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This invention relates to electric heaters and
more particularly to electric heating units of the
sheathed resistor type.

Such heaters have been used for & great many
years and commonly comprise a helical resistance
wire extending centrally through a metal tube
which constitutes the sheath, the resistance being
insulated from the sheath by a mass of dielec-
tric material which is compacted tightly within
the sheath and around and within the helical re-
sistance. . The sheath is usually of seamless or
similar circumferentially unifled tubing, such as
butt welded tubing, which is preformed so that
the resistance and insulation must be introduced
therein from the end, such seamless or similar
tubing which requires such end introduction be-
ing referred to hereinafter as preformed.

As is well known such sheathed resistances,
_after assembly thereof with the resistance em-
bedded in insulation in the tube, are frequently
bent or formed into various shapes and conflg-
urations peculiarly suited to particular service
requirements such as car heating, water tank
heating, cooking range usage, and the like. The
invention hereof, which pertains to such electric
heaters, has particular advantage in the domestic
cooking field, although it will be apparent that
its advantages will extend to other flelds where
such sheathed resistor heaters may be employed.
For the purpose of convenience, however, the in-
vention will be described in its adaptation in con-
nection with domestic cooking facilities.

The conventional hot plate or electric range
heating unit comprises one or more of the above
described sheathed resistor heaters bent or coiled
in a horizontal plane into more or less serpentine
form. Where, as is almost always the case, & plu-
rality of heating stages is desired, at least two
such sheathed resistor heaters are ususlly em-
ployed and their terminal ends are connected
with power supply lines through a switch which
provides selective connection: of the resistors in
a number of different relationships to provide

. different intensities of heat, such switches usually
affording connection of the resistors optionally in
series or in parallel or at least one individually
- with the power supply, and if & three wire feed 18
employed with high and low potential, either
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ration (In which case only a single resistor Is re-
quired and a terminal at one end thereof is led
through the timing control to one power supply
line and a terminal at the other end is connected
with the other power supply line.

Now the present invention, as previously men-
tioned, relates to sheathed resistor heaters, par-
ticularly of the preformed tubular sheath type
and employs two or more resistance helices or one
or more resistance helices and & return conductor
encased within a single sheath. The two or more
helices may be of substantially the same resist-
ance and energizable in varlous degrees by differ-
ent connections with the power source in the
manner above explained or the helices may pos-
sess widely different resistance characteristics for
furnishing additional stages of heat. Various
other modifications and combinations are possi-
ble, using a plurality of resistors in a single
sheath, and these and the many advantages to be
derived will become apparent as the description
proceeds.

A prime object of the invention is to provide a
plurality of resistances or one or more resistances
and a return conductor all encased within a sin-
gle preformed tube sheath. :

Another object is to provide an electric heater
having all of the properties and advantages of &
plurality of individually sheathed resistors but
embodied In one single sheath, and which may
be bent, together with the resistors therein, into

~ serpentine or other shapes as required without

35

relative displacement of the resistors therein.

A further object is to provide a heater em-
bodying a plurality of resistors, which is adapt-
able to all the uses of a plurality of sheathed re-

- sistance heaters, and which is simpler and more

40 -

economical to produce and which is more com-
pact. -

Another object 1s to permit all the terminals
to be located at one end of the sheath in a pre-
tormed tubular sheathed heating unit and to

" permit the other end of the sheath to be com-
~ pletely closed.

45

potential may. also be optionally impressed on =

the series, parallel or individual resistors to give

" additional heat variations, all as disclosed in

W. R. Tuttle Patent No. 2,317,967, - IR

In some cases, however, heat variation has
been effected by & timing control in which the
current to the resistor is repeatedly interrupted
at regular intervals of selectively changeable du-
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Another object is to provide a plural resistance
single preformed sheath heater of extreme flex-
ibility in adaptation, of long life, particularly ad-
vantageous in the domestic cooking fleld, and
utilizable with various conventional control de-
vices. - ) ’ C
Another object is to provide a sheathed resist-
ance which is more conveniently adaptable to
pivotal mounting than sheathed resistors hereto-
fore available.

A still further object of the invention is to
provide a method of filling or loading the en-
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casing sheath with a plurality of resistance hel-
fces and dielectric material in a manner to as-
sure accurate location of the resistors within
the sheath and adequate insulation between the
respective current conductors and also between
the same and the metallic sheath.

Yet another object Is to provide methods for
the manufacture of the novel heater thereof in
simple, expeditious and economical fashion.

With thesec and other objects in view the in-
vention comprises the novel combination and ar-
rangement of parts, and manners of effecting the
same, heretnafter fully described, lllustrated in
the accompanying drawings and particularly
pointed out in the appended claims, it being un-
derstood that the invention is not to be limited
to the specific embodiments shown and described
but that many variations and modifications
thereof are possible, within the scope of the
claims, without departing from the spirit of the
invention or sacrificing any of the advantages
thereof.

