
Now, upon movement of the actuating arm 74 in 
the reverse direction for closing the switch, due 
to the straightening out of resilient arm 85, the 
actuating arm 74 must be moved a substantial 
distance beyond its Switch opening position be 
fore it reaches a Switch closing position wherein 
the armature rpproaches the magnet sufficiently 
to cause closure of the contacts. The resilient 
arm 85 in cooperation with the magnet and ar 
nature thus provide a switch in which the actu 
ating arm or member T4 has a definite switch 
opening position and a definite switch closing 
position, these positions being substantially 
Spaced apart. 
The detailed structure and operation of the 

can discs 54 and 6 and their control over the 
roller 2 will now be pointed out more specif 
cally with particular reference to Figs. 2 and 6. 
The can disc 54 is provided with a lower retain 
ing surface 6 which extends from the cam sur 
face 55 around to the opposite side of the disc 
where indicator arm 56 is attached. A higher 
retaining surface f l is also provided extending 
in the opposite direction from the cam surface 
55 and around to arm 56. The other cam disc 
6 is provided with a retaining surface 8 co 
inciding with the retaining surface 6 of cam 
disc 5. In addition, this disc has an inner re 
taining surface 9 and an outer retaining sur 
face 20 which extend, in opposite directions 
from the can surface 62. 
When he switching mechanism is in its closed 

position the magnet 3 holds the switch closed 
against the tension of spring 84 and thereby 
holds the roller T2 near the lower retaining sur 
face 6 of the disc 54. As the cam 54 is ro 
tated the roller 72 moves along the lower re 
taining surface 6 until the cam surface 55 en 
gages the roller and opens the switch contacts. 
After the switch has been opened by means of 
the cam surface 55, the spring 84 holds the 
Switch open, and also holds the roller T2 against 
the outer retaining surface 20 of the cam disc 
6 until the cam surface 62 engages the roller 
and closes the switch. If the temperature con 
tinues to fall after the switch has been closed 
by can surface 62 engaging roller T2 the roller 
can ride along the lower retaining surface is 
of cam disc 54 without interference by the inner 
retaining surface 9 of cam disc 61. In case 
however, should the temperature continue to 
rise after the cam surface 55 engages the roller 
to open the switch, the roller can ride along the 
Outer retaining surface 20 of cam disc 6 with 
out interference by the higher retaining surface 

of cam disc 54. By arranging the cam sur 
faces in the manner pointed out they act as a 
Strain release to prevent the bi-metal element 
from being unduly strained when subjected to 
any temperature conditions and at the same 
time permit the bi-metal to actuate the switch 
to open and closed positions at predetermined 
definite temperatures. It should be noted that 
the Switch cannot be opened when the roller is 
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between retaining surfaces 6 and 9, and 
neither can the switch be closed when the roller 
is between retaining surfaces and 20. In 
other words, the switch can only be opened or 
closed when the roller is between the retaining 
surfaces f and 20. 

In order that the minimum differential set 
tling of the cams may be accurately adjusted so 
that the can surfaces 55 and 62 will permit the 
roller 72 to freely pass from one surface to the 
other without binding the same, the adjusting 
arm 56 is provided with an eccentric cam 12 
which may be adjusted by turning its holding 
screw so as to provide a variable separation of 
the engaging surfaces between the cam 2 and 
a turned up portion f22 of the adjusting arm 63. 
In this position the pointers 57 and 64 can be 
moved to their minimum range of adjustment 
and still enable the roller 72 to be freely con 
trolled or operated in either direction of move 
ment. 
With the switching mechanism in the closed 

position the rigid bar 89 and the flexible bar 
92 form an electrical bridge circuit path which 
extends from a conductor (not shown), attached 
to terminal screw 05, terminal plate Oil, stud 
08, fixed and movable contacts i? and 95, 
through the bridge bars, movable and fixed con 
tacts 96 and ff2, stud 09, terminal plate 102, to 
terminal screw 06 and then to a conductor (not 
shown) attached thereto. It will thus be seen 
that the movement of the rigid and flexible bars 
in unbridging the contacts interrupts the afore 
said series circuit path and as the bars are piv 
oted at 9 to the insulated block 86 either one 
of the set of closed contacts can be opened while 
the other remains closed, and the circuit path 
will be positively opened. The strength of the 
magnet 3 and spring 84 are such that the con 
trol device will function properly regardless of 
the position in which the control is mounted. 
The control device has been disclosed as one in 

