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2,428,899 : '
ELECTRICAL HEATING ELEMENT

Edwin L. Wiegand, Pitisburgh, Pa., assignor to
Edwin L. Wiegand Company,

Pittsburgh, Pa.,

& corporation of Pennsylvania
Application October 21, 1940, Serial No. 361,997
10 Claims. (CI. 201—67) )

My invention reates to electrical resistance
heating units or elements of various types com-
prising a resistor disposed within and Insulated
from a metal sheath. The principal object of
my invention is to provide new and improved
electrical heating elements or units of these types,
and to provide new and improved processes of
making heating elements or units of these types.
This application is a continuation in part of my
-application Serial Number 236,847, filed October
25, 1938, . o

In the drawings accompanying this specifica-
tion, and forming g part of this application, I
have shown, for purposes of {llustration, several
forms which my invention may assume, and in
these drawings:

Figure 1 is a fragmentary side view of an elec-
trical heating element in an intermediate stage
of & process of making an element in accordance
with my invention,

Figure 2 is an enlarged cross-sectional view
taken on the line 2-—2 of Figurel, .

PFigure 3 is an enlarged fragmentary view of
8 side of an element in g later stage of a process
of ‘making an element in accordance with my in-
vention, : R :

Figure 4 is an enlarged fragmentary side view
of an element in the stage shown in Figure 3,
but looking in a direction at right angles to the
directfon in which the element 15 viewed in Fig-
ure 3, : .

Figure 5 is an enlarged cross-sectional view
taken on the line 5—8 of Figure 4, looking in the
direction of the arrow. y

Figure 6 is & cross-sectional view showing dies
ready to press-forge an element to its fina] cross-
sectional form, the element in this instance hav-
Ing a cross-sectional form such as. shown in
Figure 5,

Figure 7 is a cross-sectional view showing the
flies and element after the dies have been brought
together, :

Figure 8 is a cross-sectional view of an electri-
cal heating element embodying my invention,

Figure 9 is a fragmentary perspective view of
an electrical heating element in an intermediate
stage of a process of making another embodiment
of an element in accordance with my invention,

Figure 10 {5 a plan view of another e'ement em-
‘bodying my invention, o '
- Figure 11 is g section taken

of Figure 10,

Figure 12 is a plan view of another element

embodying my invention,

on the line {{—f{
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.plate showing

Figure 13 fs a section taken along the line
13—18 of Pigure 12,

Pigure 14 i a cross-sectional view of another
element embodying my invention,

Figure 15 ig g fragmentary plan view of the
resistor of the element shown in Figure 14,

Figure 16 is a cross-sectional view of another
element embodying my invention, '

Figure 17 is a fragmentary perspective view of
the resistor of the element shown in Figure 16,

Figure 18 is a cross-sectional view of a hot
associated therewith another ele-
ment or elements embodying my invention,

Pigure 19 is a cross-sectional view of a press
platen or the like showing associated therewith
another element or elements embodying my in-
vention, and

Figure 20 is a cross-sectional view of another
element embodying my invention.

The element shown in Figures 1 and 2 com-
prises a rectilinear tubular metal sheath 30 of
circular cross-sectional outline, within which is
disposed a resistor 31 of desired form, in this in-
stance a helix of resistance wire: The resistor 31
is embedded in refractory electrical-insulating
heat-conducting materia} and desirably uniform-
ly spaced from the Inside wall of the sheath 30.
Projecting from the ends of the sheath 30 and
extending into the insulating material 32 within
the sheath a desired distance are terminalg 33,
these being suitably connected to the ends of the
resistor 31. One way in which a metal-sheathed
insulated resistor such as shown in Pigures 1 and
2 may be produced is to dispose a resistor in a
tubular metal sheath so that the resistor is spaced
from the inside walls of the sheath, and then
introduce refractory insulating material in a
granular, or comminuted, or powdered state into
the sheath, the insulating material being com-
pacted to any desired degree and in any desired
manner. However, my fnvention is not limited to
any particular way of producing such a metal-
sheathed insulated resistor. The sheath may be
made in any desired and suitable way and as-
sembled with the resistor and insulating materia] '
in any desired and suitable manner and in any -
desired sequence,‘and the insulating material may
be compacted in any desired and suitable manner,

