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This invention relates to a method of making heating 
elements wherein the heating element consists of a 
metallic tube with a coiled resistance element centered 
therein and surrounded with insulating material which 
is initially in plastic form and extruded with the resistance 
element to ?ll it and enclose it. 
One object of the invention is to provide a method 

of expanding the plastic material so that it ?ts the interior 
of the tube comprising the steps of plugging the ends of 
the tube and pushing the plugs inwardly to contract the 
length of the body of insulating material and thereby 
expand its diameter to ?t the interior of the tube. 
Another object is to provide a method which uses in 

sulating plugs for the ends of the tube through which 
the lead wires to the resistance element extend as the 
means for accomplishing the expanding action on the 
body of insulating material, the plugs being thereafter 
left in position to serve their purpose as insulators for 
the lead wires. 

Still another object is to provide a method of expanding 
the plastic insulating material into surface irregularities 
on the interior of the tube, thereby preventing subsequent 
axial movement of the insulating body relative to the 
tube. 
A further object is to reduce the insulating material 

to a ceramic by ?ring the same after it has been expanded 
as above referred to. 

With these and other objects in view, my invention 
consists in the disclosed steps of my method of making 
heating elements, whereby the objects contemplated are 
attained as hereinafter more fully set forth, pointed out 
in my claims and illustrated in the accompanying draw 
ings, wherein: 

Figure l is a sectional view through a hopper of plastic 
insulating material showing it being extruded along with 
the coiled resistance wire to form an extruded heating 
unit of the type shown in Figure 2, Figure 2 being a side 
elevation of the heating unit. 

Figure 3 is an enlarged sectional view through a ?nned 
metallic tube with the heating unit located therein and 
insulating plugs in the ends of the tube to show one step 
in the method. 

Figure 4 is a similar sectional view showing another 
step wherein the plugs are pressed inwardly to a ?nal 
position. 

Figure 5 is a plan view of Figure 4 on the section 
line 5-5 thereof; and 

Figure 6 is a sectional view on the line 6-6 of Figure 3. 
On the accompanying drawing, I have used the refer 

ence numeral 10 to indicate a hopper for plastic electrical 
insulating heat conducting material in plastic form to 
be discharged by pressure therefrom through a nozzle 12. 
A guide tube 15 is located within the hopper 10 and is 
provided for a coiled resistance element 16 having a 
lead wire 18 on each of its ends. 
As pressure is exerted on the insulating material 14, 

by suitable means (not shown herein but disclosed in 
Smith Patents 1,951,176 of March 13, 1934, and 1,987,915 
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of January 15, 1935) the material 14 is extruded as at 
20 to form a body of insulating material and it carries 
with it the coil 16 so that the coil is imbedded in the 
body as shown in Figure 2, the body being of suitable 
length for the intended subsequent use of the heating 
unit consisting of the resistance element and the body 20. 
The heating unit 16-20 is slid endwise into a tube 

22 shown in Figure 3, which tube is preferably of metal 
and may be of extruded formation preferably provided 
with a helical ?n 24 therearound for greater efficiency 
in the use of the completed heating element as a heater 
for air circulated past the fins and the tube. The outer 
diameter of the. body 20 is such in relation to the inner 
diameter of the tube 22 that the body may be slid readily 
into the tube after about 5 or 10 minutes of drying so 
that the body can be handled without fracture. 

