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ELECTRICHEATING 
Eiwin L. Wiegand, Pittsburgh, Pa. 

Application February 6, 1941, Serial No. 37,625 
(C. 201-6). 15 Claims. 

This invention relates to electric resistance 
heating, and the principal object of the inven 
tion is to provide new and improved electric 
heating elements and new and improved methods 
of making the same. 

In the drawing accompanying this specifica 
tion and forming a part of this application, I 
have shown for purposes of illustration, several 
forms which my invention may assume, and in 
the drawing: 

Figures 1, 3, and 5 are fragmentary side views, 
partly in longitudinal section, illustrating steps 
in the method of producing an electric heating 
element in accordance with my invention, Fig 
lires 2, 4, and 6 being cross-sections taken on 
correspondingly numbered lines of Figures 1, 3, 
and 5 respectively. 

Figures 7 and 8 are cross-sectional views illus 
trating steps in the method of producing another 
embodiment of an electric heating element in 
accordance with my invention, and 

Figures 9 and 10 are cross-sectional views il 
ustrating steps in the method of producing still 
another embodiment of an electric heating ele 
ment in accordance with my invention. Referring first to Figures 1 and 2, in carrying 
out my method I first provide an assembly 2D 
comprising a resistor 2 of any desired suitable 
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form and a body of insulating material 22 of any . 
desired suitable form. In this instance the re 
sistor 2 is in the form of a helix of resistance 
wire and the body of insulating material 22 is 
in the form of a triangular prism. In cross 
sectional aspect the outline of the helical re 
sistor 2 is inscribed in the triangular cross 
sectional outline of the prism as shown, but the 
diameter of the helix may be greater or less 
than shown. Permanently mechanically and 
electrically connected to an end portion 23 of 
the resistor is a terminal 24 of any suitable form, 
here shown as a round metal rod coaxial with 
the resistor 2, the rod having threads 25 if 
desired. The body of insulating material 22 is 
desirably longitudinally coextensive not only with 
the resistor 2 but also with a portion of the 
terminal 24. It will be understood that the other 
end of the assembly 20 may be constructed simi 
larly to the end shown in Figure 1, so that it 
comprises a terminal for the other end of the 
resistor 2, which terminal may be similar to 
the terminal 24. 
The assembly 20 may be produced by dispos 

ing the resistor 2, with the terminals attached 
thereto, in a mold (not shown) providing a 
cavity of triangular cross-sectional outline and 
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introducing into the mold electrical-insulating 
heat-conducting material comprising any desired 
suitable granular, comminuted, or powdered re 
fractory material, mixed with any desired suit 
able bonding material. For the sake of brevity, 
the single term comminuted will be used herein 
after as referring to granular, comminuted, or 
powdered. If desired, the material comprising 
the body 22 may be compacted to a desired ex 
tent in any suitable way. The consistency and 
state of the material comprising the body 22 is 
such that the body when removed from the mold 
is in self-sustaining condition, and of course the 
entire assembly is in self-sustaining condition. 
The material of the body 22 usually contains 

a certain amount of moisture and accordingly 
the assembly 20 desirably is dried, but preferably 
it is not baked. The drying step leaves the body 
22 in a friable condition. 
The assembly 20 is then inserted endwise into 

a tubular sheath 26. The body 22 is so con 
structed that it is readily slidable into the sheath 
and preferably so that the peripheral portions 
or corners of the prism by engagement with the 
inside surface of the sheath position the assem 
bly within the sheath, the resistor being thus cen 
trally located. The sheath 26 may be of any 
desired length and ordinarily the body of insul 
lating material 22 will be of somewhat less length 
than the sheath, so that the ends of the body 
may be spaced from the respective ends of the 
sheath, but this is not essential. The length of 
the terminals 24 is such that when the assembly 
20 is disposed in the desired position in the 
sheath 26, the terminals will project a desired 
distance beyond the respective ends of the 
sheath. 
The body 22 and the inside surface of the 

sheath 26 have cross-sectional outlines which 
are non-complementary, the sheath in this in 
stance being of circular cross-section, and into 
space between the body and the inside surface 
of the sheath I introduce additional insulating 
material. 27 which may be the same kind of ma 
terial as that constituting the body 22. However, 
preferably the additional material 27 is a kind 
different from that comprising the body 22, and 
preferably the electrical properties, and particu 
larly the electrical insulating properties, of the 
additional material are better than those of the . 
body. The latter condition may be attained, by 
way of example, by making the body 22 of a 
desired comminuted insulating material mixed 
with a desired bonding material, the additional 
material 2 being a desired unbonded com 