While I prefer not to compact the insulating
materia] 32 by swaging the sheath 30 to g smaller.

circular outline because this operation draws and
elongates the sheath and hag other objections, as
will appear, my invention is also applicable in
case a metal-sheathed resistor Such as shown in
2 has involved swaging and elonga-

Figures 1 and
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tion of the sheath. I prefer to use any method of
preliminarily compacting the insulating material
which will not elongate the sheath. I then pre-
fer next to side-press the sheath 30 so that its
cross-sectional outline is generally elliptical or
oval, or, in general, of oblong form. This step is
particularly desirable if in its final form the ele-
ment is to have a non-rectilinear longitudinal
axis, but is also useful and desirable even if the
element is to remain rectilinear, as will appear.
The element shown in Figures 1 and 2 is placed
between dies (not shown) having similar matrix
portions which when brought together will pro-
duce the desired oblong cross-sectional outline.
When the element is so side-pressed it may as-
sume an oblong cross-sectional form 30a such as
shown in Figure 5, the resistor also assuming a
corresponding oblong cross-sectional aspect as
shown at 3fa. When the element is viewed from
the side and in the plane of the major axis a of
the cross-section 30a it appears as in Figure 3,
and when viewed in the plane of the minor axis
b of the cross-section 30a, it appears as in Figure
4. Tt will be understood that when the element is
in the form shown in Figures 3, 4, and 5, the lon-
gitudinal axis thereof still is rectilinear, and as
shown in these figures, the sheath is not side-
pressed to an oblong cross-sectional oufline
throughout its entire length but an end portion 3%
at each end may be left of circular cross-section.
The portion 30a of oblong cross-sectional outline
desirably overlaps a portion of that part of a ter-
minal 33 which is disposed within the sheath 30.
The side-pressing operation just described serves
to compact the insulating material 32 to a suffi-
cient degree, if it is not already so compacted, to
maintain the resistor 3{ in a central position with-
in the sheath 30 when the element is subsequently
bent to non-rectilinear form or when it is other-
wise worked, or both.

I prefer that the oval or oblong cross-section
30a have a major axis approximately the same as,
or at least not materially greater than, the di-
ameter of the original circular section of the
sheath. Dies which bring the sheath to such oval
form will of course conflne the sheath against
free elongation in the direction of the major axis,
the oval or oblong shape being secured instead by
reduction of the diameter of the sheath in the
direction of the minor axis.

Whether or not the element chown in Figures
3, 4, and 5 is bent to non-rectilinear form, that
portion thereof which is of oblong cross-sectional
outline 30a, or a desired longitudinal part there-
of, is placed in the matrix 36 of a die 3T as shown
in Figure 6. The matrix 36 is of generally V-shape
cross-section having straight sides 38, 39 making
between them an angle of 60°, the bisecting line
of the angle being normal to the upper flat face
40 of the die. The apex of the triangle formed by
the sides 38, 39 is here shown as rounded off by a
fillet 41. The element preferably is so placed in
the matrix 36 that the major axis of the oblong
cross-sectional outline 30a coincides approxi-
mately with the line bisecting the angle between
the lines 38, 3. Another die 42 having a flat
operating face 43 is then brought down against
the element until the dies 37, 42 contact as in
F.gure 7, thereby press-forging the element so
that its cross-sectional outline 38b is generally
triangular. Thus, the sheath now has two walls
43 44, (Figure 8), the major portiors of which are
flat and make between them an angle of 60°, these
walls merging in a rounded apex 45 formed by the
fillet 41 of the matrix 36. The third wall 46 is
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substantially entirely flat and makes with the
walls 43, 44 angles of 60° respectively. Thus in
this particular element the flat portions of the
walls 43, 44 are respectively of less cross-sectional
extent than the substantially-entirely flat wall 46.
This is of advantage under some circumstances
of use and is the reason the fillet 45 is provided.
The radius of the fillet may be as desired, or the -
matrix may be V-shaped with no fillet at the apex.

