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My invention relates to electric resistor and
electric heating units. i
Among its objects are:

To provide a relatively simple and inexpensive !

encased resistor or heating unit having a mini-
mum number of parts; to provide a resistor or
heating unit having a relatively thin inorganic,

electric-insulating layer between the resistor and -

the outer casing; to provide a heating unit hav-
ing a relatively small heat storage mass; to pro-
vide a heating unit so designed and constructed
_that the resistor conductor can be operated at
relatively low temperature to thereby provide a
heating unit which will have a long life; and to
provide a heating unit that will have a relatively
high break<down voltage and that shall permit
of being formed into any suitable or desired
shape for application to a device or mass to be
heated. ' :

Other objects of my invention will either be

apparent from a description of my invention as
embodied in several modifications or will be
pointed out in the course of such description and
set forth in the appended claims,

In the drawings,
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" Pig. 13 is a view in side elevation of a further
modification of a resistor conductor which I may .
utilize, and, - . i

Fig. 14 is an end view of the element shown in
Fig. 13. : : -

In general my invention as disclosed and °
claimed in the instant application comprises an
outer tubular casing member 2{ which, while
preferably made of metal, can be made of any -
other suitable high-temperature-resisting and
heat-transmitting material. I may. mention
that among the metals I may use is aluminum,
particularly because I desire to provide on the
inner surface of the casing 21 a coating 23 hav-
ing an inorganic, coherent, integral, heat-con-
ducting, high temperature-resisting and electric-
insulating characteristic and I have found that

~ aluminum may-have provided thereon by means
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Figure 1 s a fragmentary perspective view of :

an outer tubular casing forming a part of the
device embodying my invention, .

Mg. 2 is a view, in side elevation, of a con-
voluted resistor strand, :

Pig. 3 is an end view thereof,

Pig. 4 i3 a fragmentary. perspective view of
a partially assembled resistor or heating unit,

Pig. 5 is a fragmentary perspective view of an
assembled resistor or heating unit,

Pig. 6 15 a fragmentary perspective view of a
finished resistor or heating unit, = = P

Pg. 7 is a fragmentary perspective view of
another form of resistor conductor in its initial
shape and in partly finished: condition, .

Pig. 8 is a perspective view thereof shown in
an intermediate and further stage of construc-

. g9 is a fragmentary perspective view of the
assembly of an outer tubular casing and the
resistor conductor of Fig. 8, .

Pig. 10 is a perspective view of a further modi- .
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‘- The main consideration as to the coating is that

now well known in the art, such a coating. Rel-
erence may be had to Patent No. 1,526,127 for a
method of providing such a coating, usually
called an “anodic” coating although such coat-
ing may be provided by other means now. well
known in the art. .

Preferably: the thickness of such a coating is
very. small and may be on the order of 0001’
and even up to .001"" and I am not limited to
any particular or definite thickness of such coat-

“ing since various methods now well known in
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the art result-in coatings of different thicknesses.

it shall have a relatively high electric-insulat-
ing characteristic so that there will be a wide
margin of safety. with regard to the break-down
voltage. FPurther, a coating of this kind should
permit of changing the shape of the heating
unit so that it can be adapted to cooperative
relation with a piece of apparatus or & mass of
material to be heated. “This, of ¢ourse, means
that the coating, at least at some of its part, will

- be subjected to bending stresses and it is, of
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‘fication of resistor conductor which I may use .

shown in partly completed. condition, .
Fig. 11 is a perspective view of the resistor
_ conductor of Fig. 10 shown in' further interme-
diate stage of manufacture, ) :
Pig. 12 is a fragmentary perspective view of an
outer casing with the resistor conductor of Fig.
11 located therein, o :

course, desirable that the coating shall not be
damaged to any appreciable extent. i '
" I desire to locate within the casing 21 a re-
‘sistor member and I have shown a small strip -
or strand 28-of any suitable or desired kind
of resistor in Pigs. 2 and 3 of the drawings. 1
have there shown the strand 28 as wound to sub-
stantially helical-coil shape and as shown, the
wider surface of the strand constitutes the outer

. periphery of each turn for a reason that will
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hereinafter appear. The material of: the re-

- sistor may be Nichrome or I may use aluminum
" or aluminum alloy. -

- Referring to*Fig. 4 of the drawings, I have
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there illustrated an electric resistor or heating -

unit embodying my invention in its intermediate

stage of assembly or manufacture and this figure .

shows a casing 21 having located therein the
helically-coiled resistor member 25.