2 
minuted insulating material which preferably is 
introduced into space between the body 22 and 
the sheath in a dry condition. It will be under 
stood that the usual bonding materials such as 
clay, for example, may affect properties of a 
mass of insulating material. By the omission 
of such a bonding material, any effect it might 
have on the electrical-insulating, heat-conduct 
ing, or other properties of the additional mate 
rial 27 will of course be eliminated. 
In the process of introducing the additional 

material 2 into space between the body 22 and 
the sheath 26, the escape of this material from 
the end of the sheath opposite from the end of 
introduction may be prevented in any desired 
way, for example by a centrally apertured plug 
28 passed over the terminal 24 and inserted into 
the end of the sheath 26 so that the end 29 of 
the body 22 and the end of the plug 28 abut 
each other. 

If desired the material 2 may be compacted 
by vibration or in any other desired suitable way. 
The plug 20, if used, may be removed and any 
suitable insulating material may be introduced 
into the space left by the plug. The article in 
the forms hereinbefore described is utilizable as 
an electric heating element, and it and the 
method of producing it have advantages, but by 
a further step, now to be described, a great fur 
ther improvement is attained. 
After the article has been brought to the state 

shown in Figures 3 and 4, a desired portion of it 
is preferably placed in a generally V-shaped 
groove of a die (not shown) the sheath being 
so positioned in the groove that the sides of 
the groove are respectively substantially parallel 
to the two lower sides of the body 22, as viewed 
in Figure 4. Another die (not shown) which may 
have a flat face parallel to the upper side of the 
body 22, is then brought down on the upper part 
of the sheath, so that when the dies are brought 
together the sheath will have a portion 30 of 
triangular cross-sectional outline as shown in 
Figure 6. One of the results is that the insulat 
ing material within the sheath is redistributed 
and greatly densified and the resistor 2 is re 
formed so that its cross-sectional aspect 2 is 
generally triangular, the outline of the resistor 
being substantially similar to and substantially 
unifornly spaced from the Outline of the inside 
surface of the sheath portion 30, the apexes of 
the triangle defined by the resistor being some 
what more rounded. Furthermore, the cross 
sectional area of the body 22 has been reduced 
so that the material of the body (as will more 
fully appear) is in a core 22a the sides of the 
cross-sectional outline of which are substantially 
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uniformly spaced from the respectively adjacent 
sides of the inside surface of the sheath portion 
3D. The resistor 2 a. is substantially uniformly 
embedded in the core 22a. Furthermore, the 
core 22a is surrounded by a layer or coating 27a. 
which is of approximately uniform thickness. 
Except as may be the case as hereinafter noted, 
the coating 2a consists of the insulating mate 
rial 2. The apexes of the section of the core 
22d are not necessarily well defined as shown in 
Figure 6, because there is a little tendency for 
the more or less sharp edges of the body 22 to be 
crushed and intermingled with the material 27, 
the sharpness of definition of the apexes of the 
section of the resulting core 22a being thereby 
lost. Nevertheless, even in such case, the amount 
of contact there may be between the inside of 
the sheath and any bonded material, or the 
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amount of bonded material there may be in the 
apex portions of the coating 2.7a, is so Small that 
from a practical standpoint the coating 2 a may 
be regarded as in effect a substantially unifornly 
insulating coating of unbonded material. The 
foregoing applies also to other embodiments of 
the invention hereinafter described and accord 
ingly is not there repeated. 

It will be evident that if (as is the case in 
the preferred form) the insulating coating a 
is unbonded material, or, in general, is of better 
insulating value than the core 22a, the resistor 
2 a will be better insulated from the sheath 2. 

