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switeh device “for ‘controlling vthe wattage mput
to an electrlc heatmg loe.d The thermally ac-

able to the contro
surface unit of an €le

Motor-opérated d )
will control the

average rate,
ingly higher- magmtude, these de ‘ces are ar-
ranged to maintain the Joad energ1zed for a
greater percentage of‘the” tlme, ‘while, full’ watt-
age input is usually: obtamed by contmuous ener-
gization. These devices are usually adJustable
for obtaining ‘a contmuous variation of input
from zero to maxnnum contmuous energmatron
These devices, however, have c dvantages, “for
usually they lack-compes ion for changes in
voltage thereby: resultmg an-error in the av-
erage wattage 1nput for-the par 'cular settmg ‘of
the device; and, in~ addxtion, they are. space-con—
suming -and expenswe :

Thermal ‘devices have“also” been prov1ded ‘for
use as-wattage input contfollers for- remotely ¢on-
nected heating logds.  These devices are- usually
inherently- self—compensat ‘for ‘changes’in’ line
voltage, but - when designed to give reliable opera~
tion over -an-extended’ pefiod-of “time with: con-
trolled . and ‘consistent: lengths: ‘of eycle ‘above-a

practical minimum:value; they ‘usually resultin ‘3!

cumbersome ‘and-expensive! devmes

A'primary objéct-of this invention isito: provide
a novel thermostatic wattage: controller that-will
inherently give long:cycles-of-substantially con-
stant length' at @ particular:setting,; will-be:ca-
pable of continuous:adjustment from g minimum
to. & maximum .input::wattage, ;and will. be .of
simple compact construction,:easy-to manufac-
ture, and- extremely rehable and sconsistent 'in
cpelation 2o

A further obJect .o vth the prov1-
sion of a novel combmatxon “of - thermomotxve
means and circuit elements in . sa1d controller
which will . prov1de ‘greatly’ increased. - contact

pressure when the ‘control contacts are first made °

and will effect'a greatly augmented opening when
the contacts first ‘se rate This .type of action
ntact ‘opening .and
ate: ‘buzzing’or’ humming

and other -spurious
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ﬁ'urther obJects and features of the 1nventlon
will*be" apparent from the following deta1led de-

scription with ¢ reference to -the accompanymg
‘drawings, whelem

F1g 1 isa s1mp11ﬁed and dlaglammatm 111us-
t1 ation of one form of the novel controller and an
assomated load .

F1g 2isa- Cross- sectlonal view of 8- physxcal
embod1ment thereof

PFig. 3is a front view of the same w1th port1ons
of the casing: structure bxoken away for the pur-
pose of 111ustrat1on )

Fig. 4isa rear view of the clevrce with the con-
trolled load shown d1agrammat1cally, -

Fig. 5 isa pa1t1al sectmnal V1ew taken along
line 5—5 of Flg 3

Fig. 6 is an enlarged sectmnal v1ew taken along
line 65 of Fig.'3;

Fig. 715 & sectmnal view taken along line: 1—1

of Fig. 6;

Fig. 8 is ‘an exploded perspectlve v1ew showmg
the elements of the thermostatlc control assem-
bly;

Fig.9isa perspectrve View of the sprmg mount
for one of the swrtch members

TFig, 10 is‘a s1mplxﬁed 1llustrat1on of a modxﬁed
form of ‘the; 1nvent1on .

Fig. 1lisa fragmentary sectional view of the
mod1ﬁed form; and . -

Fig. 12 is a fragmentary perspectwe view of
certam parts thereof.

In Fig, 1: there isa dlagrammatm showlng of a
heating load |, which may be the surface unit of
an electric range- energlzed from the 11ne 2 and
controlled by 3 control device; 3 .as prov1ded ac-
cording to this mventxon ThlS dev1ce 1ncludes
a composite thermomotlve member 4 made up of

two legs or struts 5 and 6 of ‘materials havmer

different thermomotlve charactenstlcs w1th a
strip of thermal ing ulatmn T d1sposed between
said legs Leg w111 be referred toasthe primary
element and is shown here as & bimetallic element
arranged w1th ‘the high expansmn Side. towarcl
the right. Leg'6, h1ch will he' referred to as, the
secondary element is a current- Irying membez
and forms a heater for thermally actuatmg ther-
momotive member 4. The ‘two legs B and 6 are
fastened together at the1r free ends, .as shown
at 8, and are r1g1dly ﬁxed to a ‘support block 9
which may be formed of a sultable insulation ma-~
tenal &% the free ‘end .of the. thermomotive
member 4. uhere is secured a contact- i0 .which
cooperates with an adJustable contact {1 mount-
ed on -3 flexible culrent ~carrying blade 12 ‘which
is also ‘Axed to the supportmg member 8. When
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the contacts 10 and i{ are engaged, a circuit is
established from the supply line 2, through ad-
justable blade (2, contacts 10 and [, through
heater €, to the heating load | and thence to
line 2. When the contacts 10 and I{ are sepa-
rated, the heating load is deenergized. A control
knob 13 or some other suitable manual adjusting
means is provided on the control device 4 for
selecting the desired input to the heating load.
The adjustment is effected by the manipulation
of the flexible blade 12 through a screw mem-
ber 14,