Plugs 26 of insulating material such as porcelain or 
the like are provided having ?anges 23 and bores 30, 
the bores being provided to receive the leads 18 of the 
resistance element 16. The insulating body 20 is slightly 
shorter than the length of the tube 22 as shown so that 
the plugs 26 can be entered a short distance into the 
ends of the tube and contact with the ends of the body 20. 
The next step in the method is to apply pressure against 

the plugs 26 in the direction of the arrows A and B in 
Figure 3 to drive the plugs to the ?nal position shown 
in Figure 4 with the ?anges 28 contacting the ends of 
the tube 22, which results in contracting the length and 
expanding the diameter of the insulating body 20 so that 
it will ?t the inner surface of the tube 22 and any irregu 
larities thereof. Preferably irregularities in the form of 
a helical groove 25 is provided in the tube resulting from 
the extrusion process for forming the tube with the 
helical ?n 24 thereon as shown in the central portion 
of Figure 3. Comparing Figure 4 with Figure 3, it will 
be noted that the space left around the outside of the 
body 20 in Figure 3 has been ?lled up in Figure 4 and 
the body 20 has been expanded into the spiral groove 25. 
The plugs 26 may now be retained in position by means 

of metallic washers 32 placed against their ends and 
retained in position by the end ?ns 24a bent over the 
edges of the washer 32 as shown in Figures 4 and 5. 
My method as disclosed for making a heating element 

is suitable for plastic insulating material such as clay, 
zircon and water in proper proportions to provide an 
extrudable plastic material to imbed the resistance ele 
ment 16 and substantially ?ll the coil as Well as the space 
between the exterior of the coil and the interior of the 
tube 22. After the parts are assembled to the position 
of Figure 4, the entire heating element may be cured, 
?rst by a drying operation at about 200° or 300° F. to 
drive out the water slowly and second by a ?ring opera 
tion at high temperatures from about 900° to 1400° F., 
this latter operation causing the insulating material to 
become ceramic or vitreous-like in nature for good heat 
transfer and low moisture absorption under conditions 
of subsequent use. 
The plastic insulating body 20, if left in the condition 

shown in Figure 3 before curing would be quite loose 
in the tube 22 because of shrinkage; whereas by propor 
tioning the parts as shown in Figure 3 and then pressing 
the plugs 26 inwardly as in Figure 4, the insulating body 
is expanded to ?t the interior of the tube. This eliminates 
the air gap between the insulating body and the tube 
shown in Figure 3 which makes a heating element con 
struction which is comparatively inefficient, the extent of 
ine?iciency depending directly on the amount of the gap 
since air does not transmit heat as well as would result 
when the insulating body is in direct contact with the 
tube. 
The 5 or 10 minutes drying time mentioned above 

loses some of the moisture and most of the shrinkage 
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has taken place during this period. The plugs .26 are 
loose enough to permit ‘air displaced by the body 20 
to be expelled ‘from the tube as the plugs are moved 
from the position of Figure 3 to the position of Figure 4, 
the plugs serving as pistons to compress the insulating 
body from each end while it is still slightly plastic, thus 
causing the diameter of ‘the extrusion to increase inside 
the tubing and make ‘good contact with the inner surface 
thereof and to ?ll any irregularities such as indicated 
at 25. I have thus provided a method of ‘swelling the 
semi-dried insulating body 26 ‘to provide good thermal 
contact between it and the interior of the tube 22. 

The plugs 26 are of insulating material so ‘as to serve 
‘as electric insulators for the leads 18 at the ends of the 
resistance element. They also serve as retainers when 
the washers 32 are placed against them and the end ?ns 
24a are bent over as described. 
,A further advantage of compressing the insulating 

body 20 lengthwise so as to expand its diameter is to 
prevent its longitudinal sliding in the tube 22 during 
shipment and use, which can result it the body is not 
so expanded. This expansion forces the material of the 
insulating body into the irregularity 25 of the inner sur 
face of the tube so that a very e?ective mechanical lock 
against internal movement of the insulating body is 
e?i'ected in relation to the ?nned tubing. 
Some changes may be made in the construction and 

arrangement of the parts of my method of making heat 
ing elements without departing from the real spirit and 
‘purpose of my invention, and it is my intention to cover 
by my claims any modi?ed forms of structure or use of 
mechanical equivalents which may be reasonably in 
cluded within their scope. 