In the drawings:

Fig. 1 is a plan view of a range top electric
heating unit embodying features of the present
invention, according to a simple form thereof:

Fig. 2 is a vertical section on the line 2—2 of
Fig. 1;

Fig. 3 is a plan view of a stove top unit, similar
to Fig. 1, but embodying the invention in g modi-
fied form;

Fig. 4 is a vertical section on the line 4—4 of
Fig. 3;

Fig. 5 is a plan view of a heating unit embody-
ing the features substantially as shown in Fig. 3,
but wherein the unit is particularly adapted as
a coffee maker heater or similar household ap-
pliance;

Fig. 6 is a side elevational view of the unit of
Fig. 5;

Fig. 7 is a section on the line T—1 of Fig. 6
looking in the direction of the arrows;

Fig. 8 is a composite vertical sectional view on
an enlarged scale, showing a manner of con-
structing the heating units hereof and loading
the same with the conducting elements and di-
electric material;

Fig. 9 is a horizontal cross sectional view on
the line 9—9 of Fig. 8 looking in the direction
of the arrows; -

Fig. 10 is a plan view of a range top heating
unit, according to a modified form of the inven-
tion, employing three resistance helices in a single
sheath; and

Fig. 11 is a plan view showing a still further
modification wherein three resistance helices and
a low resistance return wire are all enclosed with-
in a single sheath.

As previously indicated, the essence of the in-
vention hereof resides in the employment of two
or more resistance helices or one or more resist-
ances and a return conductor within a single
preformed tubular metallic sheath. In the sim-
plest aspect, as in Fig. 1, the heating unit may
have two open or terminal ends with the resist-
ances connected together within the sheath to a
single terminal which projects beyond the end
of the sheath so that g single lead may be em-
ployed therefrom to the appropriate connection
of the control switch, the terminals of the re-
sistances at the other end of the unit being sep-
arate and separately connected to the switch. In
other instances, as in Figs, 3 and 5, all the ter-
minals may be located at one end in which case
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the opposite end of the unit is sealed with the
resistances connected together within that end
and connected also to a return conductor which
is also encased within the single sheath and
emerges from the other or terminal end of the
unit to form the third terminal. It is also pos-
sible, within the scope of the invention, to em-
ploy a third resistance helix either with or with-
out a low resistance return wire, as in Figs. 10
and 11, )

For an understanding of the invention in its
simplest aspect reference may be had to Figs. 1
and 2 of the drawings. Therein is shown a sin-
gle preformed tubular metallic sheath 10 coiled
in serpentine form and having two open terminal
ends |f and 12 respectively. This unit is shown
as coiled in serpentine manner to provide a hori-
zontal heating unit for use in the stove top open-
ings of electric ranges. According to customary
practice the unit is preferably flattened on its
upper surface as indicated at (3.

Positioned within the sheath 10, in the present
embodiment, are two helically formed resistance
wires 14 and (8, which are of relatively high elec-
trical resistance and formed of a suitable metal
such as the well known Nichrome. The resist-
ances |4 and I8 extend throughout the length
of the sheath 10 in substantial parallelism and
are completely embedded in a mass 16 of di-
electric or insulating material such as the com-
monly employed magnesium oxide or periclase.
The dielectric {6 is originally placed within the
sheath 10, after positioning of the resistances 14
and 5 therein, in the form of a powder or finely
divided aggregate and completely fills all of the
space between the resistances and between and
within the coils thereof and also between the re-
sistances and the metallic sheath | 0. By suit-
able processing steps the dielectric is compact-
ed into a hard dense mass and maintains suit-
able insulating conditions between the respective
resistances, the coils thereof, and between the
resistances and the sheath. This compacting to
& hard dense mass may be accomplished while
the structure is in a straight length, after which
the structure is bent in the serpentine or other
form, but I prefer, while the structure is in the
straight length, to merely compact the insula-
tion sufficiently to hold the resistances in place
in bending into the serpentine or other form and
to fully compact the insulation after the bend-
ing by flattening the unit,

At one terminal end (2 of the heating unit, each
of the resistances 14 and 15 is connected, within
the mass of dielectric 16, with a low resistance
terminal wire designated by the numerals i1 and
18 respectively which project beyond the end of
the tube. At the other terminal end (4 of the
heating unit the 2nds of the respective resistances
14 and 15 are suitably connected together, as by
a low resistance strap cr wire 19, to which is elec-
trically connected a low resistance terminal wire
20 which projects beyond that end of the tube.
As will be appreciated all of the connections with

' the projecting terminal wires | T, 18 and 20 are

70
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located within the mass of dielectric 6 in order
that the energizable elements of the device are
completely embedded within the insulating ma-
terial.

As clearly shown in Fig, 1, the three terminal
wires 17, 18 and 20 are adapted to be connected
with the binding posts of a three terminal switch
or control device, these connections being dia-
grammatically indicated at 21, 22, and 23. When

v
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so connected to a proper control device, such as
the switch disclosed in the Tuttle Patent No.
2,317,967 above referred to, a number of different
heat intensities are obtainable. In other words,
the unit of Fig. 1 is connectible to a three terminal
switch and utilizable in the same manner as the
customary range top heating device employing
two separate sheathed resistor heating elements.
In such employment the present device is capable
of all the functions and possesses all of the advan-
tages of the former units and is much more com-
pact and economical to manufacture.