The operation of this particular thermostatic
device can be explained by following a typical
cycle of closing and opening of the contacts 10
and 11, Assume that the contacts 10 and |1 are
separated and that the thermomotive means 8§ is
cooling. In this condition, the free end of the
thermomotive member 4 moves to the right.
Upon engagement of contacts 10 and 1, current
flowing through the heater leg 6 will cause it to
heat rapidly, expand lengitudinally and force the
free end of the thermomotive member 4 farther
to the right. As the leg 6 continues to heat, the
bimetal leg 5 will receive heat therefrom and
will begin to flex and move the contact 10 toward
the left. This motion will continue until the
contacts separate, thereby deenergizing the heat-~
ing load and discontinuing the current supply to
the leg 6. Immediately upon separation of the
contacts 10 and i1, the leg 6 will quickly cool,
contract and so force the thermomotive member
4 farther to the left. Further cooling of the
thermomotive member 4 will cause the bimetallic
leg § to return toward its unflexed position, per-
mit the contacts 10 and {1 to be reengaged and
thus start anothér cycle of operation.

It will be observed that both the bimetal 5 and
heater 6 contribute to the thermomotive action
of the switch but that the thermomotive effect
of the primary element 5 is always arranged to
supersede the effect of the secondary element 6.
That is to say, the primary element 5 is the more
active or more effective in that it always ulti-
mately dominates the action of the secondary
element 6 in effecting opening and closing of the
switch contacts on heating and cooling respec-
tively. The effect of the additional thermomoctive
action offered by the heater 6 is to provide a dif-
ferential between the opening and closing tem-
peratures of the bimetal 5 which in turn effects
a greatly increased cycle length. 'The length of
the time cycle is now made up of the undershoot
and overshoot of the bimetal plus the increased

cycle length due to the action of the heater. It ¢

should be noted that if the heater were not me-
chanically connected with the bimetal, no differ~
ential would exist and the entire cycle would
consist of the time necessary for the bimetal to
overshoot and undershoot.

The utilization of the thermomotive action of-
fered by the heater is considered of maximum
importance in the application of this device, and
particularly when this device is to be used in
conjunction with the flashing or the overener-
gizing of an electric heating unit so that it can
attain its operating temperature quickly. In my
copending application, Serial No. 81,938, filed
March 17, 1949, systems and devices are shown
which utilize a single thermal wattage controller
to control the length of the overenergization pe-
riod and also to control the input during normal
energization by cyclically opening and closing of
the circuit to the electric heating unit. A watt-
age controller so adapted must meet many severe
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requirements. First, it must possess those fea~
tures so essential in the application of the device
as an ordinary wattage controller; it must be re-
liable, simple to manufacture, ete., and it must
have moderately long cycles. Secondly, to meet
the requirement of adaptability to a flashing sys-
tem as above mentioned, it must heat and cool
at substantially the same rate.as: the heating
unit it is controlling. Thus it must be a thermal
prototype of the electrical load (. e., the heating
unit) it is controlling. In these flashing systems,
the heater for the wattage controller has an en-
ergization rate proportional to that of the heat-
ing unit. During the overenergization interval,
the wattage controller acts to time the duration
of the overenergization. When the controller
attains a temperature proportional to the de-
sired operating temperature of the heating unit,
the contacts open and terminate the flash inter-
val. Thereafter the controller, having a reduced
energization rate proportional to the reduced en-
ergization rate of the heating unit acts to con-
trol the wattage input level to said unit by
cyclically opening and closing the circuit there-
to.. The ability of the wattage controller to track
the heating unit thus permits it to act as a safety
device if a reflash is attempted, for the tem-
perature which. the. controller must attain is re-
duced an amount corresponding to the tempera-
ture of the heating unit at the time a reflash is
attempted, thereby preventing successive reflash-
ing for extended periods of time which might re-
sult in dangerous overheating of the heating
unit, Lo

A unique problem is presented when it is de-
sired to provide a thermal controller that will
give long cycles as well as have the ability to
track the heating unit, without resorting to snap-
action switches. To obtain moderately. long
cycles .in the past it was necessary to ineresase
the thermal mass of the switch, thereby increas-
ing the undershoot and overshoot of the asso-
ciated thermal element in a manner well known
in the art. To cause the controller to track the
heating unit, it is necessary that the thermal ca-
pacity and the thermal dissipative capacity of the
thermal element of the controller be of the proper
magnitudes. These two requirements are not
consistent with one .another, it being only a
fortuitous combination of circumstances or severe
compromises that would permit previous arrange-
ments to be used. However, by using the pres-
ent invention wherein the thermomotive action
of the heater 6 is used to obtain the long cycle
independent of the-heat storage capacity of the
mass associated with the thermal element, wide
latitude is permitted in designing a controller
with the correct prototype characteristics.