It will be understood that only a high ten 
perature zone of the heating element is formed 
in the triangular section shown in Figure 6. The 
terminal Zone, being a low temperature zone, 
need not be so formed and preferably is not so 
formed. In general, any low temperature zone 
need not be so formed. Such a low temperature 
Zone may exist where a considerable length of 
an end portion of the heating element contains 
Only a small amount of resistor per unit of length, 
the central portion of the element being the active or high temperature portion. 
It has been hereinbefore assumed that the 

longitudinal axis of the heating element is recti 
linear but it will be evident that after the article 
has been brought to the form shown in Figures 
3 and 4 it may be bent to spiral form, for ex 
ample, and then the spiral portion formed to 
triangular cross-section, the end portions of the 
element being of desired suitable length so that 
they may be bent out of the plane of the spiral 
and so that the end portions extend to a desired 
location. Accordingly, the end portions in such 
case are preferably of circular section or any 
section which is readily bendable. The finished 
element may, of course, have an active portion 
the longitudinal axis of which is of non-rect 
linear form other than spiral. 
As shown in Figures 5 and 6 the element has 

an active portion 30 the flat sides of the cross 
Sectional outline of which define an equi-angular 
triangle, and these flat sides being equi-lateral, 
but the flat sides may define an equi-angular 
triangle without the sides being equilateral, or 
any other desired suitable generally triangular 
form may be adopted, if a triangular form is 
desired, depending upon the use to which the 
element is to be put. In general, in an element 
triangularly formed, even if the angles of the 
defined triangles are not all 60°, there is a mini 
nun of undesirable flowing or displacement of 
the insulating material, so that there is a mini 
nun of displacement of the resistor from a syn 
metrical and uniform position with respect to 
the triangular outline of the inside surface of the sheath. 

Referring now to Figure 7 there is here shown a 
Section of another embodiment, the section cor 
responding to the section shown in Figure 4, 
but in this instance there is an assembly, which, 
While it is of the same type of construction as 
the assembly 20, comprises a body of insulating 
material the cross-sectional outline of which is 
generally Square instead of triangular. As here 
shown the assembly comprises a helical resistor 

which in cross-sectional aspect is inscribed in 
the generally Square cross-sectional outline of a 
body of insulating material 32. The body 32 is 
constructed so that it may be slipped endwise into 
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a sheath 33 here shown as of circular cross-sec 
tion, the corners of the body positioning the as 
sembly within the sheath, so that the resistor 



2,822,988. 
is centrally located. As in the case of Figures 3 
and 4, additional insulating material 34 is intro 
duced into space between the body 32 and the in 
side surface of the sheath 33, and compacted if 
desired. Thereafter a desired longitudinal por 
tion of the article shown in cross-section in 
Figure 7 may be side-pressed in suitable die means 
to bring it to the square cross-sectional form 35 
shown in Figure 8. Analogously to the results 
described in connection with Figure 6, the in 
sulating material within the sheath 33 is redis 
tributed and densified and the resistor 3 is re 
formed so that its cross-sectional aspect 3a is 
generally Square, the outline of the resistor being 
substantially similar to and substantially uni 
formly spaced from the outline of the inside sur 
face of the sheath portion 35. Furthermore, the 
insulating material 34 now constitutes a con 
tinuous and substantially uniform coating 34a 
about the re-formed body 32a which is a core the 
cross-sectional outline of which is substantially 
similar to and substantially uniformly spaced 
from the outline of the inside surface of the 
sheath portion 35. The resistor 3 ?a is substan 
tially uniformly embedded in the core 32a, to a 
somewhat less extent than is the case of the re 
sistor 2 a with respect to the core 22a. Also, the 
coating 34a is somewhat thinner than the coat 
ing 27a. 

Referring to Figure 9 there is here shown a sec 
tion of still another embodiment, this section cor 
responding to the section shown in Figure 4, but 
in this instance there is an assembly which, while 
it is of the same type of construction as the as 
sembly 20, comprises a body of insulating ma 
terial 36 the cross-sectional outline of which is 
generally circular provided with a plurality of 
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spaced peripheral portions 37, in this instance 
three in number. The portions 37 may be some 
what like fins extending longitudinally of the 40 
generally cylindrical part of the body 36, or in 
the form of radially extending projections of any 
desired kind. As here shown the assembly com 
prises a helical resistor 38 which in cross-sec 
tional aspect is inscribed in the circular part of 
the outline of the body of insulating material 36. 
However, the diameter of the helix may if desired 
be larger or smaller. The body 36 is constructed 
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so that it may be slipped endwise into a sheath 39 
here shown as of circular cross-section, the pe 
ripheral portions 37 of the body positioning the 
assembly within the sheath, so that the resistor 
38 is centrally located. As in the case of Figures 
3 and 4, additional insulating material 40 is in 
troduced into space between the body 36 and the 
inside surface of the sheath 39, and compacted 
if desired. Thereafter, a desired longitudinal por 
tion of the article shown in cross-section in Fig 
ure 9 may be side-pressed in suitable die means 
to bring it to the triangular cross-sectional form 
4t shown in Figure 10. The results are similar 
to those already described in connection with 
Figure 6. The principal differences are that in 
Figure 10 the re-formed resistor 38a is embedded 
less deeply in the re-formed body 36a, and the 
coating 40a formed by the material 40, while also 
of substantially uniform thickness, is thinner than 
the coating 21 a formed by the material 2 in 
Figure 6. 