In Pigs. 3 and 4 of the drawings there is shown
a modification of the arrangement just described,
applying the same general principle however. In
these figures there will be seen & single metallic
sheath 26 coiled horizontally in substantially ser-
pentine fashion with an open terminal end 26
and a closed end 27, the latter preferably termi-
nating adjacent the center of the coll. For best
effect this unit is also preferably flattened along
its top surface as indicated at 28.

The present unit likewise has at least two re-
sistance helices 20 and 30 extending in parallel
relationship throughout its length and embedded
in and insulated by the dielectric material 31, At
the open terminus 26 of the unit the resistances
are attached in the customary manner to the low
resistance terminal wires 32 and 33.

The opposite or inner end of the sheath 28 is

- completely closed and sealed, as by & metallic cap
{ndicated at 271. Adjacent this closed end and
within the unit, the ends of the resistances 29
and 30 are electrically connected by & suitable
strap or other conducting means 34 to one an-
other and to a low resistance return wire 38 which
extends the length of the unit, being completely
insulated from the helices 28 and 30 and the tube
25 by the dielectric material 31, and at the open
end 26 of the unit is connected to a third terminal
36 this low resistance return wire 38 being prefer-
ably a helix stretched out so that the successive
colls or convolutions are widely spaced somewhat
as shown in Fig. 8.

There is thus provided a tivo resistance heating
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unit wherein one end of each resistor, 32 and 33,

is connectible to terminals of a switch and wherein
the helices have their other ends connected to-
gether at 34 and to the return wire 38, which
provides the third terminal 36 for conmection to
a suitable three terminal control device. In this
instance the connections and operation of the
heating unit are identical with those explained
in connection with Fig. 1 and a suitable switch,
such as that of the aforesaid Tuttle patent, will
connect the resistances 29 and 30 in various rela-
tionships to provide different intensities of heat.
In either instance there is provided a simple
single sheath heating element or unit which has
all of the flexibility and attributes of a conven-
tional element composed of separate individual
cores and which is simpler, more compact and
more economical.
A further adaptation of the invention is illus-
trated In Figs. 5, 6 and 7 of the drawings which
illustrate a heating element particularly suitable
for employment in connection with domestic ap-
pliances such as the well known glass coffee mak-
ers. In such cases it is desirable to provide high
heat for boiling and low heat for maintaining a
warming temperature but because of the small
heating area and the practical limitations in the
bending of the sheathed resistance it has been
impractical to employ two separately sheathed
resistances so as to provide these two desired
heating conditions and accordingly most of the

50

a warming temperature.

heating devices for this purpose have been capi-
ble of only a single high heat stage.

The present invention, however, adapis ftaelf
quite nicely to the providing of & single heating
unit which will provide the desired high and low
heat stages for a coffee maker or like appliance
while employing only the conventional two wire
110 volt household current supply which is ordi-
narily available. Thus the present embodiment
employs a single metallic preformed tube sheath
40 colled horizontally in circular manner and
having an open terminal end bent downwardly
as indicated at 41. This unit employs two re-
sistance helices 42 and 43 which extend through-
out the length of the element and are embedded
within the dielectric material 44 in the manner
previously described. The opposite end of the
unit is preferably in the plane of the circle and
is closed and sealed as at 4§ preferably by a metal-
lic cap welded thereon. As explained in connec-
tion with the previous modification, the helices
42 and 43, at their ends adjacent the closed ter-
minus 45 of the unit, are connected together by
a suitable electric connection 48 which, in turn,
{s connected to the inner end of a low resistance
return wire 41 which is preferably a stretched
helix such.as shown in PFig. 8 and extends
throughout the length of the unit and emerges
ix;om the open end &1 as the return wire terminal

Similarly protruding from the end &1 of the
unit are the terminal wires 49 and §8 of the re-
spective helices 42 and 43. Thus there is pro-
vided an arrangement which, in mechanical
structure, is substantially the same as fllustrated

‘in Pig. 3, In that there are employed two resist-

ance helices extending throughout the unit and
both connected at their inner ends to a common
return conductor also extending throughout the
unit and providing a third terminal at the open
end thereof. When employed as a coffee maker,
however, the unit of the present embodiment em-
ploys helices 42 and 43 of widely different elec-
trical resistance characteristics. In this connec-
tion it has been determined that an electrical
energy output from about 660 to 700 watts is
desired for boiling purposes, while an output of
only about 70 watts is suitable for maintaining
Consequently, in the
present embodiment, the resistance characteris-
tics of the two helices 42 and 43 are gauged so
that these two approximate energy outputs can
be realized by connections with a two wire 110
volt power supply.

In one such arrangement the innermost coil
43 may possess a resistance such that when con-
nected alone to a current supply of 110 volts its
capacity will be approximately 660 to 700 watts.

