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My invention relates to electric heating units, 
more particularly to electric heating units of the 
“sheath wire' type, and has for its object the pro 
vision of an improved heater of this character. 
More specifically, my invention relates to elec 

tric heating units of the sheath wire type in which 
concentric coils of equal or unequal resistance en 
closed by the metallie outer sheath, are embedded 
in a powdered heat refractory insulating mate 
rial which is compacted to a hard dense maSS SO 
that it may readily conduct heat from the coils to 
the sheath. 

Heretofore in order to secure a high tempera 
ture output from a given length of heater, two 
single coil metallic sheath units were placed side 
by side within a third sheath of oval cross-sec 
tion and the resulting unit was subjected to a 
swaging process to compress the unit to a circular 
cross-section. The coils were then connected in 
series. In the swaging process, the two inner 
sheaths were distorted within the new configura 
tion, becoming two lobes filling the now circular 
outer sheath and in contact with each other along 
a diametric plane of the outer sheath. 

Using this method, even though the two inner 
units were packed and Swaged before being placed 
within the outer sheath, the Swaging of the outer 
sheath often resulted in decreased electrical 
clearances within the inner units, so that they 
would break down under high potential test. 
Such faulty units could not be repaired and their 
scrapping caused high manufacturing losses. 

9 Claims. (C. 201-67) 
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My invention is less costly since the two inner , 
sheaths used in the former method are elimi 
nated, Units constructed by the former method 
were less efficient in operation since after swaging 
the two inner sheaths did not completely fill the 
circular area within the outer sheath. Instead, 
it was found that definite voids or air spaces re 
sulted between adjacent inner surfaces. These 
voids caused a heat transfer loss from the single 
coil units to the sheath, increasing the coil tem perature required to produce a given temperature 
of Outer sheath. Also, my invention results in 
increased insulative clearance since for equal 
cross-section, the volume of the inner metallic 
sheaths of the former design has been replaced 
by insulation material. 

In my invention a plurality of coils are mounted 
concentric with an outer sheath and suspended 
between stepped concentric insulated terminals 
using ceramic spacers between two adjacent coils 
as well as between the outer coil and the sheath, 
By vibrating powdered insulation into the end 
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fill completely the voids in and between the coils 
and between the coils and the sheath. The ends 
of the sheath are capped with the terminal mem 
bers fastened securely to the caps and the whole 
unit is subjected to a diameter reducing process 
Such as Swaging. This reducing process serves to 
compact the insulation about the coils even more 
densely to effect, a maximum heat transfer 
ability as well as maximum electrical insulation. 
During the reduction process, the whole unit be 
comes elongated as well as reduced in outside di 
aneter, and the encompassed coils are length 
ened proportionately without changing the rela 
tive position of the coils and the sheath. Since 
the reduction process in my invention is a uni 
formly undistorted reduction in diameter, the 
possibility in the former method of diminution 
of insulative or electrical clearance within the 
inner sheaths due to distortion during the diam 
eter reduction process, does not exit. The heat 
loSS in the former method caused by voids within 
the outer sheath due to the use of inner sheaths 
is eliminated since in my invention, there are no 
inner sheaths. The same or greater value of elec 
trica resistance, therefore, may be included in a 
unit of equal length and diameter without these 
limitations and disadvantages of the former 
method. 
My invention is adapted for use as a cpmpact 

unit for the general purposes of sheath type heat 
ers, or as an immersion or insertion type heater. 
In the general purpose heater, by using different 
resistances and providing a means for externally 
changing the connection between the coils, a se 
lective heat feature is included in my invention 
allowing a choice of several overall heating values 
in one unit. Either immersion type or insert type. 
heaters are obtained by eliminating the connec 
tion at one end of the unit and, internally con 
necting the coils in series. 
My invention will best be understood by refer 

ence to the accompanying drawing, in which Fig. 
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2 is a Sectional view of a terminal filled with in 
Sulation and ready to be swaged. Fig. 1 is a sec 
tional view of the complete heating. unit; Fig. 3 
is a view of a terminal for a heater in which two 
coils are series connected; Fig. 4 is an alternate 
construction of an immersion or insert type 
heater. 

