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GEORGE W. O’KEEFFE; OF DORCHESTER, MASSACHUSETTS, ASSIGNOR, BY MESNE AS-

SIGNMENTS, TO CONDIT ELECTRICAL

MANUFACTURING CORPORATION, OF BOS-

TON, MASSACHUSETTS, A CORPORATION OF MASSACHUSETTS.

THERMAL ELECTRIC-CIRCUIT CONTROLLER.

Application filed April 28, 1922. Serial No:-§57,054.

7o all whom it may concern:
Be it known that I, Grorce W. O’KErrFE,
a citizen of the United States, residing at
Dorchester,in the county of Suffolk and State
5 of Massachusetts, have invented an Improve-
ment in Thermal Flectric-Circuit Control-
lers, of which the following is a specifica-
tion.

This invention relates to thermally-con-

0 +volled ¢lectric cireuit controllers. )

An object of this invention is the provi-
sion of a circuit controller adapted to be re-
ceived in and supported by spring clips sim-
_ilar to a cartridge type electric fuse.

. A further object is to provide a thermal
circuit controller with an electrical heating
element for the thermal clement; and with
means for applying heating elements of va-
vions capacities to the:controller whereby
20 the controller may be adjusted to-operate at

various different values of current passed
through the heating element.. =~
A further object is to provide a thermal
circuit controller with means by which the
25 contact members may be inspected and ad-
justed externally of the enclosing casing and
after the component parts thereof have been
assembled within the casing.. 5
A further object is generally to improve
30 the construction and operation of thermally
controlled circuit controllers. o

Certain features of this invention are dis-
closed in my co-pending application Serial
No. 557,055, filed concurrently herewith.

Fig. 1 is a plan view of a thermal circuit
controller embodying the invention.

Fig. 2 is an axial sectional elevation of the
sontroller supported in spring clips.

Fig. 8 is a left-hand end view of the con-
40 troller of Fig. 1. . o
' Fig. 4 is a section along line 4—4 of Fig. 2.

Fig. 5 is a section similar to Fig. 4 but
with the thermal element and stationary
contact member arranged to control a nor-

45 mally open control circuit.

Fig. 6 is a right-hand end view of the con-

troller of Fig. 1.
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Tig. 7 is a section through an end cap
illustrating the attached tubular thermal ele-
50 ment. . . :
Fig. 8 is a view of the insulating plug
bearing the stationary contact member.
Fig. 9 is an elevation, partly in section of

the controller having a heating element
adapted for low values of current.

Fig. 10 is a section of the controller of
TFig. 1 without the heating element.

Iig. 11 is a diagram of a typical control

56

-circnit including the circuit controller.

TFig. 12 is a transverse cross-section, en-
Jarged, through a convolution of the ther-
mal element. ,

- As here shown, the thermal circuit con-
troller embodying the invention is tubular
in form and is adapted to be received in and
supported by the spring clips 10 and 11 in a
manner similar to a cartridge type enclosed
electric fuse. .Said controller includés the
tubular enclosing casing 18 of insulating
material having the metal caps 14 and 15
disposed on and sealing the ends of said
casing. In assembled condition, said end
caps are preferably secured permanently in
place by suitable means, as crimping them
over the casing. The thermal element com-
prises the tubular and spiral coil 16 prefer-
ably formed of thermostatic metal and
adapted to expand and rotate about its axis
when heated. The thermostatic metal form-
ing the thermal element 16 may comprise
two metals having dissimilar coefficients of
expansion united mechanically in any suit-
able manner to form, in effect, a single sheet
or strip of material having marked suscepti-
bility to temperature variations. Fig. 12
illustrates in cross-section such a strip of
thermostatic metal wherein the dissimilar
metals composing said strip are represented
by # and y. One end of said coil may be se-
cured permanently to one of the end caps,
as the end cap 14 by suitable means, and the
specific securing means here shown comprises
a tube 17 which is inserted in the end of and
is secured to the spiral coil by solder. Said
tube has a reduced portion 18 which is ex-
tended through an aperture 19 in the end
cap 14 and the extended end of the reduced
portion 18 may be expanded over the end
face of the end cap to secure the tube and
spiral coil securely in place. The aperture
19 in said end cap is disposed below the cen-
ter of the cap whereby the spiral coil is lo-
cated below the axis of the enclosing casing.
Said end cap 14 may also be formed wit
other apertures 20 in its end wall adapted to. 105
serve as vents for the controller.
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The free end portion 21 of the thermal

element 16 is reflexed upwardly and has
contact points 22 disposed preferably on op-
posite sides of said end portion either of
which is adapted to engage a fixed contact
member hereinafter to be described. - -