- Under such an arrangement the other helix 42

6o

would be of a relatively higher resistance to af-
ford, when connected alone to the current source,

‘8 capacity of about 70 watts. Thus, by merely

76

manipulating either a simple toggle switch, or &
selective two socket connection with the supply
line, the high heat helix 43 can be energized by
connecting the return wire terminal 48 and the
terminal 50 of the helix 43 with the power sup-
ply. By the switch or changing the socket con-
nection the resistance 43 can be cut out of the
circuit and the lower heat resistance 42 ener-
gized by connecting the terminal 48 of the re-
turn wire and the terminal 49 of the resistance
42 with the power source. Thus, by simple
manipulation, a high heat is supplied by the

a low heat by the resistance #2.

resistance 43 and a
In some instances it may be desirable for high




2,450,343

heat to energize both resistances In parallel,
thereby affording a slightly higher heat than
with the resistance 43 alone and the two re-
sistances could be energized in serles to give &
slightly lower heat than the resistance 42 alone
and these henting arrangements can be provided
with the three terminals of Figs. 5 and 6.

In any event there is provided a compact and
efficient heating element employable with a sim-
Ple two wire current source and capable of sup-
plying at least two desired stages of heat.

In producing units of the present invention

the insulating resistances and return conductors
are installed in the tubular sheath while the
-latter is In .a straight length, and before the
assembly is coiled {n the serpentine, circular or
other form, and if flattened, the unit is usually
flattened after such coiling. In the proceeding
the resistances and return conductors are in-
serted through the straight tube and while the
resistances and return conductors are supported
at their opposite ends to hold them in substan-
tially the position they are to occupy, the insula-
tlon Is gradually supplied to the upper end of
the tube, and a tamper with openings there-
through to accommodate the resistors and re-
turn conductor and locate them accurately in
the tube, is reciprocated and gradually elevated
to pack the insulation in and around the re-
sistors and conductor in substantially the same
manner that the single resistance is packed in
insulation in a tube in Lightfoot Patents Nos,
1,359,400 and 1,547,335,

Thus referring to the unit of Flg. 1, assuming
the sheath 10 to be in the form of a stralght
open ended tube, the latter is placed within the
loading machine and the two helices 14 and (8§,
with their ends joined by a strap as at 19, are
placed within the sheath and anchored by the
anchoring device of the loading machine through
the medium of the terminal 20. There are then
employed two centralizing tubes, preferably
Jolned together Iongitudinally like the double
barrel of a shotgun, one to surround each of the
resistance helices 14 and (5, and the unit is
loaded with the insulating material, the two
centralizing tubes being progressively withdrawn
as the unit is filled, according to the same pro-
cedure followed when constructing a single re-
sistance unit.
loading be temporarily sealed or capped at both
ends, in the customary maner, and then swaged
to further compact the insulating material, after
which the unit may be formed into the shape and
arrangement as shown in Pig. 1. Thereafter, in
accordance with known practice, the coiled unit
may be flattened on its top by being struck with
& power hammer, and the sealing elements then
removed in the usual manner. In this flattening
the resistances which were originally cylindrical,
are deformed transversely somewhat as shown
in Figs. 2 and 4 in conformity to the transverse
deformation of the sheath.

However, different problems are encountered
when producing the units of Figs. 3 and 5 where-
in one end of the coil is permanently sealed,
and wherein all terminals emerge at one end
of the coil. The following will describe, by refer-
ence to Figs. 8 and 9, a simple and expeditious
procedure for filling and loading. the sealed end
units and also will present a particular construc-
tlon of sealed end unit which is both novel and
advantageous.

In Fig. 8 there is illustrated in somewhat en-
larged fashion, a heating unit which may ulti-
mately be shaped into either of the forms shown

The sheath will, of course, after -
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"and is ready

‘fllling procedure.

in Figs. 3 and 5, or into any other desired con-
figuration, This unit is shown a5 a composite
development and deplcts the unit in that stage
of manufacture where it has been loaded, capped,
for the usual swaging operation to
compact the insulation, except that in the lower
half of said figure the centralizing tubes and
tamper are shown as they operate during the
The description will delineate
the steps in manufacture which have resulted in
the condition of the unit as seen in Fig. 8.

This figure shows the straight tube or sheath
81 which is originally a tube open at both ends.
In initiating the construction of this unit the
tube 81 is counterbored at one end as indicated
8t 62 to receive a plug or washer 83 formed of a
ceramic material or other substance having insu-
lating properties. As clearly seen the plug 83
bears against a shoulder 54 formed as a result
of the counterbore.

In this heating unit of Fig. 8 a pair of re-
sistance helices 55 and 68 are employed, each
with a return conductor 6%z and B6a respectively
which is merely a straight or nearly straight por-
tion of the respective helix wire and which may
be provided by making the helix with a straight
length of wire at one end of sufficient length to
extend back through the sheath 5f to the other
end thereof,

Preferably however, the helix is made of slight-
ly greater length than required with a sufficient
number of extira convolutions at the end so
that these extra convolutions may be pulled
out nearly straight to serve a$ the return con-
ductor, a slight twist or spiral being retained
in the return conductor to accommodate any
elongation strains that may occur in the further
manufacture of the heater or in the use thereof,

The ceramic washer 53 is provided with an
orening §7 in line with the resistance 55 to receive
the return wire 55¢ thereof and with another
opening 58 in line with the resistance 56 to re-
ceive the return wire 56¢ thereof, and this washer
has another opening 59 therethrough, properly
spaced from the openings 57 and 58, through
which the two return wires 55¢ and 56a are con-
Jjointly bent back to return conjointly to the other
end of the sheath 51 where they are attached
conjointly to the terminal 66. :

The opposite ends of the resistors 55 and 58
are electrically connected with low resistance ter-
minal wires 64 and 65 in customary manner, these
terminals extending beyond the end of the
sheath 51, as does also the terminal 66 of the two
return wires 55a¢ and 56a.