which the bi-metallic element 7 is arranged 
to open the switch contacts when the element 
is subjected to a rise in temperature. In case it 
is desired to close the contacts upon a tempera 
ture rise the bi-metallic element must be re 
placed by a different one in which the active 
and inactive portions of the bi-metal are re 
Versed with respect to each other. 
From the foregoing description it is seen that 

the control device disclosed presents numerous 
desirable advantages and while only a specific 
embodiment of the same has been shown it will 
be readilly apparent that minor modifications of 
the same may be made by those skilled in the 
art without departing from the spirit of the in 
vention, and it is therefore desired that the in 
vention be not limited to the specific disclosure 
but only to the extent of the appended claims. 
What is claimed is: 
1. A control device comprising, a hub member, 

means for operating the hub member, a pair of 
can members mounted on the hub member, 
switch operating means, means responsive to the 
operation of one of the cam members for actu 
atting the switch operating means in one direction 
and responsive to the operation of the other cam 
member for actuating the switch operating 
means in the other direction, an adjusting arm 
on each can member for independently varying 
the switch actuating means of the cam members 
with respect to the hub member, and adjustable 
cooperating means on the adjusting arms for 
predetermining the minimum separation thereof, 
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2. A control device comprising, a hub mem 

ber, means connected to the hub member for 
Totating the same, a pair of can members 
mounted on the hub member, a control means, 
means on one of the cam members for operating 
the control means in One direction and on the 
other can member for operating the control 
means in the other direction, adjusting means 
for independently varying the point at which 
each of the can members operate the control 
means, a scale on the hub member cooperating 
with the adjusting means for predetermining the 
point at which each can member operates the 
control means, a cover for the control device 
having a pointer thereon positioned opposite 
the Scale, said pointer cooperating with said 
Scale for indicating the rotated position of the 
hub member. 

3. A control device comprising, a hub member, 
physical condition responsive means for impart 
ing rotary movement to the hub member in either 
direction, a pair of cam discs, means for yield 
ably clamping the cam discs together upon the 
hub member, an Operable element controlled dif 
ferently by each of the can discs, means for 
adjusting the position of the cam discs relative 
to the hub member and to each other to vary the 
point at which they control the operable element, 
a pointer on each adjusting means to indicate 
the point to which the corresponding can disc 
has been set, and an indicator for indicating the 
point to which the condition responsive member 
has rotated the hub member. 

4. A control device comprising, a hub member, 
a condition responsive member arranged to ro 
tate the hub member in opposite directions, cam 
In eans on the hub member, having a circular 
opening therein, an operating member extending 
into the circular opening, said can means hav 
ing a cam surface on the inside of the circular 
opening for actuating the operating member in 
One direction and a second cam surface on the 
Outside of the circular opening for actuating 
the operating member in the opposite direction 
and retaining surfaces extending in opposite di 
rections in the circular opening from each cam 
Surface, said retaining surfaces being, arranged 
with respect to each other whereby the contin 
ued rotation of the cam means after actuation 
of the operating member engages the operating 
member between certain of the retaining sur 
faces in one direction of rotation and between 
others of the retaining surfaces in the opposite 
direction of rotation so that the operating mem 
ber is locked in its actuated position as the ro 
tation of the cam means continues. 

5. A control device comprising, a hub member, 
a physical Condition responsive member arranged 
to rotate the hub member in opposite directions, 
Cam means On the hub member having a circular 
Opening therein, an operating member extend 
ing into the circular opening, said cam means 
having a cam surface on the inside of the cir 
cular opening for actuating the operating mem 
ber into one position and a second can surface 
on the outside of the circular opening for actu 
ating the operating member into a second posi 
tion, and a higher and lower retaining surface 
extending in opposite directions from each cam 
surface, said higher retaining surfaces being ar 
ranged opposite the lower retaining surfaces in 
the circular opening whereby the continued rota 
tion of the cam means after actuation of the 
operating member engages the operating mem 
ber between both higher retaining surfaces in 
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one direction of rotation and between both lower 
retaining surfaces in the opposite direction of 
rotation, so that the condition responsive mem 
ber is not strained and the operating member 
is locked in its actuated position as the rotation 
of the can means continues. 

6. A control device comprising, a hub member, 
a physical condition responsive member arranged 
to rotate the hub member in opposite directions, 
can means on the hub member having a circul 
lar opening therein, an operating member ex 
tending into the circular opening, said cam 
means having a cam surface on the inside of 
the circular opening for actuating the operating 
member into one position and a second cam sur 
face on the outside of the circular opening for 
actuating the operating member into a second 
position, and a higher and lower retaining sur 
face extending in opposite directions from each 
can surface whereby the hub member may con 
tinue to rotate after the operating member has 
been actuated into either of its positions, said 
retaining Surfaces cooperating to maintain the 
operating member in its actuated position if the 
hub member continues to rotate beyond either 
can surface. 