A cylindrical plug 23 of insulating mate-
rial is received 1n the opposite end of the
enclosing casing 13 and may have the pe-
ripheral outstanding flange 24. which is re-
ceived between the end of the casing and the
end wall of the end cap 15 whereby to re-

“tain said plug in position. Before the end
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‘cap 15 is secured firally to the casing, said
plug may Be moved angularly in the casing
whereby to align the elements carried by
it with the compbnents of the controller but
will be held in adjusted position by said
end cap when it is fixed permanently to the
casing. . :

Said plug 23 is formed with the eccen-
trically disposed projecting member 25, here
shiown of segmental shape, which protrudes
through a correspondingly shaped aperture
in the end wall of the end cap 15 and ex-
“tends beyond the end cap to form an insulat-
ing member for the terminal or fixed con-
tact member of the controller to which a

~ Jead of the control circuit is adapted to be

connected. - :
. Said contact member comprises the bar
'96. which is encloged within said insulating

- plug 23. The outer end 26* of said bar ex-

35

tends outwardly beyond the projecting mem-
ber 25 of the plug and may be provided with

' attaching means; as the screw 27, for a lead

- of the control circuit.

The inner end 26°

. of said bar is extended beyond the inner end
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of said plug within the enclosing casing 13
and bears the contact which may comprise
the screw 28 adjustably threaded in said
inner end 26° and adapted to. be engaged by
one or the other of the contact points 22 car-
ried by the thermal eléement 16. In Fig. 4,
the thermal element and fixed contact mem-

“ber are arranged to control a normally

b0
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closed control circuit and, when said ther-
mal element is heated, it expands and rotates
shout its axis toward .the left to interrupt
_the control circuit. :

In Fig. 5, the fixed contact member and
thermal element are arranged to.control a

-normally open control circuit and, when
“heated, ‘the thermal element rotates toward

the left to engage the fixed contact member
and close the control circuit. .

" The free end of the thermal element 16
is rotatably supported on the insulating cy-
Tindrical projection 30 which is formed in-
tegrally with the plug 23 and extended ax-
ially within the thermal element.

The heating element for the thermal ele-
ment 16 is adapted to extend within said
tubular element. For this purpose, the plug
98 is formed with the aperture or passage 31

1,574,508

which is extended through it and the cylin-
drical projection 30 thereof and aligned with
the passage 32 in the tube 17 by which the

thermal element is secured to and electrically .

connected with the end cap 14, and an aper-
ture in the end cap 15.-

The heating element may comprise an
electrically conducting rod 85 which is ex-
tended through the tubular thermal element
and the aligned passages. After the other
elements of the controller have been assem-

bled, said rod may be fixed permanently in.

position and in electrical connection with
the end caps by suitable means as solder ap-
plied over the ends of said rod in the end
caps.

When current above a predetermined
value passes through the power circuit 40,
Fig. 11, in which the ' controller with its
heating element 35 is included, the heating
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element becomes heated and gives. up itg"

heat to the thermal element 16 and causes
said element to expand and make or break
contact with the fixed contact member 26,
as the case may be, and control the control
circuit 41 to operate the switch 42 or other
protective device. _

The current value at which the controller
is set to gperate is designed to be varied
by varying the character of the heating ele-
ment. When the controller is adapted to
operate at rvelatively large values of cur-

rent, the heating element may be a rod hav-

ing relatively low electrical resistance, as,
for instance, a copper rod. For lesser values

of current the rod may be of material hav-’

ing higher resistance as, for instance, Monel
metal. For relatively low values of current,
the heating element may be a carbon rod.
Fig. 9 illustrates the controller having a
carbon rod 45 as the heating element. Said
rod may have the metal plated end portions
46 by which it may be soldered to the end
caps and electrically connected therewith.
The controller is adapted to be manufac-

.tured as a unit without the heating element,

as illustrated in Fig. 10, and heating ele-
ments having various heating capacities are
adapted to be inserted and permanently se-
cured in the controller fo provide a con-
troller adapted to operate at various prede-
termined values of current.