The assembled resistors, return wires, ceramic
washer and terminals are inserted in the sheath
51 with the washer 53 seated against the shoulder
54 of the counterbore 52 and the terminals 64, 65
and 66 projecting from the opposite end of the
sheath, after which the counterbored opening

‘beyond the ceramic washer 53 may be packed with

insulation 10 and closed by a metal washer or cap

~ 1 over which the edges of the sheath may be

crimped as at 13 to hold the washer in place.
The assembly is then placed in a suitable load-
ing machine, the upper end of the sheath being
unobstructed as will be readily appreciated, In
the loading machine suitable counterweighted or
spring devices are connected through the respec-
tive centralizer tubes with the terminals 64, 65
and 66 and hold the respective resistances 55 and
56 and the return wires 55q and 56a under ten-
sion so that they will exiend through the sheath
in parallel relationship. Suitable centralizing
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tubes or tampers, such as are customarily used in
loading a single resistance unit, surround each
of the resistance helices and a similar centralizer
tube surrounds the two return wires. In the load-
ing machine the powdered magnesium oxide flows
into the sheath at the top and falls to the bottom
of the tube around the outside of the centralizing
tubes. As previously explained, these centralizing

tubes are progressively withdrawn as the sheath

fllls up with the powdered insulation from the
bottom so that, upon completion of the operation,
the sheath 51 has been fllled with powdered mag-
nesium oxide approximately to its upper end and
the centralizing tubes have been completely with-
drawn. Incidert to the vibration or agitation
provided by the loading machine and to the tamp-
ing effects customarily produced by the centraliz-
ing tubes, the powdered insulation completely fills
the sheath and the interior of the resistance
helices and betveen the coils thereof.

The preferred arrangement of the centralizing
tubes has been shown fragmentarily in Fig. 8 and
in Flg. 9. This arrangement consists of three

tubes 15, 16 and 77 placed together in parallel re-

lationship and provided at the lower ends with a
tamper head 78 having openings therethrough in
which the lower ends of the tubes 15, 16 and 11
are secured. These tubes respectively surround
the helices 55 and 56 and the return wires 55a and
§6a¢. This tamper head 718 is of skeleton form
with radially projecting fins or lugs 719 which
serve to hold the tamper head and tubes 15, 16
. and 17 in proper position in the sheath 51 and,
when reciprocated, tamps the insulating powder
compactly thereunder, the spaces between the
Iugs or fins 19 permitting the powder to pass down
below the tamper which progressively rises as the
powder accumulates -and is tamped thereunder.
Thus the powder is supplied and compacted with-
in and around the coils of the helices and around
the return wires to completely flll the space in the
sheath and hold the resistances in predetermined
spaced relation to one another and to the return
wires and the resistances and return wires in pre-
determined spaced relation to the sheath. Dur-
ing operation of the loading machine the sheath
51 is vibrated and the centralizers or tamping
tubes 15, 76 and 17 alternately lifted and dropped,
while being gradually withdrawn from the sheath
as the same fills up, and thus the powdered in-
sulation is both shaken and tamped to make the
mass as dense as possible,

Upon completion of the loading operation a
metallic washer 61, having suitable openings to
accommodate the terminals 64, 85 and €6, is in-
serted in the upper end of the sheath against the
top of the compacted insulation and the walls of
the sheath are crimped on each side of the washer
61, as indicated at 68 and 69, to hold the washer
securely in place during the subsequent swaging
operation. This completes the formation of the
straight loadeg/unlt, ready for swaging, as illus-
trated in Fig. 8.

The loaded unit is then subjected to a swaging .

operation which reduces the diameter of the unit
and also causes some elongation of the sheath.
This is a customary operation and serves to com-
pact the insulating material into a hard dense
mass. It is usually accomplished in a swaging
machine or by drawing through a suitable die.
After completion of the swaging operation the
upper end of the sheath is cut off at the crimped
area 69 and that portion together with the me-
tallic washer 67 is removed from the unit, leaving
the upper end of the unit open, but filled substan-
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‘than the others.
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tially to the end with the insulating material
which has become such a hard solid ' mass that no
retaining member is required therefor in the end
of the tubular sheath, and having the terminals
64, 88 and 66 protruding therefrom. The straight
unit may then be bent into any desired form,
such as that shown in Figs. 3 and 5, and may be.
flattened on top if desired. It forms a simple
compact unit in the form of a single heating ele-
ment which, however, contains a plurality of re-
sistances and is adaptable in any of the manners
heretofore described to provide a plurality of
stages of heat. It is found that, due to the hard-
ness and density of the compacted insulation, the
resistances and the return wire, despite bending:
of the unit into various shapes, retain their rela-
tive spacing and parallelism and do not contact or
become shorted in any way.