A physical embodiment of the above described
form, adapted to a control device of the character
disclosed in my copending application Serial No.
157,933, filed April 25, 1950, is ‘shown in Figs.
2 to 9. Only that part of the device involving
the present invention need be described.

In these figures, there is shown a control de-
vice comprising a control box or casing 15 onto
which is fixed ‘a cover member {6 by means of
screws 11, - A control knob 18 serves to control
the position of an adjustable blade 19 through a
control ‘cam 20 carried by a shaft 21 which is
rotatably supported by cover 16 and the rear of
the casing 15 in a pilot hole 22. The adjustable
blade 19, a relatively heavy metallic member, has
affixed to its free end a contact 23 which cooper-
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ates with a contact 24 aﬂlxed to the free end of .

a thermcmot1ve means 25,

"The mounting for the adJustable blade 19 (see

Flg 9) consists -of a flexible- L—shaped ember

26 of a materlal of good current conductmty and’

good spring propertles (such as an alloy of “sili-
con and copper) fixed to the casing 15 by means
of a rivet 27 which -also’ holds a- termmal mem-
ber 28 in position (Fig.'5). rI’he free end of mem-
ber 26 is riveted at 29 to the adJustable blade 19
and biases the contact 23 toward the ‘normally
open position against a shoulder 30 (F1g 2) on
the casing 15 when the controller is'in the “off"
condition, - The contact 23, the member 26 and

the adjustable confrol, blade i9 are’ welded to- 1

gether mmultaneously using g steel backm° at
31 on contact 23 to faclhtate th1s process ‘The
lower end of the adjustable’ blade i9: cooperates
with ‘the free end of a bnnetalhc compensat01

blade ‘32 through an msulatmg button 83,
mounted ‘thereon to isolate -the control blade,

electrrcally and thermally from said compensator
Near the center of the adjustable- blade ‘19 is-a
lanced projection 34 which- coacts w1th the sur-
face of the control cam 20. v

The construction and the arrangement of the
masses as shown for the component parts of the
adjustable blade and mounting 19, 26 have proven
quite satisfactory in eliminating excessive vibra-

tion prevalent in devices ‘that have extremely 2

fiexible contact support members; The construc-
tion is also advantageous-because it-permits-a
very convenient way of instituting the eompen-
sating action and in addition the factory adjust-
ment, which will be explained hereinafter.

It should ke mentioned that the details of the

cam 20 are described at length in the-aforemen-

tioned copending application. - Of -particular in-
terest is the-cam- program that provides g con-
tinuous selection of inputs from some low value
to a-full 100% input position. In that applica-
tion the circuit in which the wattage controller
is used does not require that the contacts 23-and
24 carry the continuous 100% load, an auxiliary
path-being provided therefot.  The present in-
vention is capable of application to-this-type of
circuit. or an arrangement where ‘the- contacts

the heater 3§, the insulating strips 41, 42 and .
bimetal 35 o hold the bers f »

of ‘'the forces (due to contractmn ‘and expansion
of the heater) to\the bnnetal. "This wrappmgh

be ev1dent when such a member is placed m com—
pressmn A co_ntrolled tensron is used When'

40

45

are maintained closed by the cam throw to give

the 100% input.  The cam: is further provided
with a recessed “off”:'position -at-20a," insuring
a generous electrical clearance at th1s part1cu1ar
switch conditioning:

The thermomotive means 25 (see Frgs 6 to 8)
consists ‘of g ‘substantially’ straight control bi-
metal 35 and a-heater element- 36 of high tem-
perature material, such as'a ‘nickel chrome glloy,
having a narrow section ‘37 which- extends a
greater portion of its length. The*bimetal 35,
the heater element 8§, and the electrical contact

24 -are welded together using ‘& steel button 39.

and a steel backing 49 -on the contact 24 to fa-
cilitate the welding. Disposed: between - the
heater element 86 and bimetal 35 is an insulating
medium preferably comprising -a -strip- of as-
bestos 41 and a thin layer of mica 42 ;adjacent
the heater element. The strip of asbestos 41 is
of substantially greater thickness than the mica
strip 42, providing the greater part of -the heat
storage and heat transmitting funetions. -The
mica strip provides a hard smooth -surface to
facilitate any relative movement betweenthe
heater element and the insulating med1um during

the cychc heating and coollng of the thermomo--

t1ve means 25.
A . wrapping ‘of glass cord 43 s placed, around

80

55
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76“.