In assembling the component parts of the
controller, it is desirable to inspect the rela-
tive position of the movable and fixed con-
tact points and, if necessary, to adjust them

into proper relative positions, before the end

caps are fixed permanently to the enclosing
casing. For this purpose, the enclosing cas-
ing 13 is formed with the peep hole 60 dis-
posed above the contact points, and the ad-
justing holes 61 and 62 on opposite sides of
the peep hole. The contact points are visi-

ble through the peep hole and the fixed con-
tact point 28 may be adjusted by the inser-
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tion of a suitable tool through one or the
other of the holes 61 and 62. After the ad-
justments are made, and:the component
parts of the controller are fixed permanent-
ly in position, the holes may be sealed by
the application of a seal, as a label 63, to the
casing over the holes. - o

The heating element is adapted to be so
constructed as to operate the controller at
various different values of current as, for
instance, five amperes, ten amperes, ctc.,

with a normal heating effect on the thermal

element as governed. by the heat radiation
from the controller, as through the vent
holes 20, from the exposed surface of the
controller components, as the end cap 14,
etc. The operation of the controller for
some moderate value of current different
than that provided by a particular heating
element may be obtained by varying the po-

sition of the adustable contact point 28 with-

respect to the thermal element whereby to
require a greater or less deflection of the
thermal element before making or breaking
contact, as the case may be, with the adjust-
able contact point. The température of the
thermal element at which it will operate to
control the control circuit- will thereby be
varied soméwhat. from its normal operating
temperature, but this, ordinarily, is of no
particular importance. : ,

It is to be noted that the lower vent holes
20 in-the end cap 14, see Fig. 3, are disposed
adjacent the thermal element whereby to di-
rect cool air over the thermal element and
cool it whereby to provide for the operation
of said element at increased values of current
passed through the heating element; and
also to provide for the more rapid resetting
of the thermal element. For operation on
currents of relatively low values, the vent
holes may be reduced in size, or eliminated
entirely.

Tt is also to be noted that the heating ele-

.ment is covered and heat-insulated for a por-

tion of the length by the insulating plug 23
and the projection 30 thereof. - With this
arrangement, the heat-insulated portion of
the heating element becomes heated to a
higher degree than the unshielded portion

" thereof and transmits its heat by conduction
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to the unshielded portion whereby to raise
the temperature of the unshielded portion
higher than the increase resulting directly
from the current passing therethrough; and
consequently considerable latitude in con-
struction of the heating element may be per-
mitted by properly adjusting the length of
the shielded and unshielded portions of the
heating element. ' ‘

Tt is to be noted that the electrical heating
unit is in electrical and therefore in' thermal

connection with the end caps 14 and 15 and,
consequently, under certain conditions, said
end caps act as heat radiators for the heat-

ing unit. ' With heating units of relatively
high electrical "resistance, and {herefore
adapted to condition the controller for oper-
ation-at low values of current, the thermal

conductivity is low and consequently little

Theat will be conducted into and radiated
from the end.caps. - With heating units of

70

low resistance, and high current carrying .

_capacity, the thermal resistance is low and

consequently the amount of heat conducted
along the heating unit and into and dissi-
pated by the end caps may be of some sub-
stantial amount. With this-arrangement,
the upper operating range of the controller
may be substantially extended without in-
créasing the diameter, or other dimensions,
of the heating unit.

The invention may be otherwise modified
without departing from the spirit thereof.
I claim: : ‘
1. A thermal electric cireuit controller in-
cluding a tubular insulating enclosing cas-
ing, metal caps on the ends thereof, a fixed
contact member disposed within the casing,
a thermally expansible ‘element .connected
electrically with one of said end caps and
arranged within said casing in operative
relation with said fixed contact. 1iember,

“and 3 cylindrically-formed electric heating

element disposed within said casing to. lie
along the length of and close to said thermal-
ly expansible element and having its ends
electrically connected with said metal caps.

92..A thermal electric circuit controller
inclnding an enclosing casing, metal end
caps carried thereby, an insulated stationary
contact member carried by said casing and

having attaching means for a circwt lead

at the outer end thereof, and extended
through one of said end caps, and insulated
from said end cap, a thermally expansible

(]

80

85

20

95

100

element disposed within said casing, and -

heating means for said expansible element
disposed within said casing, and electrically
connected with said end caps. _

3. A thermal electric circuit controller
including an enclosing casing, end caps car-
ried thereby, a fixed contact member carried
by said casing, a thermal element disposed
within gaid casing in operative relation with

said contact member, and an electrical heat- -

ing element comprising a resistance rod ex-
tended within said casing in heat-imparting
relation with said thermal element and elec-
trically connecting said end caps.’