In addition to the forms of the invention here-
tofore described the principles thereof may also
be employed in providing a single sheath heater
having more than two resistors, as illustrated in
PFigs. 10 and 11 of the drawings which show range
‘top units employing three resistors.

Referring to Fig. 10 the unit shown is a coiled
range top heater employing the single metallic
sheath 80 leaving two open or terminal ends
81 and 82. Extending through the sheath are
three resistance helices 83, 84 and 85, the sheath
being filled with compacted insulation as pre-
viously described. Inside one terminal end 84
of the unit the three resistors are electrically
connected together, as by a connector member
86, to which is in turn connected a low resistance
terminal wire 81 forming one of the terminals
of the unit. At the other end 82 of the heater
the three resistors are provided with the sepa-
rate terminal wires 88, 89 and 90 respectively,
and these wires project from the end of the unit
as three separate terminals. Thus the unit nf
the present embodiment has four separate ter-
minals and these are connectible to known con-
trol devices which will energize the resistors 83,
84 and 85 in many different relationships from
a three wire power source.

Fig. 11 shows an adaptation of the invention
similar to Fig. 10 but wherein a return wire as
well as three resistors extend through the unit,
all four of the terminals emerging from one end

of the sheath.

Thus, in Fig. 11, the sheath 91 has an open
terminal end 92 and is closed or sealed at its
other end, as indicated at 83. The three resist-
ance helices 94, 95 and 96 extend through the
sheath and are provided, at the open end 82 of
the unit, with separate terminal wires 97, 98 and
99 which protrude from the said open end.
Within the closed end 93 of the unit the three
resistors are electrically connected together, as

‘by a connector member 100, and to a low resist-

ance return wire 10f. The Ilatter -extends
through the sheath along with the three resistors
and emerges at the open end of the unit as a
fourth terminal 102. The four terminals 97, 98,
99 and 102 are adapted to be connected to a con~
trol device in the same manner described in con-

‘nection with the heater of Fig. 10.

In employing three or more resistoi's, as in the
adaptations of Figs. 10 and 11, it will be advan-

.tageous if at least one of the resistors has mark-

edly different electrical resistance properties
In this way an increased num-
ber of variations in heat output may be realized
by different connections with the power source.

It will also be understood that a sheathed re-
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sistor of the above type may be made with only
a single resistor and a low resistance return wire
which are connected together at one closed end
of the sheat and have their two terminals at the
other end of the sheath. Such unit would be
usable 'with ordinary switch for single heat or
with intermittent control, such as disclosed in
Potter Patent 2,294,573 for infinitely variable
heat.
- Heating units such as described above are ad-
vantageous not only because of the economies
occasioned by the use of a single tube instead of
the several tubes heretofore used in the indi-
vidual sheathing of each resistance, and the
economies in operations in producing, forming
and assembling a single multiple resistance unit
instead of a number of separate individual resist-
ance units, but there are fewer unit ends to be
extended away from the immediate heating zone
to the place of electrical connection with the ter-
minals of the resistances and a resultant economy
therefrom in the length of tubing and resistances
and the amount of insulation that is required.
Moreover with the resistances contained in a
single tube there is an increased heating efficiency
because of the lesser surface area to be cooled
by the surrounding air.

Furthermore the adaptation of the invention
of the form shown in Figs. 3, 11 and 12 in which
the sheathing tube hag all of the terminals lo-
cated at one end and is closed at the other end,
not only effects an added economy because of
the saving of the length of tubing, resistances
and the amount of insulation that would other-
wise be required to extend the latter end to a
suitable place for making electrical connections
with the terminals at that end, but it also affords
a more convenient colling arrangement.

In addition to the above noted advantages of
the closed end unit, such unit because its ter-
minals are al] at one end is adaptable to a simple
and convenient pivotal mounting which will per-
mit the unit to be lifted from its normal opera-
tive position to an elevated position affording
underneath access which is required with the
usual cooking units for cleaning the unit and
the structure thereunder, an exemplification of
such simple and convenient pivotal mounting be-
ing disclosed in a separate application #566,856
filed by me on December 6, 1944.

‘While I have shown and described my inven-
tion in preferred forms, various changes and
modifications may be made therein without de-
parture from the principles of my invention, the
scope of which is to be determined by the ap-
pended claims.