strlp 42 w1thout permlttmg separatlon" between_
the surfaces of these two: members due to the

“bimetal, 1n-’
2 ,ping,_ chleﬂy

oortance ‘when the" dewce is used 1n a ﬁashmg_
system. It will-be notéd from the cross sectional
illustration of the sleeve in Flg 6 that a smaller'
volume of material is associated w1th the heater ]
38 than Wlth the b1meta1 35 and that an air

The assembly of the thermomotlve means onto;
the casing 15 is shown in’ Fig: 6. A, projection
46 formed on the casing 15, 1s prov1ded with an
outer diaméfer of such’ d_1men51on as to-accurately
receive the control bimetal 3% through‘a hole 41
provrded therem ‘Cone trlcally d sposed in re-
latlon to said prOJectlon is a hole 48 to recewe
a rivet 49, the latter bemg provrded for holdlng
a terminal member 50, the lower part of the-
heater 35 and an 1nsulator strlp 5I onto the cas-
ing. " The heater 36 is provided with a hole’ 3Ga
which is elongate in shape to allow for var1at10ns
in length of the varlous members due to produc-
tion tolerances. The r1vet 49'is used to hold the
heater 36 in non-varying mechanlcal ‘relation-
ship with the control b1meta1 35 and supportmg
structures without relymg on the restramt pro-
v1ded between the rivet and the side of the hole
36a.” The insulator strip 51 prov1des a preset and
constant separation’ ‘between the roots ‘of the
heater strip’ and the’ control blmetal and in addi-"
tion acts to electrically msulat “ohe from ‘the
other. It will be noted that an ii ulator strip 52

is 1nterposed between the head of the" r1vet and

the spring member 26 to 1solate the latter elec-
trlcally from the other parts of the thermomotlve
means, and further that & recess 53 (Fig: 5)"is
formed 'in the casing ‘to prevent the - thermo~
motive means from moving in'a dzrectlon “other’
than ‘in" its plane “of deﬁ‘ec‘tlovn_ Ior securmf>
thermomotwe effect: )
The mountlng for the compensator 32 is shown
in F‘1gs 3 and'5 as havmg a ﬁxed pivot at 54 and
a- factory adJustmcr screw 55 threaded mto the
casing at 58. ' The active énd- of ‘the bimetal
compensator, as explamed heretofoxe coacts With
the lower end of control blade 19, The compen=
sator is designed so that the controlled” wattage’
is maintained - substantially” constant-regardless
of changes in* ambient’ temperatures- to - 'which
the device is exposed. ' The bimetal -compensator
is disposed with-its high expansion‘side"inward,'
i, e, toward the left as-viewed in Figs: 2 and 6:
When the general temperatule of the devrce is
increased, the free end -of the compensator de-
flects toward the right as viewed in Figs. 2 ‘and
6. The control blade 19 is ‘thereby rotated about
the portlon 34 whlch fulert )
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surface of control cam 20 and so rotates the free
end of the control blade toward the left.

The compensator 32 is prevented from move-
ment other than that to achieve the compensat-
ing action. A recess 51 provided in the casing, a
projection §8 adjacent the fixed pivot or fulerum
54 and a pin 54b through a hole 32¢ in the com-
pensator 32 locate the compensator in the lower
portion of the casing. The adjusting screw 55 per-
mits control of the controller calibration by vary-
ing the position of the lower end of the control
blade 19. Thus if the inputs to the heating unit
are in excess of what they should be for a par-
ticular setting of the control knob 8, it would be
necessary to decrease the temperature or deflec-
tion at which the control contacts 23 and 24 sep-
arate. This would means that the initial posi-
tion of contact 23 would have to be disposed
farther to the right, as viewed in Figs. 2 and 6,
which can be achieved by backing off the adjust-
ing screw 5§55 thus allowing the compensator to
pivot clockwise (Fig. 5) about fulcrum 54, dis-
vlacing the lower end of the control blade (9
toward the left.

The electrical and thermal operation of this
device is similar to that shown diagrammatically
in Fig. 1. The current path is through the termi-
nal member 28, through the rivet 21, through the
mounting spring 286, the control blade 19, contact
23 and contact 24, through the heater 36, rivet
£9 and out through the terminal member 50. The
mechanical operation can be followed in Fig. 2.
Rotation of the control knob 18 to one of the “on”
positions will cause translation of the adjustable
blade 19 toward the left with consequent estab-
lishment of the circuit through contacts 23 and
24. The adjustable blade is manipulated through
the lanced portion 34 and engages at its upper
end the contact 24 of the thermomotive means
25, while at its lower end it engages the insulat-
ing button 33 of the compensator. During the
heating cycle of the thermomotive means 25 the
adjustable blade through contact 23 follows the
motion of contact 24 until separation is effected.
Under this condition and throughout the ‘“off
portion of the cycle the blade takes up an equi-
librium position as determined by the cam 20,
the compensator 32 and the positioning effect of
the mounting spring 26.