4. A thermal electric circuit controller
including an enclosing casing, end caps car-
ried thereby, an insulated fixed contact mem-

‘ber carried by and extended through said

casing, a thermal element having tubular
formation disposed within said casing in
operative relation with said fixed contact
member and an electrical heating element
disposed * within said tubular thermal ele-
ment.’ :
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5. A thermal electric circuit controller in-
cluding a fixed contact member, a spiral
thermal element having its convolutions ar-
ranged in tubular formation and cocperat-
ing with said contact member, and an elec-
trical heating element disposed within and

- in heat-imparting relation with said ther-
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mal element.

6. A thermal electric circuit controller in-
cluding a fixed contact member, s spiral
thermal element having tubular formation
with its convolutions arranged side by side,
said element fixed at one end and having its
free end disposed in cooperative relation
with said contact member, and an electrical
heating element disposed within said thermal
element and in heat-imparting relation
therewith.

7. A thermal electrie cireuit controller in-

cluding "a fixed contact member, a spiral
thermal element having tubular formation
with its convolutions arranged side by side,
said element fixedly supported at one end
and having its free end disposed to engage
and disengage said fixed contact member,
‘and an electrical heating element comprising
a resistance rod disposed within said spiral
thermal element and in heat-imparting rela-
tion therewith. S '
8. A thermal electric. circuit controller in-
cluding an enclosing casing, end caps car-
ried thereby, an insulated contact member
carried by and extended beyond said casing,
a spiral thermal element carried by one of
said end caps, and an electrical heating ele-
ment disposed within said thermal element
and electrically connected with said - end
caps.

g. A thermal electric cireuit controller in-
cluding an enclosing casing, end caps car-

‘ried thereby, an 1insulated fixed contact

45

60

55

60

6&

member carried by and extended within one
end of said casing on one side of the axis
thereof, a thermal element extended within
the other end of said casing on the opposite
side of the axis thereof and having an end
portion extended into cooperative relation
with said fixed contact member, and an
electrical - heating element disposed. within
said casing in heat-imparting relation with
said thermal element.

10. A thermal electric circuit controller
including an enclosing casing, end caps car-
ried thereby, an insulated fixed contact mem-

. ber carried by said casing on one side of the

axis thereof, a thermal element fixed to one
of said end caps and disposed within said
casing on the opposite side of the axis there-
‘of having an end portion extended into co-
operative relation with said fixed contact
member, and an electrical heating element
disposed within said casing in heat-impart-
ing relation with said thermal element and
electrically connected with and supported
by said end caps.

1,574,508

11. A thermal electric circuit controller
including a tubular enclosing casing, end
caps carried thereby, an insulated fixed con-
tact member carried by said casing, a ther-
mal element disposed within said -casing in
cooperative relation with said fixed contact
member, said end caps having aligned aper-
tures therein adaptef to recelve and support
an electrical heating element for said ther-
mal element. _

12. A thermal electric circuit controller
including a tubular enclosing casing, end
caps carried thereby, an insulated fixed con-
tact member carried by said casing, a ther-
mal element disposed within said casing in
cooperative relation with said fixed contact
member, said end caps having aligned aper-
tures therein adapted to receive and support
an electrical heating element for said ther-
mal element and a rigid electrical heating
element extended within said casing and re-
ceived in and supported by the aligned
apertures in said end caps. '

13. A thermal electric circuit controller
Imcluding a tubular enclosing casing, end
caps carried thereby, an insulating plug re-
ceived in one end of said casing, a fixed con-
tact member carried by said plug and ex-
tended within said casing, a thermal element
disposed within said casing in cooperative
relation with said fixed contact member, and
an electrical heating element for said ther-
mal element disposed within said casing and
electrically connecting said end caps.

14. A thermal electric circuit controller
including a tubular enclosing casing, end
caps carried thereby, an insulating plug re-
celved within one end of said casing, a con-
tact member. carried by said plug and ex-
tended within said casing, a thermal element
having tubular formation carried by one
of said end caps having its free end disposed
in cooperative relation with said contact
member, and an electrical heating unit ex-
tended through said tubular thermal ele-
ment and between and electrically connected
with said end caps.

15. A thermal electric circuit controller
including a spiral thermal element fixed at
one end and having its other end extended
laterally outward beyond the bounds of the
spiral and free for angular movement, a
fixed contact member cooperating with the
free end of said thermal element, and fixed
supporting means on which the free end of
sald thermal element is angularly movable.