In general, a thinner coating is desirable be 
cause heat is more rapidly transmitted from the 
resistor to the sheath. Of course the coating 
must be thick enough to provide the desired in 
sulation between the resistor and the sheath. 
My invention may be applied in the manufac 
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3. 
ture of heating elements of the type used in elec 
tric ranges, the circular Section sheath used to 
make this type of element being approximately 
is to of an inch outside diameter and having 
a wall thickness of approximately .030 of an inch. 
However, my invention is not limited to any par 
ticular dimensions. 
I prefer to side-press or press-forge the heat 

ing element to its final cross-sectional form be 
cause this method of deforming or re-forming 
the sheath has many advantages, but other suit- . 
able methods may be tised. 
The particular geometrical figure to be used 

as the cross-sectional outline of the core depends 
upon and varies with the perimeter of the sheath 
used and the thickness of the insulating coating 
desired around the resistor in the ultimate prod 
luct. The triangle gives the heaviest insulating 
coating around the resistor for a relatively small 
internal diameter sheath, and as the perimeter of 
the sheath increases, the square figure gives a 
better proportion, and as the perimeter of the 
sheath increases still further, a pentagonal or 
hexagonal figure may be employed. In any in 
stance the sides of the sheath need not be flat or 
plane pressed but may be cambered or hollowed 
to secure any desired relationship between the 
resistor coil diameter and the insulating coating 
around the resistor. 

It will be evident that the sheath, on the one 
hand, and the assembly comprising a resistor 
and body of insulating material, on the other 
hand, may be of other desired and suitable in 
itial and final cross-sectional forms; that the 
sheath may be made of metal or metal alloy, 
for example, nickel, nickel chrome, "inconel,' etc., 
capable of withstanding elevated temperatures, 
or of any material capable of withstanding what 
ever temperature of operation may be selected; 
that the resistor may be of any desired suitable. 
composition, and of any desired suitable form; 
and that the refractory insulating material may 
be, or may include, for example, silica, or sili 
cates, or magnesium oxide, or aluminum oxide, or 
any other Suitable refractory material desirably 
of a mineral character; and that the refractory 
material occupying a selected part or selected 
parts of the sheath may be a mixture of a selected 
refractory material with a bonding or cementing 
material, or a mixture with clay, or any other 
suitable binder. 
From the foregoing it will be apparent to those 

skilled in the art that each of the illustrated em 
bodiments of my invention provides new and im 
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proved electric heating elements and new and 
improved ways of producing them, and accord 
ingly, the principal object of my invention is 
accomplished. On the other hand, it also will 
be obvious to those skilled in the art that the 
described and illustrated methods and heating 
elements may be variously changed and modified, 
or features thereof, singly or collectively, em- . 
bodied in other methods or embodiments than 
those described and illustrated, without depart 
ing from the Spirit of my invention, or sacrificing 
all of the advantages thereof, and that accord 
ingly, the disclosure herein is illustrative only, 
and my invention is not limited thereto. 
I claim: . 1. A tubular electric heating element, compris 

ing: a tubular sheath; a core of bonded com 
minuted refractory electrical-insulating material 
disposed within said sheath; a section of resistor 
extending longitudinally of said core at least par 
tially submerged in the material of said core; and 



4. 
unbonded comminuted refractory electrical-in 
sulating material disposed between said core and 
the inner surface of said sheath approximately 
throughout the circumferential extent of said re 
sistor section. 

2. The method of producing a tubular electric 
heating element, which comprises: disposing in 
a tubular metallic sheath a self-sustaining assen 
bly comprising resistor means having its high 
temperature portion extending longitudinally of 
said sheath and being supported by a unitary body 
of electrical-insulating refractory material coex 
tensive with the longitudinal extent of Said high 
temperature portion of said resistor means, said 
resistor means being positioned in said sheath by 
said body by engagement of circumferentially 
spaced peripheral portions of said body with the 
inside surface of said sheath; and filling with 
heat-conducting electrical-insulating refractory 
material at least the space within said sheath 
around said coextensive part cf said body. 