Of importance in the design of the thermo-
motive means 25 is the offset 53 provided on
the heater 36. It has been found that this fea-
ture constitutes (a) a convenient means for
preventing overstress in the heater during its
expansion and contraction; (b) a means to
vary the amount of mechanical influence of the
heater on the bimetal which in turn effects the
length of the time cycle; e. g. increasing the off-
set while still maintaining the spacing between
the heater and bimetal the same will decrease
the length of the cycle; (¢) a means of pre-
venting overstressing of the top fibres of the
glass cord wrapping by reducing the lateral force
during compression of the heater.

In one particular structural embodiment of
this invention, the bimetallic member 35 was
made from a material having a high expansion
side of 72% manganese, 18% copper, and 10%
nickel, while the low expanding side was of Invar.
A third layer of nickel was provided between the
high and low expansion sides to give a desired low
electrical resistance to the entire bimetal. The
length from the center line of the mounting rivet
49 to the top of the bimetal was approximately
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21Y,’*, the width along the major portion of the
length at .218’’ while the thickness was .030’’.

The heater 36 was made from a material com~
posed of 80% nickel and 20% chromium which
was annealed after being formed into the shape
shown in Fig..6. The width along the greater
part of its length was .096’’ with a thickness of
.005"", the effective length of this necked-down
portion measuring 132’’. The offset dimension
“@” as shown in Fig. 6 was %4’’. The thickness
of the insulating medium was .034’’ for the as~
bestos strip 41 and .001’’ for the mica strip 42.
The asbestos was selected from a long fibre stock
of .042’’ in thickness which was subsequently
compressed to the aforementioned thickness.

The particular load used with this wattage con~
troller was such as to pass approximately 5 am-
peres through the heater.

The compensator bimetal 32 was selected from
2 material having the high expansion side of
729 manganese, 18% copper and 10% nickel,
while the low expanding side was of Invar. Its
width at the widest point was .340’’ having a
thickness of .022"’ with an effective length of
approximately 17’’, with the fulcrum at the
widest point located about 14’ from the center
of the button 33.

A modified form of the invention is shown in
Figs. 10 to 12 to comprise a thermomotive mem-
ber 60 and an adjustable member 61 having co-
operating contacts 62 and 63 mounted thereon.
The thermomotive member of this embodiment
comprises two parallel bimetallic members 64
and 65 held in spaced relation and placed with
their low expansion sides facing each other. An
insulating and separating member 66 is disposed
between these bimetallic members and a glass
cord wrapping 67 is provided around these mem-
bers to maintain ‘the mechanical and thermal
relation to one another. Electrical connection
is ensured between the tops of bimetals 64 and
65 by means of the flexible conductor 68 held
under the contact 62 on bimetal 65 and through
a rivet 69 to bimetal 64. Aside from the modi-
fications shown the device is similar to the pre-
viously described form.

The operation of the thermomotive member 66
is substantially the same as the above-described
device, for as the contacts first make, the bimetal
64 which also acts as the heater forces the free
end of the primary bimetal 65 farther to the
right.. The thermomotive action of the bimetal
€4, however, results from the flexing due to its
regular bimetallic action rather than from a
change in its overall length. As heating con-
tinues, the bimetal 65 will flex to the left, over-
coming the force exerted by the heater bimetal
84, and eventually effect separation of the con-
tacts 62 and 63. Upon first separation of the
contacts the heater bimetal will cool rapidly,
exerting a force toward the left through the glass
cord wrapping thereby substantially augmenting
the contact separation. IHere as in the previous
embodiment the thermomotive effect of the sec~
ondary or heater element is arranged to be super-
seded- by that of the primary element.

In a physical embodiment, the material for
bimetal member 65 was similar to that used for
bimetallic member '35 having the same general
dimensions, while the secondary bimetallic mem-
ber 64 was of .020’" thick material of the same
composition as the compensator bimetal 32. The
narrowed section of the secondary member 64
had an approximate effective length of 1%/ and
a width of ¢5’’. The insulating medium 66 was
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"substantmlly elmlla,r 1n characteristics and -di-
‘mensions ‘to- that of members 41 and 42, except
?that the total thxckness was app1ox1mately 030"
‘instead of 035’ as WIth the ﬁrst embodlment

The- current load earried by the device was also
about 5 amperos

It .is also e11v151011ed that ‘there are many
varlatlons in the above constructlons, for ex-
ample, in the wrrangement of the contacts or

the mountmg of the component thermomotive

elements, that come within the scope of this in-
vention.

Iclalm.