The cross-sectional perimeter of the cavity
formed by the matrix portion 36 of the die 37 and
the face 43 of the die 42 when the faces 40 and 43
of these dies are in contact as in Figure 7, is pref-
erably such that the perimeter of the generally
triangular cross-sectional outline 30b of the ele-
ment is less than the cross-sectiona] perimeter
of the original circular section sheath 30. How-
ever, even if the perimeter of the final cross-sec-
tion shown in Figure 8 is substantially the same
as the perimeter of the original sheath, the press-
forging of the element to a generally triangular
cross-sectional outline results in a very large re-
duction in cross-sectional area and hence in com-
paction of the insulating material 32 to very great
density. The corners 47, 48 of the cross-section
are slightly rounded, the amount of this rounding
depending on the relation between the original
section of the element and the cavity between the
matrix 36 of the die 37 and the face 43 of the
die 42, ’

By pressing the element to generally triangular
cross-sectional outline the resistor 31 is reformed
so that its cross-sectional aspect 31b is generally
triangular as shown in Figure 8, the outline of the
resistor being substantially similar to and sub-
stantially uniformly spaced from the outline of
the inner wall of the sheath, and more nearly so
if, as in this instance, the sides of the sheath de-
fine a triangle the adjacent sides of which are at
60° to each other. In general, however, in an
element triangularly pressed, even if the angles
are not all 60°, there is a minimum of undesirable
flowing or displacement of the insulating material
so that there is & minimum of displacement of the
resistor from a symmetrical and uniform poasition
with respect to the walls of the sheath. In the
finally pressed element, as shown in Figure 8, the
resistor is uniformly spaced from the flat walls
43, 44, 46 but is closer to these walls than it is .
to the inner wall of the sheath when the sheath
is of either the original circular or oblong cross-
secticnal outlines as in Figures 2 and 5 respec-
tively.

The pressures which I prefer to use to press the
element to triangular cross-sectional outline are
so high that the element is to be regarded as not
merely deformed or pressed to generally triangu-
lar cross-section but as press-forged. I prefer
to use pressures of 25 tons per square inch or
more. For example, 1 use a press capable of ex-
erting a pressure such that when the die 42
reaches the end of its stroke the pressure on the
surface of the wall 46 of the element is approxi-
mately 40 tons per square inch, or more. These
pressures -are so high that the material is “up-
set.” This is evidenced, for example, by the fact
that the resistor 31 is upset and shortened, that
is, in effect forged. For instance in the case of a
resistor in an initially circular section tubular
sheath about % of an inch to 4% of an inch in out-
side diameter and having a wall thickness of .030
of an inch, the resistor is upset and shortened to
such an extent that its electrical resistance is de-
creased approximately 8 to 10%, when the element
has been subjected to approximately 40 tons per




square inch as hereinbefore described. The
amount of upsetting and decrease will of course
depend upon the pressure used and I give the
foregoing as an illustration that a press-forging
action does take place, and not by way of limita-
tion to particular dimensions or other values.

For any given density or compaction of the in-
sulating material, a triangular section element
will .contain less insulating material, and hence
the .sheath will become heated more quickly.
Also, for a given initial amount of insulating ma-

terial, the insulating material in an element em- .

bodying my invention is compacted to a super-
density, thereby, further improving its heat con-
ducting properties. In general, a triangular sec-
tion element provides the optimum combination
of rigidity and strength with a greater ratio of
sheath area to element volume and weight. Or
stated in another way, it provides a greater ratio
of perimeter to sectional area and what is more
important, a much larger.percentage of perimeter
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and sheath area may be brought into contact with' _

an object.to be heated, and the path of conduc.
tion from the opposite extreme point on the
sheath is considerably reduced from what it is
in,: for example, g round section merely pressed
somewhat flat on one or hoth sides. For any one
or.more of these reasons, heat is more quickly
conducted from the resistor to the sheath.,