3. The method of producing a tubular electric 
heating element, which comprises: disposing in 
a tubular metallic sheath a self-sustaining as 
sembly comprising resistor means having its high 
temperature portion extending longitudinally of 
said sheath and being supported by a unitary 
body of electrical-insulating refractory material 
molded to and coextensive with the longitudinal 
extent of said high temperature portion of said 
resistor means, said resistor. means being posi 
tioned in said sheath by said body by engagement 
of circumferentially spaced peripheral portions of 
said body with the inside surface of said sheath; 
and filling with heat-conducting electrical-in 
sulating refractory material at least the Space 
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within said sheath around said coextensive part 
of said body. 

4. The method of producing a tubular electric 
heating element, which comprises: disposing in 
a tubular metallic sheath a self-sustaining assen 
bly comprising resistor means having its high 
temperature portion extending longitudinally of 
said sheath and being supported by a unitary 
body of electrical-insulating refractory material 
coextensive with the longitudinal extent of said 
high temperature portion of said resistor means, 
said resistor means being positioned in said 
sheath by said body by engagement of circum 
ferentially spaced peripheral portions of Said body 
with the inside surface of said sheath; filling with 
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spaced peripheral portions of said body with the 
inside surface of Said sheath; filling with heat 
conducting electrical-insulating refractory na 
terial at least the space within said sheath around 
said coextensive part of said body; and re-forming 
said sheath over at least a part of said longitul 
dinal extent of said resistor means by changing 
the cross-sectional shape of Said sheath by press 
ing said sheath inwardly locally at places cir 
cumferentially between said spaced peripheral 
portions. 

6. The method of producing a tubular elec 
tric heating element, which comprises: dispos 
ing in a tubular metallic sheath of substantially 
circular Cross-section a self-sustaining assembly 
comprising resistor means having its high ten 
perature portion extending longitudinally of said 
sheath and being Supported by a unitary body of 
electrical-insulating refractory material having a 
Cross-sectional outline in effect polygonal, said 
body being coextensive with the longitudinal ex 
tent of Said high temperature portion of said re 
sistor means, Said resistor means being positioned 
in said sheath by said body by engagement of 
circumferentially spaced apex portions of said 
body with the inside surface of said sheath; fill 
ing with heat-conducting electrical-insulating re 
fractory material at least the space within said 
sheath around said coextensive part of said body; 
and re-forming said sheath over at least a part 
of said longitudinal extent of said resistor means 
by changing the cross-sectional shape of said 
sheath by pressing said sheath inwardly locally 
at places circumferentially between said spaced 
apex portions. 

7. The method of producing a tubular elec 
tric heating element, which comprises: disposing 
in a tubular metallic sheath of substantially cir 
cular cross-section a self-sustaining assembly 
comprising resistor means having its high ten 
perature portion extending longitudinally of said 
sheath and being supported by a unitary body of 
electrical-insulating refractory material having a 
cross-sectional outline in effect polygonal, said 
body being coextensive with the longitudinal ex 
tent of Said high temperature portion of said re 
sistor means, said resistor means being positioned 
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heat-conducting electrical-insulating refractory 
material at least the space within said sheath 
around said coextensive part of said body; and 
re-forming said sheath over at least a part of 
said longitudinal extent of said resistor means 
by so changing the cross-sectional shape of said 
sheath that at said re-formed portion said heat 
conducting material is re-distributed to form a 
circumferentially substantially continuous coat 
ing about said assembly where said heat-conduct 
ing material was previously discontinuous circum 
ferentially by reason of said spaced peripheral 
portions. 

5. The method of producing a tubular electric 
heating element, which comprises: disposing in 
a tubular metallic sheath a self-sustaining assen 
bly comprising resistor means having its high 
temperature portion extending longitudinally of 
said sheath and being supported by a unitary 
body of electrical-insulating refractory material 
coextensive with the longitudinal extent of said 
high temperature portion of said resistor means, 

70 

said resistor means being positioned in said sheath 
by said body by engagement of circumferentially 75 

in said sheath by said body by engagement of cir 
cumferentially spaced apex portions of said body 
with the inside surface of said sheath; filling with heat-conducting electrical-insulating refractory 
material at least the space within said sheath 
around said coextensive part of said body; and re 
forming said sheath over at least a part of said 
longitudinal extent of said resistor means to re 
duce the inside cross-sectional area of said sheath 
by pressing said sheath inwardly locally at places 

. circumferentially between said spaced apex por 
tions so as to re-shape said sheath to a generally 
polygonal cross-sectional inside outline spaced 
from and substantially symmetrical with the gen 
erally polygonal cross-sectional outline defined by 
said body as reduced by said re-forming. 