1.In an mput contlol sw1tch, thernomotzve
means. havmg a free end and a fixed end, said
means comprising two thermomotive members ‘of
»thermomotlvely d1551mllar mateuals dlSpOSed
in ‘substantially ‘parallel spaced relatron with
mechanical connections between sald members

adjacent the fixed end and at’ least at_one pomt ‘
.valong tha length of said membere,'t_hermal in-
-sulabing rieans dlsposed between said membels

and electrical connections - mcludmg contacts

‘éyclically ‘operable by the free énd of said thar-

-monictive means for supplying encrgy to the less
‘active of the two members to rapidly heat the

same duy mg -each ‘eycle, the more active mem-

»ber reeelvmg ‘heat. from the less aetlve me*nbel

the initial heating of said less active member

eausmg a, rapid thermomotlvo ‘action in opposi- -

tion to the thermomotlve actmn of “said more

.active member on heating, and the 1n1t1a1 ‘cool-
Jrg of said less active member  causing rapid

movement in opposmon ‘to the, ‘movement of said

‘mors actwe ‘member on ceoling;

2. Ina current- opeleted thermaI smtcn, ther

_momotxve means having 2 flee end: and a fixed

end, said means comprising 2 current- conductlve
heater member and a blmetalhc control mem-

ber disposed in substantla,lly palallel spaeed re~

Jation, with rigid mechanical connections be-
tween sa1d members at two pomts thermal in-
sulating means dzsposed between said membels,
and ‘electrical - connectlons mcludmg contacts
‘eyclically operable oy the free-end of said ther-
momotive means for supplymg energy to- said
heater member to rapidly heat the same during
each cycle sa1d ‘bimetallic control member re-
ceiving heat from said heater member the in~
itial heating of said heater member causing a
rapid thermeinotive action in opposmon to the
thermomotlve actlon of said.bimetallic member
on 11eatmb, and the initial coolmg of said heater
member causing 1ap1'1 movement in oppos1t10n
t0 the movement of said bimetallic member on
cooling, the thermomotlve actlon of  said bi-
metallic member on heating .and: cooling. ulti-
mately dominating the thermomotive . action.of
said heater member on heating and cooling re-
spectively.
3..In a. current- operated thermal sw1tch ther
momotrve means having a free end.and a fixed
end, said means comprising fwo oppositely-acting
bimetallic members disposed in substantially
parallel spaced 1elat10n with a mechamcal con-
nection adiacsnt the ﬁAed ends of sald*members
angd meebemoal connection atb. least at. one ‘point
along the . length. the sreof, thermal msulatm
means drsposca bemfveen sald members and elec~
tur‘:ﬂ connections m(ﬂad ng oontacts cyelically
rable Ly the free nd of . qald thermor“otlve
‘neans for su b*\lymv ener 5y, to. one ,of ald mem—
rmg eaeh cycle,
h b, from the ﬁrut
the initia] hea,tmrf of saLd first moem-

the. other, member. Tece
member,
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in substantially parallel spaced relation,

‘cyole the ‘more active me
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‘ber causing a rapid thermomotive action in op-

position to the thermomotive actlon of said sec-
ond member on heatm and the 1n1t1a1 cooling

of said first member ca,uemor rapid. movement in

opp051t1on to the movement of said eecond mem-
ber on cooling, -the thermo’notrve actlon of said
second member on heatmg and cooling ultimately
dominating the thermomective action of said first
member on: heating and coeling respectively.

4. In an input control -switch; thermomotive
means having a free end and a fized end; said
means comprising two thermomotive members of
thermomotively dissimilar materials disposed in
substantially parallel spaced relation, with rigid
mechanical connections between said members
at two points, thermal insulating means disposed
between said members, electrical econnections in-
cluding eontacts cyclically -operable by the fres
end of sald thermomotive means for supplying
energy to the less active of the two merabers to
rapidly heat the. same during ea,ch eycle, the
more active member receiving heat from the less
active member, and means -associated with the
less active member for "preventing overstressing
thereof, the initial heatmg of said lnss active

member causing a rapid thermomotive action in

opposition to the thermoriotive action of said
more active member on heating, ‘and the inifial

.cooling of said less active member causing rapid

movement in opposition to the movement of said
more active member on cooling. -

5. In an input control switch, thelmomouwe
rleans having a free end and g fixed end, said
means comprising two thermemotive members of
thermomotively dissimilar materials disposed in
substantially parallel spaced relation, with rigid
mechanical connections between- said members
at two points, thermal insulating means disposed
between said members, electrlcal connections
including contacts cychcal ly cperable by the free
end of said thermomotlve means for supplying
energy to ‘the less active- of the two members

1o rapidly. ‘heat the same ourmg each cycle, the

more active, member receiving heat from the less
active member, and means. for controlling the
differential between the. temperatures of the