Furthermore, I have made comparative tests
on tubular heating elements. of circular section
and tubular heating elements of triangular sec-
tion made in accordance with my invention from
tubular sheath the same size as the circular sec-
tion:elements and have found that the watts in-
put per square inch of external active surface of
the heating element required to fuse the resistor
Is approximately 15 to 259% higher in the case of
the triangular section elements than it iIs in the
case of the circular section elements. Referring
to an element of the size hereinbefore mentioned,
the resistor fusing point is raised to
watts per square inch of active. resistor area.
This is because the temperature gradient from
the very center of the element section to the outer
surface of the sheath is considerably reduced over
other constructions. Obviously this feature per-
mits material increase In the maximum normal
.operating capacity or temperature or both. By
way of example, an element of the size hereinbe-
fore. mentioned may be normally operated at
about 50 to 60 watts per square inch of active
surface, in open air af room temperature. By
active surface'of the sheath I mean the surtace
of the sheath surrounding and longitudinally co-
extensive with the resistor. i

I prefer first to side-press the element to an
oval or oblong cross-section before placing it in
the die 31, even if the longitudinal axis of the
finished element is to be rectilinear, but 1 may
also place an element of circular sectfon in the
die 37 and press-forge it to triangular cross-sec-
tion. '

An element in accordance with my invention
may be made of non-rectilinear form in which

tilinear form as shown in Figures 1 ang 2,
to side-press it to an oblong cross-sectiona] out-
line as shown in
bend an active portion 50 thereof as shown in Fig-
ure 8. In bending the active portion 50 1 Prefer
to bend it in the plane defined by the minor axis b
of the oblong section. If desired an end portion
51, or both eng portions, of the element may be
bent out of the Plane defined by the bent active

Figures 3, 4, and 5 and then to -
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Portion 80, this end portion 8| being joined to
the active portion 50 by a bent portion 52 bent
in the plane of the major axis of the oblong sec-
tion, or the terminal zone between the active
portion and the extremity of the element may be
further pressed round before bending or to any
other desirable shape for optimum bending con-
ditions and to secure maximum compactness at
this zone.  The active portion 50 may be bent
in the form of a spiral, or in any other desired
form. In any case the bent active portion 58
is placed in a die having a triangular matrix por-
tion, similar to the matrix portion 36, this matrix
portion of course having a longitudina) axis cor-
responding to the longitudinal axis of the bent
active portion 50. The active portion 50 is then
press-forged to triangular section as hereinbe-
fore described.

An element in accordance with my invention is
extremely rigid, though it be long, or have a non-
rectilinear longitudinal axis, or both. :

Figures 10 and 11 show an element embodying
my invention, which has an active portion 53 of
spiral form and of triangular cross-section, hav-
ing wall portiong 55, 56, 51, the wall portion 55
defining a plane corresponding to the genersl
blane of the spiral. The element has end por-
tions 88, similar to the end portion 81 of Figure
9, which extend transversely of the plane of the
spiral and, in this instance, are disposed at that
side of the element opposite from the plane of the
wall §5. -

Figures 12 and 13 show an element embodying
my invention, which 1s similar to the element
shown in PFigures 10 and 11 except that the ele-
ment of Pigures 12 and 13 has end portions 584
which, while they extend transversely of the gen-
eral plane of the spiral active portion 83a of the
element, are disposed at the same side of the
element as the plane defined by the wal] 55a cor-
responding to the wall 58 of the element of Fig-
ures 10 and 11, .