7. A control device comprising, a hub member 
having a shoulder, physical condition responsive 
means for controlling the hub member, two discs 
on the hub member, a friction washer between 
the discs and a second friction washer between 
one of the discs and said shoulder, a compression 
spring for yieldably clamping the discs and 
washers together against the shoulder to permit 
manual adjustment of the discs with respect to 
each other and with respect to the hub member, 
an operating arm, can means on each of the 
discs for actuating the operating arm in a dif 
ferent direction, and Snap acting control means 
operated by the actuation of the operating arm. 

8. A control device comprising, a hub member, 
means responsive to temperature changes for 
imparting rotary movement to the hub member, 
a pair of can members arranged on the hub 
member, friction means engaging the sides of 
said cam members, means for yieldably clamp 
ing the cams and the friction means together on 
the hub member, said friction means arranged 
to permit relative adjustable movement of the 
cam members with respect to each other, an 
operating arm, can surfaces on the carn mem 
bers each arranged to actuate the operating arm 
in a different manner responsive to the rotation 
of the hub member, an indicator arm. On each 
can member for indicating the temperature 
point at which the associated can surface actu 
ates the operating arm, and an indicating scale 
on the hub member for indicating the tempera 
ture point to which the hub member is rotated. 

9. A control device comprising, a pair of can 
members each having a cam surface thereon, 
said can members supported in adjustable rela 
tion to vary the setting of their cam surfaces, 
means for imparting rotary movement to the 
cam members, an operating arm, means on One 
end of the operating arm adapted to be engaged 
by the movement of the cam surfaces for mov 
ing the arm in either of two directions, means 
for pivoting the other end of the operating arm, 
switching mechanism connected to the pivoted 
end of the operating arm and actuated thereby, 
and adjustable means on said operating arm for 
calibrating the engaging point of the operating 
arm with the can surfaces. 

10. A control device comprising, a pair of can 
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members, means for imparting rotary motion to 
the can members, a can surface on each can 
member, means for adjusting the relative rotary 
position of the can members with respect to 
each other, an operating arm, an operable ele 
ment on One end of the operating arm arranged 
in the path of movement of the cam surfaces 
and actuated thereby to move the operating arm 
in one direction or another, means for pivoting 
the other end of the operating arm, means for 
adjusting the proper position of the operating 
arm with respect to the can surfaces, a fixed 
control element, a movable control element, 
means for flexibly supporting said movable ele 
ment on the operating arm for movement there 
by in operative relation to the fixed control ele 
ment, and magnetic means cooperating with 
said flexible supporting means for imparting 
Snap action to the movement of Said movable 
control element. 

ll. A control device comprising, an operating 
arm, a pivot point supporting the arm and about 
which it is adapted to rotate, spring means on 
said pivot point normally tending to rotate the 
arm in one direction, adjustable cam means 
adapted by engagement with a portion of the Op 
erating arm to move it in either of two direc 
tions, a movable control element attached to the 
arm, a fixed control element arranged in Opera 
tive relation to the movable control element and 
adapted to be associated therewith responsive to 
the movement of the operating arm, and mag 
netic means for actuating the control elements 
with Snap action, said spring means tending to 
assist said snap action in one direction of the 
movement of the operating arm. 

12. A control device comprising, an operating 
arm, means for pivoting the arm at one end, 
condition responsive means engaging the other 
end of the arm for moving it to either of two 
positions, means for adjusting the arm with re 
spect to the engaging means, a movable control 
element, resilient means attaching the movable 
control element to the pivoted end of the arm, 
a fixed control element arranged in operative 
relation to the movable control element, mag 
netic means cooperating with the resilient means 
for providing snap action to the actuation of 
the control elements and for (maintaining the 
arm in One of its positions, and spring means 
for maintaining the arm in the other of its 
Operated positions. 

13. A control device comprising, an operating 
arm, means for plvoting the arm at one end, a 
roller element attached to the other end of the 
arm, adjustable can means arranged to variably 
engage the roller element to move the operating 
arm, means for adjusting the position of the 
operating arm with respect to the adjustable cam 
means, a resilient arm having one end attached 
to the operating arm at its pivot point, a flexible 
arm attached at its center to the other end of 
the resilient arm, a movable contact carried on 
each end of the flexible arm and actuated by the 
movement of the operating arm, a pair of fixed 
contacts cooperating with the movable contacts, 
and means for providing snap action to the oper 
ation of the contacts. 