‘more active member at opening and closing of
said electrical .connections, the initial hesting

of said less active member causing a rapid ther-
momotive action in opposition to the .thermo-
motive actron of said more actlve member on
heating, and the 1n1t1a1 cooling of said less active
member causing rapid movement in opposmon to
the movement of said more active member o
coolmg

6. In an IDQU.u control sw1tch thermomotwe

means having g free engi an_d a fixed end, said

means comprising two thermomotive members
of thermomotively drssﬂmﬂar matenals dlsposed
~with
rigid mechanical connections between said me"n—

bers at two points, thermal insulating means dis-

posed between said members electrlcal connec-
tlons mcluomg contacts cychcally ooerable by

the free end of said thermomotive means for

supplymg energy to- the les:; aNtwe m the two
members to rapldly ‘heat the same durmg each
bor Teceiving | heo,
from the less actrve member th,e less actwe

means secur mv said me mbers _tog_ether ftlovrg
thelr length between sald two pomts to prevent
bucklmg of sa1d Tess actlve member and to main-

tain a, close constant assoc1atlon between said

members while permitting relative sliding motion
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between said members, the less active member
having an offset to prevent overstressing thereof
and to control the differential between the tem-
peratures of the more active member at opening
and closing of said electrical connections, the
initial heating of said less active member causing
a rapid thermomotive action in opposition to the
thermomotive action of said more active member
on heating, and the initial cooling of said less
active member causing rapid movement in op-
. position to the movement of said more active
member on cooling.

7. In an input control switch, thermomotive
means having a free end and a fixed end, said
means comprising two thermomotive members of
thermomotively dissimilar materials disposed in
substantially parallel spaced relation, with rigid
mechanical connections between said members
at two points, thermal insulating means disposed
between said members, electrical connections in-
cluding contacts cyclically operable by the free
end of said thermomotive means for supplying
energy to the less active of the two members
to rapidly heat the same during each cycle, the
more active member receiving heat from the less
active member, and means for holding said mem-
bers and the associated thermal insulating means
in close constant association with one another,
the initial heating of said less active member
causing a rapid thermomotive action in opposi-
tion to the thermomotive action of said more
active member on heating, and the initial cooling
of said less active member causing rapid move-
ment in opposition to the movement of said more
active member on cooling.

8. In an input control switch, a thermomotive
means having a free end and a fixed end, said
means comprising two thermomotive members
of thermomotively dissimilar materials disposed
in substantially parallel spaced relation, with
rigid mechanical connections between said mem-
bers at two points, thermal insulating means
disposed between said members, electrical con-
nections including- contacts cyclically operable
by the free end of said thermomotive means for
supplying energy to the less active of the two
members to rapidly heat the same during each
cycle, the more active member receiving heat
from the less active member, the latter member
being relatively thin so as to have low mass and
high electrical resistivity, and means associated
with the latter member to prevent buckling
thereof, the initial heating of said less active
member causing a rapid thermomotive action in
opposition to the thermomotive action of said
more active member on heating, and the initial
cooling of said less active member causing rapid
movement in opposition to the movement of said
more active member on cooling.

9. In an input control switch, thermomotive
means having a free end and a fixed end, said
means comprising two thermomotive members of
thermomotively dissimilar material disposed in
substantially parallel spaced relation, with rigid
mechanical connections between said members at
two points, thermal insulating means disposed
between said members, electrical connections in~
cluding contacts cyclically operable by the free
end of said thermomotive means for supplying
energy to the less active of the two members to
rapidly heat the same during each cycle, the
more active member receiving heat from the less
active member, means for holding said members
and the associated thermal insulating means in
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means to facilitate relative motion between the
less active member and said thermal insulating
means, the initial heating of said less active
member causing a rapid thermomotive action
in opposition to the thermomotive action of said
more active member on heating, and the initial
cooling of said less active member causing rapid
movement in opposition to the movement of said
more active member on cooling.

10. In an input control switch, thermomotive
means comprising a pair of oppositely-acting
bimetallic heat-expansibe members having dif-
ferent degrees of heat expansivity, said members
being disposed in substantially parallel spaced
relation and being rigidly connected together at
one end, means securing said members together
along substantially their entire length while per-
mitting relative sliding therebetween, current-
controlling contacts controlled by said thermo-
motive means and adapted when closed to effect
current heating of the member having the lower
heat expansivity, the member having the higer
heat expansivity receiving heat from the member
having the lower heat expansivity, and said con-
tacts being controlled by conjoint action of said
members.