8. The method of producing a tubular electric 
heating element, which comprises: disposing in 
a tubular metallic sheath a self-sustaining assemi 
bly comprising resistor means having terminal 
studs connected thereto, said resistor means hav ing its high temperature portion extending lon 
gitudinally of said sheath and being supported by . 
a unitary body of electrical-insulating refractory 
material coextensive with the longitudinal extent 
of said high temperature portion of said resistor 
means, said body also extending over and en 
bedding the connections between said resistor 
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means and said terminal studs, said assembly be 
ing positioned in said sheath by engagement of 
spaced peripheral portions of said body with the 
inside surface of said sheath; and filling with 
heat-conducting electrical-insulating refractory 
material at least the space within said sheath 
around said coextensive part of said body and 
said sheath. 

9. A tubular electric heating element, compris 
ing: a tubular sheath; a Core of bonded com 
minuted refractory electrical-insulating material 
disposed within said sheath; a section of resistor 
extending longitudinally of said core at least par 
tially submerged in the material of said core; and 
a layer of unbonded comminuted refractory elec 
trical-insulating material of substantially uniform 
thickness disposed between said core and the . 
inner surface of said sheath approximately 
throughout the circumferential extent of said re 
sistor section, 

10. A tubular electric heating element, com 
prising: a tubular sheath the inner surface of 
which is generally polygonal; a core of bonded 
comminuted refractory electrical-insulating ma 
terial disposed within said sheath; a section of re 
sistor extending longitudinally of said core at 
least partially submerged in the material of said 
core; and unbonded comminuted refractory elec 
trical-insulating material disposed between said 
core and the inner surface of said sheath approxi 
mately throughout the circumferential extent of 
said resistor section. 

11. A tubular electric heating element, compris 
ing: a tubular sheath the inner surface of which 
is generally polygonal; a correspondingly gener 
ally polygonal core of bonded comminuted re 
fractory electrical-insulating material disposed 
within said sheath; a section of resistor extend 
ing longitudinally of said core at least partially 
submerged in the material of said core; and a 
layer of unbonded comminuted refractory elec 
trical-insulating material of approximately und 
form thickness disposed between said core and 
tne inner surface of said sheath approximately 
throughout the circumferential extent of said re 
sistor section. 12. A tubular electric heating element, com 
prising: a tubular sheath; a core of bonded com 
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5 
minuted refractory electrical-insulating material 
disposed within said sheath; a section of resistor 
extending longitudinally of said core at least par 
tially submerged in the material of said core; and 
unbonded comminuted refractory electrical-in 
sulating material disposed between said core and 
the inner surface of said sheath approximately 
throughout the circumferential extent of said 
COe. 

13. A tubular electric heating element, com 
prising: a tubular sheath; a core of bonded com 
minuted refractory electrical-insulating material 
disposed within said sheath; a section of resistor 
extending longitudinally of said core at least par 
tially submerged in the material of said core; 
and a layer of unbonded comminuted refractory 
electrical-insulating material of approximately 
uniform thickness disposed between said core and 
the inner surface of said sheath approximately 
throughout the circumferential extent of said 
COre. 

14. A tubular electric heating element, con 
prising: a tubular sheath the inner surface of 
which is generally polygonal; a core of bonded 
comminuted refractory electrical-insulating ma 
terial disposed within said sheath; a section of re 
sistor extending longitudinally of said core at 
least partially submerged in the material of said 
core; and unbonded comminuted refractory elec 
trical-insulating material disposed between said 
core and the inner surface of said sheath ap 
proximately throughout the circumferential ex 
tent of said core. 

15. A tubular electric heating element, con 
prising: a tubular sheath the inner surface of 
which is generally polygonal; a correspondingly 
generally polygonal core of bonded comminuted . 
refractory electrical-insulating material disposed 
within said sheath; a section of resistor extend 
ing longitudinally of said core at least partially 
submerged in the material of said core; and a 
layer of unbonded comminuted refractory elec 
trical-insulating material of approximately uni 
form thickness disposed between said core and 
the inner surface of said sheath approximately 
throughout the circumferentil extent of said 
COre. 

EDWIN L, WIEGAND. 