16. A thermal electric circuit controller
including a spiral thermal element fixed at
one end and having its other end free for

angular movement, a fixed contact member

cooperating with the free end of said ther-
mal element, supporting means on which the
free end of said thermal element is angular.
ly movable, and an electrical heating unit
comprising a rod extending through said
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' tubular thermal element and said supporting

means. S )
17. A thermal electric circuit controller in-

" cluding a tubular enclosing casing of in-

10
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sulating material, end caps carried there-
by, a spiral thermal element having oOne
end fixed to and connected electrically

-with one of said end caps and extended

within cne end of said casing and having its
inner end free to move angularly, an in-
sulating plug received within the other end
of said casing, a fixed contact member car-
ried by said plug and disposed in cooperative
relation with the movable end of said ther-
mal element, said insulating plug having a
supporting projection for said tubular ther-
mal element received loosely within the in
ner end of said thermal element. :
18. A thermal electric circuit controller
including a tubular enclosing casing of in-
sulating material, end caps carried thereby,
a spiral thermal element having one end fixed
to and connected electrically with one of said

- end caps and extended within one end of

25

30

said casing and having its inner end free

to move angularly, an insulating plug re-

ceived within the other end of said casing, a
fixed contact member carried-by said plug
and disposed in -cooperative relation with
the movable end of said thermal element,
said insulating plug having a supporting
projection for sald thermal element received

. loosely within the inner end of said thermal

35
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element said end caps and insulating plug,

having aligned apertures arranged to receive
an electrical heating unit. N

19. A thermal electric circuit controller in-
cluding a tubular enclosing casing of in-
sulating material, end caps carried thereby,
a spiral thermal element having-one end
fixed to and connected electrically with one
of said end caps and extended within one
end of said casing and having its inner end
free to move angularly, an insulating plug
received within the other end of said cas-

/ing, a fixed contact member carried by said

plug and disposed in cooperative relation

" with the movable end of said thermal ele-

ment, said insulating plug having a sup-

porting projection for said thermal element’

received loosely within the inner end of said

. thermal element said end caps and insuiating
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plug having aligned apertures arranged to
receive an electrical heating unit and an
electrical heating unit comprising a resist-

.ance rod received in said aligned apertures

and connected electrically with said end
caps.

20. A thermal electric circuit controller
including a tubular enclosing casing, end

-caps carried by the ends of said casing, an

insulated contact member comprising a bar
disposed within .said casing having a ter-

"minal extended outwardly beyond the end

of the casing, and a thermally expansible

s

element disposed within said casing in op-.
erative relation with the inner end of said
bar. o :
21. A thermal electric circuit controller
including a tubular enclosing casing, end
caps carried by the ends of said casing, an
insulating member received in one end of
said casing and extended outwardly beyond
the end thereof, and the end cap on the cas-
ing, a contact member carried by said in-
sulating member having its inner end dis-
posed within the casing and its outer end
extendeda outwardly through the end of said
insulating member, and a thermally expan-
sible member disposed within said casing in
operative relation with said contact member.
22. A thermal electric circuit controller in-
cluding a tubular enclosing casing, end

caps carried thereby, stationary and movable

contact members disposed  within said eas-
ing, a thermal element controlling one of
said contact members, said casing having a
peep hole through its side wall disposed
above said contact members.

23. A thermal electric circuit controller
including a tubular enclosing casing, end
caps carried thereby, stationary and mov-
able contact members disposed within said
casing, a thermal element controlling one of
said contact members, said casing having a
peep hole through its side wall disposed
above said contact member and an adjusting
hole through its side wall for said stationary
contact member. ‘

24. A thermal electric cireuit controller in-
cluding a tubular enclosing casing, end caps
carried thereby, a thermally expansible ele-
ment disposed within said casing, a fixed
contact member disposed within said casing
In cooperative relation with said thermal
element, said casing having a peep hole
through its side wall disposéd above said
fixed contact member and thermal element.

25. A thermal electric circuit controller -

-including a tubular enclosing casing, sta-

tionary and movable contact members dis-
posed within said casing, a thermal element
controlling one of said contact members,
said casing having a peep hole through its
side wall above said contact members, and
sealing means for said peep hole.