One use for heating elements such as shown in
Figures 10 through 13 is in electric ranges but
their use is not limited to that purpose,

It will be noted that if an object to be heated
and having a generally plane surface is placed
against the wall 85 of the element shown in Fig-
ures 10 and 11, there will be a comparatively large
area of contact between the object and the ele-
ment so that under these conditions the object
is heated largely by conduction, On the other
hand, if such an object is placed against the upper
defining surface, as viewed in Figure .13, of the
element shown in Figures 12 and 13, the object
will be in contact with the apexes of the trian-
gular sections and will be heated mainly by radia-
tion from the walls 56a and 87z of the element,
It will be noted that due to the triangular section
of the element the bulk of the radiation from the
element is directed upwardly. The bulk of the
radiation from the walls §6q, 514 is directed diag-
onally upwardly in respectively opposite direc-
tions considering any given portion of the ele-
ment. By reason of the diagonally upward direc-
tion of the radiation, the opbposed surfaces 58q
and 8%a of adjacent portions of the spiral do not
inter-radiate to any great extent, and inter-radi-
ate much less than if the walls §8a, 5Ta were not
beveled or inclined with respect to the general
Plane of the element. In general, the amount of

downward radiation from the wall 88a is much
less than the upward radiation from the walls
By decreasing the width of the wall

§6a, B1a.
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§8a with respect to the walls 58a, 67a the down-
ward radiation may be made still less if desired.

It will of course be apparent that what has
been hereinbefore stated with respect to reduced
inter-radiation between adjacent portions of a
spirally formed element applies also to adjacent
portions of separate elements and whether the
longitudinal axes of the elements are spiral, rec-
tilinear, or of any other form.

The resistor may be constructed and arranged
so that it is non-symmetrical with respect to the
cross-section of the heating element in any de-
sired cross-sectional form, either in connection
with the forms herein illustrated or in connection
with any desired form. Figure 14 is an example
of such a construction, and shows a cross-section
of an element having a metal sheath 89 similar
to the sheath shown in Figure 8, a resistor 80
being embedded in insulating material 81 within
the sheath. In this instance the resistor 80 is of
sinuously formed wire as shown in the plan view
of Figure 15 and defines a surface collateral with
the inside surface of the wall 62 of the sheath as
shown in Figure 14, the wall 62 corresponding in
this instance to the wall 46 of the element of
Figure 8. This construction may be utilized if it
is desired that the wall 62 be directly heated more
than the other walls.

A further example is shown in Figure 16. A
heating element is here shown in cross-section,
this element comprising a sheath 63 similar to that
of the element shown in Figure 8, but including a
resistor 64 so constructed and arranged that its
principal heating effect will be -on the sides 685,
86 of the sheath, less heat being supplied toward
or to the side 61. A fragmentary portion of the
. resistor 64 is shown in perspective in Figure 17.
The resistor 64 is here shown as in the form of a
wire bent back and forth in zig-zag or serpen-
tine manner, the so-bent wire being further bent
as a whole so that it defines a dihedral angle, the
defining sides of which are adapted to be disposed
adjacent the inside walls of the sides 65, 66 of the
sheath, with the apex of the dihedral angle adja-
cent the inter-section of the sides 65, 66. It will
be understood that the resistor 64 initially may
be of a form different from that shown in Figures
16 and 17 and may assume the form there shown
by reason of the side-pressing of the heating ele-
ment. On the other hand, as far as the feature
of unsymmetrical heating is concerned the sheath
initially may have the general cross-sectional
shape of the finished heating element in which
case the resistor 64 ordinarily will be formed
initially to be complementary to the desired sur-
face of the inside of the sheath. Accordingly, it
will be understood that the use of an unsym-
metrically disposed resistor is not limited to the
forms of elements herein shown, nor to the
processes of making them herein disclosed.

The construction shown in Figure 14 may If

desired be embodied in an element such as shown.’

in Figures 10 and 11 the wall 62 then correspond-
ing to the wall 55. The construction shown in
Figure 16 may, if desired, be embodied in an ele-

ment such as shown in PFigures 12 and 13 the
walls 65 and 66 then corresponding to tbe walls .