Any suitable or desired method of effecting lo-
cation of the helically-coiled conductor 25 in the
casing 21 may be employed and I may merely
mention that it is easily possible to effect a fur-
ther winding up of the helical c¢oil into which
- conductor 25 is shown as having been formed, in
Fig, 2 of the drawings, by any suitsble means
whereupon the extended coil may be inserted in
the casing 21 after which the means provided to
give the coil the extra temporary wind-up may
be removed. The extra wind-up will reduce the
outer diameter of the coil so that it can easlly
be inserted into the outer casing and upon release
of the means used to effect the exira wind-up
the diameter of the coil will increase slightly
and the outer surface of the coil will be in close
operative engagement with the inner surface. of
. the casing. To permit of assembling the heating
unit as described shows, & certain amount of
springiness or resilience is left in the resistor dur-
ing its manufacture. .

I provide further a separator 27 in the shape of
& relatively thin strip of metal, preferably of alu-
minum, although it may also consist of some
other metal on the entire surface of which the
hereinbefore described kind of coating has been
provided as above described.

Fig. 5 of the drawings shows the separator 27
completely inserted in the outer casing 2 snd
the helical-coil conductor 25 thérein, preparatory
to subjecting the assembly t0 & heavy externally-
applied pressure, the final result being shown in
Fig. 6 of the drawings. The greater part of the
peripheral wall of the casing 20 is now positioned
in two layers substantially parallel with eech
other-and the turns of the helicaliy-coiled con-
ductor 25 are positioned in two lavers substen-
tially parsllel with each other and spaced apart
by the separator 27. For iiustrative purposes
only ¥ may make the thickness of the separator
27 on the order of .025’ or even appreciably less
than this dependent upon other conditions Pres-
ent in the assembly.

Referring now to Fig. 7 of the drawings, T have
there illustrated a conductor 29 of a kind elready
used heretofore in resistor and heating uniis.
The resistance conductor 29 was originally in the
shape of a strip of resistance material or metal
such as Nichrome of a thickness snd 2 widiéh
which, taken in connection with s plurality of
laterally-extending siots alternately extending out
to the respective edges, will give the desired length
and area of current flow path. Fig. 8 of the
drawings shows the conductor 29 after having
been shaped into substantially circular form as
seen laterally thereof, there being a slight gap 3
between the opposing.edges. This conductor has
an inherent resilience or springiness as herein-
before described for conductor 25. .

Fig. 9 shows the outer casing 21 having posi-
tioned therein the convoluted conductor 29 it
being understood that any suitable means for
effecting temporary compression of -the curved
conductor 29 so that the small longitudinal gap
81 has become substantially zero, to permit of
easy and quick insertion of the conductor 29 in
the casing 21, after which removal of the com-
pressing means will permit the conductor 29, be-
cause of its own inherent resilience or springiness,
to engage the inner coated surface of the casing
21 over substantially the entire peripheéry.
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Referring now to Fig. 10 of the drawings, I
have there shown a still further modification of
8 resistor conductor which comprises a wire .33
bent to include short substantially. paralle]l and
laterally-extending convolutions. Fig. 11 shows
the conductor 33 when it has been shaped as on
a suitable mandrel or a rod to substantially circu-
lar form laterally thereof with the end connect-
ing portions of the adjacent convolutions out of
engagement with each other. Fig. 12 shows the
conductor 33 as positioned in a coated outer
casing 21, the same method of effecting inser-
tion of the convoluted conductor 33 having in-
herenj resilience or springiness, into the casing
2i having been embodied substantially as set
forth for the modification shown in Figs. 7, 8
and 8. . .

Figs. 13'and 14 showing still further modifica-
tion of & resistance conductor, as a wire 35 wound
into helical-coil shape and the same comments
as made hereinbefore in connection with the con-

" ductor 25 shown in Figs. 2 and 3 will also apply
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to conductor 35.