‘What is claimed is:

1. An electric heater of the class described
comprising a metal sheath of preformed tubing
which is bent into a crooked form having a cor-
respondingly crooked non-rectilinear longitudinal
axis and has at least two conductors therein
correspondingly bent and extending lengthwise
thereof, said tubing having insulating powder
compressed therein into a hard dense mass within
which said conductors are embedded in spaced
apart relation throughout their length, and said
conductors being connected together within one
end of the tubing and each having at the other
end of the tubing a separate terminal extending
therefrom through that end of the tubing, at
least one of said conductors being a helical re-
sistance, said insulating powder and conductors
conjointly occupying and completely filling the
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interior of the metal tube throughout the length

- of the latter between the ends of the conductors.
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2. An electric heater of the class described com-
prising a metal sheath of preformed tubing which
is bent into a crooked form having a correspond-
ingly crooked non-rectilinear longitudinal axis
and has at least two conductors therein corre-
spondingly bent and extending lengthwise there-
of in separate zones substantially parallel with
and spaced apart transversely of the longitudinal
axis of the tubing, said tubing having insulating
powder compressed therein into a hard dense
mass within which said conductors are embedded,
and saild conductors being connected together
within one end of the tubing, and each having
at the other end of the tubing a separate termi-
nal extending therefrom through that end of the
tubing, at least one of said conductors being a
helical resistance, said insulating powder and con-
ductors conjointly occupying and completely fill-
ing the interior of the metal tube throughout the
length of the latter between the ends of the con-
ductors.

3. An electric heater of the class described com-
prising a metal sheath of preformed tubing which
is closed at one end and bent into a crooked form
having a correspondingly crooked non-rectilinear
longitudinal axis and has at least two conductors
therein correspondingly bent and extending
lengthwise thereof, said tubing having insulating
powder compressed therein into a hard dense
mass in which said conductors are embedded in
spaced apart relation throughout their length,
and said conductors being connected together
within the closed end of the tubing and each
having at the other end of the tubing a separate
terminal extending therefrom through that end
of the tubing, at least one of said conductors being
& helical resistance, said insulating powder and
conductors conjointly occupying and completely
fllling the interior of the metal tube throughout
the length of the latter between the ends of the
conductors,

4. An electric heater of the class described com-
prising a metal sheath of preformed tubing which
is bent into a crooked form having a correspond-
ingly crooked non-rectilinear longitudinal axis
and has at least three conductors therein corre-
spondingly bent and extending lengthwise there-
of, at least two of which sald conductors are
helical resistances, said tubing having powder
compressed therein into a hard dense mass in
which said conductors are embedded in spaced
apart relation throughout their length, and said
tubing being closed at one end and at the other
end thereof each of said conductors having a
separate terminal extending therefrom through
that end of the tubing, and each of said conduc-
tors having the end thereof remote from its re-
spective terminal connected within the tubing
with another one of said conductors, said insulat-
ing powder and conductors conjointly occupying
and completely filling the interior of the metal
tube throughout the length of the latter between
the ends of the conductors.

5. An electric heater of the class deseribed com-
prising a metal sheath of preformed tubing which
is closed at one end and bent into a crooked form
having a correspondingly crooked non-rectilinear
longitudinal axis and has therein a wire resistance
helix correspondingly bent and extending length-
wise thereof, said helix having an outstretched
continuation of the wire thereof extending back
through the tubing from the closed end thereof
to the other end thereof, insulating powder in the
tubing compactly confined thereby in a hard
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dense mass in which said helix and outstretched
continuation are embedded in spaced apart rela-
tion throughout their length, and two separate
terminals leading respectively from said helix and
continuation: and projecting from the last men-
tioned end of the tubing, sald insulating powder,
helix and continuation thereof conjointly occu-
pying and completely filling the interior of the
metal tube throughout the length of the latter
between the ends of sald helix and the continua-
tion thereof.

" 8. An electric heater of the class described com-
prising a metal sheath of preformed tubing which
18 closed at one end and bent into a crooked form
having & correspondingly crooked non-rectilinear
longitudinal axis and has therein at least two
wire resistance helices correspondingly bent and
extending lengthwise thereof, each of said helices
having an outstretched continuation of the wire
thereof extending back through the tubing from
the closed end thereof to the other end thereof,
insulating powder in the tubing compactly con-
fined thereby in a hard dense mass in which the
two helices are embedded in spaced apart relation
throughout their length from one another and
from both continuations, and three separate ter-
minals projecting from the last mentioned end of
the tubing, two of which said terminals lead-re-
spectively from the helices and the other of which
leads from both outstretched continuations, said
insulating powder, helices and continuations
thereof conjointly occupying and completely fill-
ing the interior of the metal tube throughout the
length of the latter between the ends of said
helices and the continuations thereof.

7. An electric heater comprising a length of
preformed metal tubing having therein a plu-
rality of helical resistors extending lengthwise
thereof separately in side by side relation, and
* insulating powder in said tubing compactly con-
fined thereby in a hard dense mass within which
sald resistors are embedded and by which the
resistors are separated and insulated from one
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another and from the tubing throughout their

length, at least a portion of the length of the
tubing and of the insulated resistors therein being
bent in longitudinally curved form, and said re-
sistors having at one end of the tubing separate
terminals leading respectively therefrom and pro-
Jecting from said end of the tubing, said insulat-
ing powder and resistors occupying and com-
pletely filling the interior of the metal tube

throughout the length of the latter between the -

ends of the resistors.