56a and 57a. :

In Pigure 18 is shown a hot plate, which may
be used for cooking purposes or the-like, this
comprising a metal plate 68 having triangular
grooves 69 in which are disposed the active sheath
portions 10 of a triangular section heating ele-
ment or elements, it being understood that the
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grooves 69 are of any desired axial configuration
to accommodate the element or elements. The
cross-section of the active portions 710 is substan-
tially complementary to the cross-section of the
grooves 69. Press-forging of the element results
in the resistor 90 of the element assuming tri-
angular form substantially similar to the sheath
10. A triangular section heating element is ex-
ceedingly well adapted for cooperation with a
hot plate or the like because of the ease with
which triangular grooves, complementary to the
heating element, may be formed in the plate €8.

In the particular instance shown in Figure 18
the sheath 10 is of isosceles section having walls
11, 12, 13, the walls Tf, 12 making an angle of
less than 60° so that of course the angles between
these walls respectively and the other wall 713 are
each greater than 60°. This construction is of
advantage when it is desired that a larger part :
of the perimeter of the section shall be in con-
tact with a device to be heated. -

Figure 19 shows a press platen comprising a
metal plate T4 having triangular section grooves
15 in which are disposed the active sheath por-
tions 16 of a triangular section heating element
or elements, similarly to the case of the hot plate
of Figure 18. An active portion 16 comprises walls
11. 18. 19, the walls 17, 18 being here shown as
making an angle greater than 90°, and fitting
complementarily in the groove 15, the walls 11,
18 of course making angles of less than 60° re-
spectively with the wall 19. The resistor 81 of
the element of course also has a cross-section
substantially similar to the sheath 16. The platen
includes a metal plate 80 which bears against
the wall 19,

Figure 20 shows a section of a heating element
having a sheath the walls 81, 82, 83 of which
define an equilateral triangle, the apexes 84 of
which are slightly rounded. Under some circum-
stances it may be desirable, irrespective of the
form of the triangle, to have the walls 81, 82, 83
of the sheath slightly cambered as shown in
Figure 20, that is, the walls bulge outwardly
slightly with respect to the interior of the sheath.
In this case the resistor 92 of the element will
assume the form of an equilateral triangle the
sides of which are cambered. It will be under-
stood that'if the element has cambered walls
they are so formed by reason of the shape of the
dies between which the element is press-forged.

It will be evident from the foregoing that the
shape of the triangular section may be varied and
that for one purpose a given shape will be best
adapted and that for another purpose another
shape will be best adapted. Furthermore, the
shape of the triangular section may result in
different typical cross-sectional aspects of the
resistor one of which may bhe better for one pur-
pose and another of which may be better for an-

the resistor shall be most nearly centrally located
and uniformly spaced from the walls of the
sheath, an equilateral triangular form, or a tr'-

 angular form in which the defining lines define
-a triangle all of the angles of which are 60°, are
~.the best forms.
‘ ’girelatest uniformity of density of insulating mate-

. rial,

These forms also result in the

However, in general, the triangular form is
superior to other forms because, among other
reasons, there is a minimum of displacement of
the resistor and of the insulating material; more
uniform density of the insulating material; and
circumferential tensile stresses in any portion of
the sheath which result from other methods of



2,428,899

side-pressing, are minimized or entirely elimi-
nated.

Side-pressing in accordance with my inven-
tion, has the advantage that the tubular sheath
may be cut to specified length, assembled with
resistor, insulating material and terminals, and
then processed as hereinbefore set forth, the
predetermined length of the element being un-
altered. Furthermore, the elimination of tensile
stresses in the sheath avoids any tendency to
burst open a tubular sheath, particularly at g
welded seam. A seam may be present in a tubular
sheath for a heating element designed to operate

at very high temperature since it has not been
* found feasible to manufacture seamless tubing
from high temperature alloys such as nickel-
chrome. Tubing made from such alloys is rolled
from ribbon to tubular form and seam-welded,
which of course tends to affect the strength of
the metal adjacent the weld.