It is to be understood that the structures shown
in Figs. 9 and 12 respectively are not in the final
shape, but that the next step in the completion of
the manufacture of such resistor or heating unit
is the insertion of a separator 27 within the con-
ductor 33, 35 or 28 and the subjection of these
parts to a compression force resulting in a flat-
tened hesting unit. '

It is obvious that the details of the design, con-
struction and manufacture of a heating unit em-
bodying my invention are such that when finished,
as shown for instance in Fig. 6 of the drawings,
the fattened outer tubular casing will have Leen
compressed {0 such an extent that it will hold

. the. conductor membear in- close operative and
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compressing engagement on the separator and
with its own Inner surface whereby a good heat-
fow path is provided. :

It is obvious that the coated inner surface of
the casing 2{ and the coated surface of the sepa-
rator 27 will provide electric insulation between

. the outer casing and the conducior and between

the two layers of the conductor. However, If de-
sired, I may utilize an aluminum resistor cone
ductor or an aluminum alloy and in this case the
entire surface of the aluminum resistance con- .
ductor may have provided thereon sn anodic
coating of the kind hereinbefore described. The
result of this construction will be that there will
be a greater factor of safety against breakdown
between the conductor and the casing than would
otherwise be the case. _

As above stated, the thickness of the electric-
insulating coating is relatively very small and
since it is heat-conducting and high-tempera-
ture-resisting, the length of heat flow path
through the dielectric layer, that is, through the
coating or coatings, will be relatively very small

-and will be practically unaffected by repeated

heating and cooling of & heating unit made ac-
cording to the present invention.

As above stated, the electric-insulating coating
should be able to withstand change of form of
the part with which it is associated and this will
permit of changing the general contour of the
outer tubular casing 2{ in order to adapt it to
any desired appliance or mass with which a heat-
ing unit-of this kind is to be closely operatively
associated. C

Various modifications may be made In the
structures embodying my invention as shown and
described herein and all such modifications clear-
Iy’ coming within the scope of the appended
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claims are to be considered as being covered
thereby.

I claim as my invention:

1. An encased flat resistor unit comprising an
clongated flat, convoluted two-layer metal re-
sistor member, a thin metal separator between the
two layers of said resistor member and a flat
tubular metal casing around the two-layer re-
sistor' member in tight clamping engagement
thereagainst,.the entire outer surface of the metal
separator and the inner surface of the metal
casing having thereon an integral, irorganic,
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heat-conducting, high temperature-resisting and

electric-insulating coating, the thickness of- said
coating being less than .001.

2. An encased flat resistor unit comprising an
elongated flat convoluted two-layer metal resistor
member, a thin metal separator having electric-
insulating characteristics located between the
two layers of sald resistor member and a flat
tubular metal tasing around the two-layer re-
sistor member in' tight clamping engagement
thereagainst, the entire outer surface of the metal
separator and the inner surface of the metal cas-
ing having thereon an integral, inorganic, heat-
conducting, high temperature-resisting and elec-
tric-insulating coating, the thickness of said coat-

,ing being less than .001.
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3. An encased flat resistor unit comprising an
elongated flat convoluted two-layer metallic re-
sistor member, a thin flat metal separator he- -
tween the twolayers of said resistor member and
a fiat tubular metal casing around the two-layer
resistor member holding the resistor member in -
close heat-transmitting engagement with itself
and with the separator, the inside surface of the
casing, the surface of the resistor and of the
separator having thereon an integral, inorganic,
heat-conducting, high temperature-resisting and-
electric-insulating coating, the thickness of said
coating being less than .001.

4. An encased flat resistor unit comprising an
elongated flat convoluted two-layer metallic re-
sistor conductor having on its outer surface an
‘integral, inorganic, heat-conducting, high tem-
perature-resisting electric-insulating coating, the
thickness of said coating being less than .001, a
‘thin metal separator strip between the two layers -
of the resistor conductor and & flat tubular casing
around the two-layer resistor conductor holding
the latter in close heat-transmitting engagement
with-the casing and with the separator.

CLARK M. OSTERHELD.