14. A control device comprising, a base, a pair 
of discs, a physical condition responsive element 
Supported on the base and arranged to rotate the 
discs in either of two directions, one of said discs 
having a high and a low retaining surface on its 
periphery, the other disc having a circular slot 
therein formed with a retaining surface on one 
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side of the slot coinciding with the low retaining 
surface of the first disc and an outer and inner 
retaining surface on the other side of the slot, 
an operating arm pivoted to the base and having 
one end extending into the circular slot whereby 
the rotation of the discs in one direction is effec 
tive to move the high retaining surface of the 
first disc into engagement with the operating 
arm to pivot it in one direction and against the 
outer retaining surface of the other disc so that 
continued rotation of the discs in the same di 
rection can take place without straining the con 
dition responsive element and the operating arm 
is locked in its moved position as the rotation 
continues, and whereby the rotation of the discs 
in the opposite direction is effective to move the 
inner retaining surface of the second disc into en 
gagement with the operating arm to pivot it in 
the said opposite direction and against the coin 
ciding surfaces of both discs so that continued 
rotation in the same direction can take place 
without straining the condition responsive men 
ber and the operating arm is locked in its moved 
position as the rotation of the discs continues, 
and control means actuated by the pivotal move 
ment of the operating arm. 

15. A control device comprising, a base, a first 
and second disc, a physical condition responsive 
element supported on the base and arranged to 
rotate the discs in opposite directions, a cam on 
the edge of the first disc having a higher and 
lower circular retaining surface extending in Op 
posite directions from the cam, the second disc 
having a circular slot arranged therein with the 
inner edge of the slot coinciding with the lower 
retaining surface of the first disc, a cam on the 
Outer edge of the slot and an inner and Outer 
circular retaining surface extending in opposite 
directions from the cam, an operating arm 
pivoted on the base and having one end extend 
ing into the circular slot and into operative rela 
tion to the first disc, said cans arranged to alter 
nately actuate the operating arm in opposite di 
rections, control means arranged to be actuated 
by the movement of the operating arm, said re 
taihing surfaces arranged to hold the operating 
arm in its actuated position during continued 
movement of the condition responsive element 
without straining said element, means for holding 
the operating arm in its actuated positions dur 
ing the interval between alternate engagement by 
the cams, and means for adjusting the discs with 
respect to each other and with respect to the con 
dition responsive element whereby the cams may 
be arranged to actuate the operating arm at any 
desired value of the condition responsive element. 

16. A control device comprising, a base, a hol 
low tube attached at one end to the base, an 
operating rod extending through the base and 
tube, physical condition responsive means at 
tached to the other end of the tube and to one 
end of the rod for imparting movement thereto, 
an operating arm supported on the base and actu 
ated by the rod, control elements operated by the 
operating arm, a Supporting collar Surrounding 
the hollow tube and slidable thereon, means on 
the collar engaging the tube for locking the Collar 
at any desired position. On the tube, said collar 
having a curved outer surface, a mounting flange 
having a cooperating curved surface engaging 
the curved surface of the collar whereby the 
mounting flange may be universally positioned 
angularly with respect to the hollow tube, means 
on the flange engaging the collar for locking the 
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for mounting the flange on an inclined support 
ing surface whereby the tube is arranged in a 
horizontal position. 

17. A control device comprising a base, a hol 
low tube attached at one end to the base, an 
operating rod extending through the base and 
the tube, a physical condition responsive men 
ber having one end secured to the tube and the 
other end to the rod for imparting movement 
thereto, an operating arm pivoted on the base 
and actuated by the rod, control means actuated 
by the operating arm, a supporting collar sur 
rounding the hollow tube and slidable thereon, 
means on the collar engaging the tube to lock 
the collar at any desired position on the tube, 
said collar having a convex outer surface, a 
In Ounting flange having a concave surface co 
Operating with and engaging the convex surface 
of the collar whereby the mounting flange may 
be universally and angularly positioned on the 
collar with respect to the hollow tube, means on 
the flange engaging the collar to lock the flange 
at any desired angular position, and means for 
mounting the flange on an angular supporting 
Surface whereby the tube and control device are 
arranged in a horizontal position. 

18. A control device comprising a hub member, 
physical condition responsive means for actuat 
ing said hub member in either of two directions 
of rotation, a first and a second cam member 
frictionally supported upon said hub member, an 
adjusting arm secured to each of the cam mem 
bers for adjusting the position of the cam mem 
bers with respect to each other on the hub mem 
ber, an operating member actuated by the cam 
members dependent upon their adjusted position 
On the hub member, control means actuated by 
the operation of the operating member, a flexi 
ble connection between the control means and 
the operating member, magnetic means for hold 
ing the control means in the closed position and 
Spring means for holding the control means in 
the open position after having been actuated by 
the operating member, and means on the cam 
members for locking the operating member in 
either of its actuated positions after having been 
actuated by the cam members whereby the physi 
cal condition responsive means can continue to 
rotate the can members without straining the 
mechanism. 