An element such as shown in Figures 1 and 2,
or an element such as shown in Figures 3, 4, and 5
may have discontinuities or voids in the insulat-
ing ‘material, or such discontinuities and voids
may be produced by bending an element of either
of these forms to a non-rectilinear form. These
discontinuities and voids are in themselves objec~
tionable, and furthermore, gases in these discon-
tinuities or voids are apt to be ionized, thereby
further reducing the insulating value of the insu-
lation, this being particularly true where the ele-
ments are designed so that the energy in-put is
such that the units operate at a desired external
temperature of from 1200° or 1400° F. to 1600° P,
or higher, temperatures at which these elements
are capable of operation. Accompanying the re-
duction in insulating value of the insulation is
also a reduction in the life of the elements. This
will be true even If the sheath is made of nickel,
or a metal alloy, for example, nickel chrome, or
“Inconel,” capable of withstanding such temper-
atures, and it Is of course understood that a
sheath made of a materlal capable of operation
at such temperatures may be used. However, the
shaping and press-forging of the elements as
described, redistributes, recompacts and further
densifies the insulating material so as to close up
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any discontinuities or voids which may be present

therein either due to the bending of the elements, -

or due to any other cause. Thus, the side press-
forging of the elements to a more efficlent cross-
section at the same time increases
elements.

50
.- the cross-sectional outline of said inside surface.
the life of the .

It will be ‘evident that the sheath may be of

other desired and suitable initial and interme-
diate forms before it is brought to triangular
cross-section; that the sheath may be of any
desired suitable metal or alloy; that the resistor
may be of any desired suitable composition, and
of any desired suitable form; that the refractory
insulating material may be, or may include, for
example, silica, or silicates, or magnesium oxide,
or aluminum oxide, or any refractory oxide or

‘combination of refractory oxides, or any other ,

suitable refractory material, desirably of a min-

eral character; that such refractory material may-

be mixed, if desired, with a bonding or cementing
material, or mixed with a clay, or with any other
" suitable binder; and that the initial form or state
of the insulating material, in- which it is intro-
duced into or assembled with the sheath, may be
varled, and, if necessary, varied to suit the form
of the sheath and the method of making it, and
to suit any desired ‘method of introducing the

-85
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Insulating material into the sheath or of assem-
bling it with the sheath.
From the foregoing it will be apparent to those

‘skilled in the art that the disclosed embodiments

of my invention provide new and improved elec-
trical heating elements, and new and improved
brocesses for making the same, and accordingly,
each accomplishes the principal object of my
invention. On the other hand, it also will be
obvious to those skilled in the art that the dis~
closed embodiments of my invention may be var-
iously changed and modified, or features thereof,
singly or collectively, embodied in other com-
birations than those disclosed, without departing
from the spirit of my invention, or sacrificing all
of the advantages thereof, and that accordingly,
the disclosure herein is illustrative only, and my
invention is not limited thereto. :

I claim:

1. An electrical heating element, comprising:
a metal sheath, having a generally triangular
cross-sectional outline; resistor means disposed
within and insulated from said sheath, said re-
sistor means being substantially continuously dis-
tributed approximately in a plane longitudinally
of one side only of said sheath. .

2. An electrical heating element, comprising:
a metal sheath, having a generally triangular
cross-sectional outline; and a resistor disposed
within and. insulated from said sheath, said re-
sistor being so constructed and arranged that it
is generally V-shaped in cross-sectional aspect
and is so disposed within said sheath that said
V-shape is generally complementary to oné of the
angles defined by the triangular cross-sectional
outline of said sheath,

3. An electrical heating element, comprising:
a metallic sheath; resistor means within and in-
sulated from said sheath, sald resistor means be-
ing substantially continuously distributed longi-
tudinally of a portion of said sheath, said re-
sistor means defining a surface unsymmetrical
with respect to the cross-sectional outline of the -
inside surface of sald sheath so that the sheath
portion nearest said resistor means is directly
heated to a substantially greater extent than
the remainder of said sheath, said surface de-
fined by said resistor means being circumferen-
tially discontinuous in cross-sectional aspect, ex-
tending circumferentially along a part only of

‘4. An electrical heating element, comprising: a
metallic sheath; resistor means within and in-
sulated from said sheath, said resistor means
being substantially continuously distributed lon-