. 26. A thermal electric cirenit controller
including a tubular enclosing casing, con-
ducting end caps on the ends thereof, an in-
sulating plug received within one end of said

70

75

80

85

90

95

100

105

110

115

120

casing and having a projection extended _

through one of said end caps, a fixed con-
tact member carried by said plug and hav-

.ing a terminal-portion thereof extended out-

wardly and through said plug-projection, a
thermally expansible elemeht disposed with-
in said casing in operative relation with

125-

said fixed contact member, and means to

heat said thermally expansible element.
27. A thermal electric circuit controller
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having a thermally expansible ‘element, a

10

15

20

fixed contact member cooperating therewith,
an electrical heating element for said ex-
pansible element having a portion thereof
exposed for transfer of heat to said expan-
sible element and having another portion
thereof shielded from heat-radiation.

98. A thermal electric circuit contrcller’

comprising a thermally expansible element,
a cooperating contact member, an electric
heating element for said thermally expan--
sible element, circuit terminals connected:
electrically to the ends thereof, and heat-
insulating means disposed to cover a portion
of said heating element between the e¢nds
thereof ‘and expose, a portion thereof to
heat-imparting relation with said thermally
expansible element. '

99. A thermal electric circuit conttoller
having a thermally expansible element, an

electrical heating element for the thermally

expansible element, and a heat radiator ar-

" ranged in thermal conneéction with at least

26+
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. arranged in thermal connection with said-

35
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one end of said heating element.

including the combination of an enclosing

casing, a thermally.expansible element dis-
posed therein, an electrical heating element -
for the thermally expansible element dis-

posed within said casing, and heat radiators

heating element and disposed without said
casing. "

posed within said casing having exposed
end-terminals, and a spiral thermal element
disposed within said casing and enclosing
said heating element. '
32. The combination of a tubular enclos-
ing casing, an electrical heating element dis-
posed within said casing having exposed
end-terminals, a spiral thermal element dis-
posed within said casing and enclosing said
heating element having one end fixed, and
the other end free to' move under influence

" of heat.

50
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33. The combination of a tubular enclos-

ing casing, end caps thereon, an electrical’

heating element extended within said casing
and connected electrically with said end
caps, and also thermally therewith, whereby
there is a material transfer of heat between
said heating element and end caps when said
heating element is hot, and a thermal ele-
ment disposed within said casing in heat-
exchanging relation with said heating ele-

30. A thermal electric circuit controller

1,574,508

ment and having a good thermal connection
with at least one of said end caps.

34. The combination of a tubular enclos-
ing casing, énd terminals thereon, an elec-
trical heating element extended within said
casing and connected with said end termi-

‘nals, and a spiral thermal element enclosing

said heating element. , ,

85. The combination of a tubular enclos-
ing casing, end terminals thereon, an clec-
trical heating element extended within said
casing and connected with said end termi-
nals, and a spiral thermal element enclosing
said heating element having one end fixed
and the other end free to move, said casing
having an aperture adjacent the free end of
said thermal element.

.- 86, The combination of a tubular enclos-
“ing casing, an electrical heating element dis-
.posed within- said casing having exposed

end-terminals, and ‘a thermal element dis-

‘posed within said casing in heat receiving
‘relation with said heating  element, said
-thermal element having one end fixed and
‘the other end free to move, and said casing

having an aperture adjacent the free end of
said thermal elément and across which aper-

‘ture the free end of said thermnal elemeat is

adapted to move. -
: -87: The combination of a tubular enclos-

‘ing- casing, a metal end cap forming a clos-

ure for one end of said casing, an electric

. 7 .. heating element disposed within said casing
31. The combination of a tubular enclos-. ar
ing casing, an electrical heating element dis-"

and having an electrical and also a thermal
connection: with said end cap, whereby there
ig provision . for a material transfer of heat
between said heating element and end cap,
and a thermally-expansible element disposed
within said casing in proximity to said heat-
ing element and also having an electrical and
thermal connection with said end cap.

38. The combination of a tubular enclos-
ing casing, an end cap forming a closure for

‘one end of said casing, a conducting sup-

port carried by said end cap within" said
casing, an electri¢ heating element disposed
within said casing and connected electrically
with said support and -also thermally there-
with for material heat flow therebetween,
and a thermally expansible member disposcd
within said casing in proximity with said
heating element and connected electrically
with said support and also thermally there-
with for material heat flow therebetween. -

In testimony whereof I have signed my
name to this specification.’ :

GEORGE W. O’KEEFFE.
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