8. An electric heater comprising a length of
preformed metal tubing having therein a plurality
of helical resistors extending lengthwise thereof
separately in side by side relation, an insulating
powder in said tubing compactly confined thereby
in a hard dense mass within which said resistors
are embedded and by which the resistors are sep-
arated and insulated from one another and from
the tubing throughout their length, and terminals
leading respectively from the resistors and all
projecting from the same end of the tubing, said
tubing, resistors and compacted insulating pow-
der being conjointly bent in flat serpentine form,
said insulating powder and resistors occupying
and completely filling the interior of the metal
tube throughout the length of the latter between
the ends of the resistors.

9. An electric heater of the class described com-
prising a metal sheath of preformed tubing bent
in flat serpentine form and having therein at
least two conductors extending lengthwise there-
of and jolned together within one end of the
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tubing, sald conductors having separate terminals
leading therefrom respectively through the other
cnd of the tubing, and insulating powder in the
tubing compactly confined thereby in a hard
dense mass in which sald conductors are em-
bedded In spaced apart relation throughout their
length, one of sald conductors being a helical re-
sistance, sald insulating powder and conductors
conjointly occupying and completely filling the
interior of the metal tube throughout the length
of the latter between the ends of the conductors.
10. An electric heater of the class described
comprising a metal sheath of preformed tubing
closed at one end and coiled in flat serpentine
form, said tubing having therein two resistance
helices extending lengthwise thereof in laterally
spaced relation to one another and both lying in
substantially the same plane, said helices being
joined together at the closed end of the tubing
and- each having a separate terminal.leading
therefrom through the other end of the tubing,
and insulating powder in the tubing compactly
confined thereby in a hard dense mass in which
the resistance helices are embedded in substan-
tially parallel spaced apart relation throughout
their length, said insulating powder and resistors
occupying and completely filling the interior of
the metal tube throughout the length of the latter
between the ends of the resistors. :
11. An electric heater of the class described
comprising a metal sheath of preformed tubing
closed at one end and coiled in flat serpentine
form, said tubing being flattened at one side of
the plane of the flat serpentine form and having

. therein two resistance helices extending length-

wise thereof in laterally spaced relation to one
another, and both lying in substantially the same
plane, and a return conductor in the tubing lead-
ing from the ends of the helices at the closed
end of the tubing to the other end of the tubing,
insulating powder in the tubing compactly con-
fined thereby in a hard dense mass in which the
helices and conduct~r are embedded in substan-
tially parallel spaced apart relation throughout
their length, and thiree separate terminals pro-
jecting from the last mentioned end of the tubing

. and leading respectively from the two helices and
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the conductor, said insulating powder and helices
conjointly -occupying and completely filling the
interior of the metal tube throughout the length
of the latter between the ends of the helices.

12. A metal sheathed electrical heater of the

“class described comprising a preformed metal

tube -flattened along one side and coiled in a flat
serpentine winding with the flattened side of the
tubinglying in the plane of one side of the serpen-
tine winding, a pair of laterally spaced helical
resistances in the tubing and extending length-
wise of and in substantially equal proximity to
the flattened side of the tubing, said tubing being
closed at one end and each resistance having a
separate terminal projecting therefrom through
the other end of the tubing, and powdered insula-
tion in the tubing and confined thereby in a hard
dense mass within which the resistances and the
inner ends of the terminals are embedded, said
powdered insulation and resistances conjointly
occupying and completely fllling the interior of
the metal tube throughout the length of the latter
between the ends of the resistances.

13. The method of making a metal sheathed
plural resistance electrical heater which com-
prises inserting a plurality of helical resistances
in side by side relation endwise into a length of
preformed metal tubing, and supporting the re-
sistances at their ends in separated relation so
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that they extend lengthwise in the tubing in sub-
stantially parallel side by side relation, then
gradually introducing an insulating powder into
one end of the tubing, and at the same time pro-
gressively packing said insulating powder around
and within all of the resistors simultaneously so
as to hold the resistors in predetermined sep-
arated relation from one another and from the
tubing solely by the compacted insulating powder,
then swaging the tubing transversely to a re-
duced size and thereby further compacting the
insulating powder therein, and thereafter coiling
the tubing and contents into flat serpentine form.

14. The method of making a metal sheathed
electrical heater of the class described which
comprises inserting two helical resistances end-
wise into a length of preformed metal tubing
through an end of the latter, supporting said in-
serted helices at the opposite ends thereof in a
manner to hold the resistances outstretched re-
spectively at opposite sides of the interior of the
tubing and while thus supported progressively
filling the tubing with powdered insulation and
packing the powdered insulation in and around
the resistances progressively throughout their
length so as to embed the resistances within com-
pacted insulation and thereby hold the resistances
away from the tubing wall and in parallel spaced
apart relation at opposite sides respectively of
the interior of the tubing solely by the compacted
insulating powder, then bending the tubing with
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the insulation and helices therein into a flat
serpentine winding wherein both helices lie sub- i
stantially in the same plane between the opposite

sides of the flat serpentine winding, and there-
after flattening the tubing transversely in a di-
rection perpendicular to sald last mentioned
plane of one side of the serpentine winding and
simultaneously deforming and flattening both
helices at the sides thereof nearest the latter

plane.
WILLIAM R. TUTTLE.
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