‘gitudinally of a portion of said sheath, said re-

sistor means defining a surface unsymmetrical
with respect to the cross-sectional outline of the

~ Inside surface of sald sheath so that the sheath
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portion nearest said resistor means is "directly
heated to a substantially greater extent than the
remainder of said sheath, said surface defined
by said resistor means being approximately uni-
formly spaced from said inside surface longi-
tudinally and circumferentially and extending
circumferentially along a part only of the Cross-

" sectional outline of said inside surface.
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5. An electrical heating element, combprising: a
metallic sheath having wall portions defining a
closed generally triangular cross-sectional out.-
line; compacted refractory heat-conducting

electrical-insulating material disposed within
sald sheath and in heat-transfer contact with
the inside surface of said sheath at said wall
portions, the cross-sectional outline of said in-
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side surface and the cross-sectional outline of
said insulating material conforming to each
other; and resistor means embedded in said com-
pacted insulating material and insulated from
said sheath by said insulating material, said re-
sistor means being so distributed as to define a
surface similar to and extending collaterally with
respect to the inside surface of only one of said
wall portions.

6. A tubular, sheathed, embedded-resistor elec-
tric heating element, having an active section
comprising a tubular sheath formed toa generally
triangular cross-sectional outline, & helical resis-
tor extending approximately axially of said sheath
and formed approximately to & corresponding
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cross-sectional outline, and laterally compacted |

granular refractory material within said sheath,
of correspondingly uniform thickness between
said resistor and said sheath, embedding said re-
sistor and serving to insulate sald resistor and to
conduct the heat from said resistor to said sheath,
at least a portion of sald active section being
bent so thabt the longitudinal axis is non-recti-
linear.

7. A tubular, sheathed, embedded-resistor elec-
tric heating element, having an active section
comprising a tubular sheath formed to a gener-
ally triangular cross-sectional outline, a helical
resistor extending approximately axially of said
sheath and formed approximately to a corre-
sponding cross-sectional outline, and laterally
compacted granular refractory material within
said sheath, of correspondingly ‘uniform thick-
ness between said resistor and said sheath, em-
bedding said resistor and serving to insulate said
resistor and to conduct the heat from said re-
sistor to said sheath, at least a portion of said
active section being bent so that the longitudi-
nal axis is non-rectilinear and one side of the
generally triangular cross-sectional outline is
disposed approximately in a plane.

8. A tubular, sheathed, embedded-resistor elec-
tric heating element, having an active section
comprising a tubular sheath formed to a gener-
ally triangular cross-sectional outline, a helical
resistor extending approximately axlally of said
sheath and formed approximately to a corre-
sponding cross-sectional outline, and laterally
compacted granular refractory material within
said sheath, of correspondingly uniform thick-
ness between said resistor and said sheath, em-
bedding said resistor and serving to insulate said
resistor and to conduct the heat. from said re-
sistor to said sheath, at least a portion of said
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active section being bent so that the longitudi-
nal axis is non-rectilinear and one side of the
generally triangular cross-sectional outline is
disposed approximately in a plane, and the termi-
nal ends of said element being bent out of said
plane.

9. An electrical heating element, comprising: a
metallic sheath having wall portions defining a
closed generally triangular cross-sectional out-
line; compacted refractory heat-conducting elec-
trical-insulating material disposed within said
sheath and in heat-transfer contact with the
inside surface of said sheath at said wall por-
tions, the cross-sectional outline of sald inside
surface and the cross-sectional outline of said
insulating material conforming to each other;
and resistor means embedded in said compacted
insulating material and insulated from said
sheath by said insulating material, said resistor
means being so distributed as to define approx-
imately a V similar to and extending collaterally
with respect to the inside surface of two of said
wall portions.

10. An electrical heating element, comprising:
a metal sheath, having a generally triangular
cross-sectional outline; resistor means disposed
within and insulated from said sheath, said re-
sistor means being substantially continuously
distributed approximately in a V longitudinally
of two sides of said sheath.
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