19. A control device comprising a hub member, 
temperature responsive means for actuating said 
hub member in either of two directions of rota 
tion, a first and a second can member friction 
ally supported upon said hub member, an ad 
justing arm extending from each cam member 
for adjusting the position of the cam members 
with respect to each other upon the hub mem 
ber, means on one of the adjusting arms and 
cooperating with the other adjusting arm for 
varying the minimum separation between them, 
an Operating member actuated by the cam mem 
bers dependent upon their adjusted position, 
control means actuated with snap action by the 
Operating member, and an indicator on each of 
said adjusting arms, one of said indicators indi 
cating the temperature point at which the con 
trol means is opened and the other the point at 
which the control means is closed. 

20. A control device comprising a movable 
member, a condition responsive member arranged 
to shift said movable member in opposite direc 
tions, can means arranged for movement by said 
movable member and having an elongated open 
ing therein, an operating member extending into 
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said opening, said cam means having a can sur 
face on one side of the opening for actuating 
the operating member in one direction and a 
second cam surface on the other side of said 
opening for actuating the Operating member in 
the opposite direction, and retaining Surfaces ex 
tending in opposite directions in the opening 
from each cam surface, said retaining surfaces 
being arranged with respect to each other where 
by continued rotation of the cam means, after 
actuation of the operating member, engages the 
operating member between certain of the retain 
ing surfaces in one direction of movement and 
between others of the retaining surfaces in the 
opposite direction of movement so that the op 
erating member is locked in its actuated position 
as the movement of the can means continues. 

21. In a switch structure, a switch having an 
actuating element operable to close a circuit at a 
first position and operable to open a circuit at a 
second position spaced from said first position, 
said switch including a permanent magnet and 
an armature to give Snap action to the Switch 
and to widen the differential of operation thereof 
whereby said first and Second positions are spaced 
apart a substantial distance and means for Oper 
atting said actuating element comprising a pair 
of simultaneously operable cams, a roller coacting 
with said pair of cams, temperature responsive 
means for rotating said cams, one of said cams 
having a lobe operable to lift said roller beyond 
said first position as the cans rotate in One di 
rection and the other cam having a lobe operable 
to drop said roller beyond said second position 
as the cams rotate in the opposite direction and 
means for changing the distance between said 
can lobes in a direction circumferentially of the 
rotation thereof whereby to vary the differential 
of operation of Said Switch with respect to the 
travel of said temperature responsive means and 
for adjusting the position of both of said cams 
circumferentially of their rotation with respect 
to said temperature responsive means to vary 
the range of operation of said switch. 

22. In a switch structure, a switch having an 
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actuating element operable to close a circuit at a 
first position and operable to open a circuit at a 
Second position Spaced from said first position, 
said switch including a permanent magnet and 
an armature to give snap action to the switch and 
to widen the differential of operation thereof 
whereby said first and second positions are spaced 
apart a substantial distance and means for op 
erating said actuating element comprising a pair 
of simultaneously operable cans, a roller coacting 
with said pair of cams, temperature responsive 
means for rotating said cams, one of said cams 
having a lobe operable to lift said roller beyond 
said first position as the cams rotate in one di 
rection and the other can having a lobe oper 
able to drop said roller beyond said second posi 
tion as the cams rotate in the opposite direction 
and means for changing the distance between 
said cam lobes in a direction circumferentially 
of the rotation thereof whereby to vary the dif 
ferential of operation of said switch with respect 
to the travel of said temperature responsive 
leans. 

23. In a switch structure, a switch having an 
actuating element operable to close a circuit at a 
first position and operable to open a circuit at a 
Second position spaced from said first position, 
said switch including a permanent magnet and 
an armature to give snap action to the switch 
and to widen the differential of operation thereof 
whereby said first and second positions are spaced 
apart a substantial distance and means for op 
erating said actuating element comprising a pair 
of simultaneously operable cams, a roller coact 
ing with Said pair of cams, condition responsive 
means for rotating said cams, one of said cams 
having a lobe operable to lift said roller beyond 
said first position and the other cam having a 
lobe operable to drop said roller beyond said 
Second position, said lobes being spaced apart in 
a direction circumferentially of the rotation 
thereof whereby to require a predetermined de 
gree of rotation of said cams between said first 
and Second positions. 
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