I claim as my invention: 
-1. A method of making electric heating elements of 

the kind speci?ed comprising the steps of ?rst providing 
a metallic tube positively formed with a predetermined 
axially-irregular inner surface, said tube containing an 
axially-disposed coiled resistance element and being ?lled, 
with an elongated body of electrical-insulating, heat 
conducting, ceramic-forming material in plastic form, 
plugging each end of the tube with an electrical-insulating 
plug which in an outer position prevents endwise move 
ment of the body of plastic insulating material and 
through which the terminal ends of the resistance ele 
ment extend, subjecting the plugs to pressure for moving 
them axially of the tube to inward positions therein, the 
‘body of plastic insulating material being thereby expanded 
in diameter by the plugs so as to substantially ?ll the 
tube between them and tightly ‘?t the axially-irregular 
inner surface of the tube, ?xing the plugs in their inward 
positions in the ends of ‘the tube element, and heating 
the heating element to reduce said body of plastic ma 
terial to a ceramic. 

2. A method of making electric heating elements 
of the kind speci?ed comprising the steps of ?rst pro 
viding a metallic tube positively formed with a predeter 
mined axially-irregular inner surface, said tube contain 
ing an axially-disposed coiled resistance element and being 
?lled with an elongated body of electrical-insulating, heat 
conducting, ceramic-forming material in plastic form, 
plugging each end of the tube with a ?anged electrical 
insulating plug which in an outer position prevents end 
wise movement of the body of plastic insulating material 
and through which the terminal ends of the resistance 
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element extend, subjecting the plugs .to pressure for mov 
ing them axially of the tube to inward positions therein 
with the ?anges ‘of said electrical-insulating plugs dis 
posed against the ends of the tube, the body of plastic 
insulating material being thereby expanded in diameter 
by the plugs so as to substantially ?ll the tube between 
them and tightly ?t the axially-irregular inner surface 
of the tube, ?xing the plugs in their inward positions in 
the ends of the tube element, and heating the heating 
element to reduce said body of plastic material to a 
ceramic. 

3. A method of making electric heating elements of 
the kind speci?ed comprising the steps of ?rst providing 
a ?nned metallic tube positively formed with a predeter 
mined axially-irregular inner surface, said tube contain 
ing an axially-disposed coiled resistance element and 
being ?lled with an elongated body of electrical-insulating, 
heat-conducting, ceramic-forming material in plastic 
form, plugging each end of the tube with an electrical 
insulating plug which in an outer position prevents ‘end 
wise movement “of the body of plastic insulating ma 
terial and through which the terminal ends of the re 
sistance element extend, subjecting the plugs to pressure 
for moving them axially of the tube to inward positions 
therein, the body of plastic insulating material being 
thereby expanded in diameter by the plugs so as to sub 
stantially ?ll ‘the tube between them and tightly ?t the 
axially-‘irregular inner surface of the tube, ?xing the plugs 
in their inward positions in the ends of the tube element, 
and heating the heating element to reduce said body of 
plastic material to a ceramic. 

4. A method ‘of making electric heating elements of 
the kind speci?ed comprising the steps of ?rst providing 
a metallic tube ‘positively formed with a helical groove 
along ‘its inner surface, said tube containing an axially 
disposed coiled resistance element and being filled with 
an elongated body of electrical-insulating, heat-conduct 
ing, ceramic-forming material in plastic form, plugging 
each end of the tube with an electrical-insulating plug 
which in an outer position prevents endwise movement 
of the body of plastic ‘insulating material, but which 
allows the escape of ‘air from the tube, and through 
which the terminal ends of the resistance element extend, 
subjecting the plugs to ‘pressure for moving them axially 
of the tube to inward positions therein, the body of plastic 
insulating material being thereby expanded in diameter 
by the plugs so as to substantially till the tube between 
them and tightly ?t the ‘helical groove of the tube, ?xing 
the plugs in their inward positions in the ends of the 
tube element, and heating the heating element to reduce 
said body of plastic material to a ceramic. , 
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