11. In an input control switch, thermomotive
means comprising a pair of thermomotively dis-
similar members, said members being disposed
in substantially parallel spaced relation, with
mechanical connections between said members
adjacent the fixed ends and at least at one point
along the lengths of said members, a contact
carried by said thermomotive means and electri-
cally connected to the member having the lower
heat expansivity, a manually-adjustable contact
arranged cooperatively with said first contact,
said contacts when closed effecting current heat-
ing of the member having the lower heat ex-
pansivity, the member having the higher heat
expansivity receiving heat from the member hav-
ing the lower heat expansivity, and said ccn-
tacts being controlled by conjoint action of said
members, the initial heating of said less active
member causing a rapid thermomotive action
in opposition to the thermomotive action of said
more active member on heating, and the initial
cooling of said less active member causing rapid
movement in opposition to the movement of said
more active member on cooling.

12, In an input control switch, thermomotive
means comprising a pair of thermomotively dis-
similar members, said members being disposed in
substantially parallel spaced relation, with me-~
chanical connections between said members ad-
jacent the fixed ends and at least at ones point
along the lengths of said members, a contact
carried by said thermomotive means and electri~
cally connected to the member having the lower
heat expansivity, a manually-adjustable contact
arranged cooperatively with said first contact,
means including a compensator element for posi~
tioning said second contact according to ambient
temperature, said contacts when closed effecting
current heating of the member having the lower
heat expansivity, the member having the higher
heat expansivity receiving heat from the mem-
ber having the lower heat expansivity, and said
contacts being controlled by conjoint action of
sald members, the initial heating of sald less
active member causing a rapid thermomotive
action in opposition to the thermomotive action
of said more active member on heating, and the

close constant association with one another, and 75 initial cooling of said less active member caus-
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ing rapid movement in opposition to the move-
ment of said more active member on cooling.

13. An input control switch according to claim
12, including means for effecting initial adjust-
ment of said compensator element.

14, Aa inputb control switch according to claim
12, including a spring support for said second
contact, an adjusting arm connected to said sup-
port and movable by said compensator element,
and a2 manually-adjustable cam engaging said
arm.

15, An input switch according to claim 14,
wherein said compensator is disposed at a right
angle to the adjusting arm.

16. An input controller for supplying a pre-
determined average wattage input to a remotely
connected heating load, comprising: circuit con-
trolling cconnections including contacts adapted
to be cyclically closed and opened, the relative

lengths of the close and open intervals deter- o

mining the average wattage input to said load;
means for initially effecting closure of said con-
tacts to start an input contrel function; thermo-
motive means operative to cyclically open and
close said contacts, said thermomotive means
comprising a primary thermal-responsive mem-
ber having a relatively high thermomotive char-
acteristic and a relatively high effective thermal
mass operable upon heating to effect opening of
said contacts and operable upon cooling to effect
closing of said contacts, and an oppositely-acting
secondary thermal-responsive member having a
relatively lower effective thermomotive charac-
teristic and a relatively lower effective thermal
mass mechanically coupled to said primary mem-
ber for conjoint thermomotive action of the two
members and for transfer of heat therebetween;
said circuit controiling connections being ar-
ranged to effect heating of said secondary mem-
ber when the contacts are closed, thereby to
effect an initially rapid thermomotive action of
said secondary member tending to maintain said
contacts closed and lengthen the on cycle, and
subsequent greater thermomotive action of said
primary member, in response to heat transferred
thereto from said secondary member, effective
to open said contacts, whereupon the heating
of said secondary member is interrupted and the
latter cools rapidly effecting augmented opening
of said connections and lengthening of the oiff
cycle,

17, An ianputb controller according to claim 16,
wherein said thermomotive means comprises a

2,628,137

<t

10

25

30

40

50

14

bimetal primary member having a movable por-
tion, and a rapidly expansible and confractible
current-conducting secondary member having
one end fixed to said movable portion, said sec-
ondary member serving, by its rapid expansion
and contraction, to effect the dssired secondary
thermomotive action.

18. In an input control switch, a thermomotive
means having a free end and a fixed end, said
means comprising two thermomotively dissimilar
members disposed in substantially parallel spaced
relation, said members being rigidly connected
together at two points, thermal insulating means
disposed bhetween said members, electrical con-
nections including contacts cyclically operable
by the free end of said thermomotive means
for supplying energy to the less active of the two
members to rapidly heat the same during each
cycle, the more active member receiving heat
from the less active member, the latter member
being relatively thin so as to have low mass and
high electrical resistivity and having a rectan-
gular cross-section with the broader surface
thereof disposed paraliel to said more active
member, and means securing said less active
member to said more active member along their
entire length between said two points to prevent
buckling of said less active member and to main-
tain a close constant association between said
members while permitting relative sliding motion
between said members, the initial heating of said
less active member causing a rapid thermomotive
action in opposition to the thermomotive action
of said more active member on heating, and the
initial cooling of said less active member causing
rapid movement in opposition to the movement
of said more active member on cooling, the
thermomotive action of said more active mem-
ber on heating and cooling ultimately dominat-
ing the thermomotive action of said less active
member on heating gnd cooling respectively.

WALTER H. VOGELSBERG.
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