Referring to Fig. 2, one embodiment of my in 
vention in which a sub-assembly of a terminal 
member comprising two concentric terminals or 
conductors is shown, a metallic terminal rod f is 
inserted within a metallic tubular terminal 2 po 

capped outer sheath, the insulation is caused to 66 sitioned vertically with the inner terminal pro 
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jecting at one end. The cup washers 3 and po 
sition the two terminals concentrically. The 
voids are filled with powdered insulation material 
5 through apertures provided in the upper Cup 
washer 3 for this purpose. During the filling 
process the sub-assembly is continually vibrated 
to insure compact filling of the voids between the 
terminals. The terminal members are cut back 
at both ends in stepped relation to provide con 
nection surfaces. A second sub-assembly is 
formed by securing the coils 7 and 8 respectively 
between equal diameter surfaces of the two ter 
minal members S. 
welding is preferred to crimping to avoid danger 
of distortion of tubular terminals. Ceramic 
spacers (not shown) are mounted at intervals be 
tween the two coils to insure maintenance of their 
substantially concentric relative position during 
the subsequent insulation filing operation. The 
second sub-assembly of terminals and coils is 
mounted within the vertically disposed Outer 
sheath 9 of the unit and held concentric with the 
sheath by means of end Washers and cross pins 
(not shown), and ceramic spacers (not shown) 
suitably disposed between the outer coil and the 
sheath. Both sets of ceramic Spacers are used to 
hold coils and sheath concentric while assem 
bling in the outer sheath and during the follow 
ing insulation filling operation. The spacers may 
break up and mingle with the insulation material 
during the subsequent diameter reduction proc 
ess. The unit is then vibratingly filled with pow 
dered insulation through apertures provided in 
the upper washer provided for the purpose and 
the whole unit is reduced in diameter to compact 
the insulation to a hard dense mass So the in 
sulation will conduct heat readily from the re 
sistance elements to the outer sheath. The outer 
sheath is cut away at each end to the desired 
length. The end washers used in the filling and 
reduction operation, are replaced by insulating 
washers and terminal wires f f are clamped 
tightly to the contact surfaces of the terminals 
by means of collars f2 with set screws f3 to 
tighten against the terminal sheath. Insulating 
washers 4 are slid over the ends of the terminal 
rods and suitable terminals 5 are attached to the 
rods. 
When more than two concentric coils are de 

sired, the voids of the concentric terminals are 
vibrationally filled simultaneously in a similar 
Inanner to that described above. The terminals 
are cut back at each end in stepped relation and 
the surfaces of corresponding diameter are con 
nected respectively by the concentric resistance 
coils. 
My invention allows several values of resistance 

to be obtained from the two coil units merely by 
changing the external connections. Either coil 
may be used individually or the unit may be used 
with the coils in series connection or in parallel 
Connection. If two different values of coil re 
sistance are used, the number of combinations is 
increased. In a three or more concentric coil 
unit, many values of unit resistance are available 
by the use of unequal individual coil resistances 
and shunt and series interconnections. 

Fig. 3 is a view of a one piece terminal for use 
where two coils are to be connected in series only. 

Fig. 4 is a view of a two-coil immersion or in 
sertion type heater with one piece terminal 6 for 
series connection between coils. Cap IT com 
pletely covers the immersion end of the unit and 

For Securing Such members, 
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4 
a recessed portion of the outer surface of the 
sheath to waterproof the unit. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. An electric heating unit comprising a metal 

lic sheath, a plurality of helical resistance ele 
ments of different diameters in said sheath ex 
tending lengthwise thereof in substantially con 
centric relation with each other, a compact maSS 
of powdered heat conductive electrical insulation 
material in said sheath embedding said resistance 
elements, a terminal member assembly extending 
into at least one end of said sheath and having 
its inner end embedded in said insulation mate 
rial, said terminal member assembly comprising 
an outer tubular terminal and an inner terminal 
rod, electrical insulating material in said tubular 
terminal Securing said terminal rod in Substan 
tially concentric relation therewith, and elec 
trical connections respectively between the inner 
ends of said terminals and said resistance ele 
ments. 

2. An electric heating unit comprising a metal 
lic sheath, a plurality of substantially concentric 
helical resistance elements, a powdered heat con 
ductive electrical insulation material, said re 
Sistance elements being embedded in the said in 
Sulation material within the sheath, said insula 
tion material being compacted to a hard dense 
mass to insure that said mass conducts heat read 
ily from the Said resistance elements to the said 
sheath, and a terminal member in each end of the 
Said sheath, each of said terminal members com 
prising electrically insulated substantially con 
centric terminals in each end of said sheath con 
nected respectively to said concentric resistance 
elements, said terminal members protruding from 
each end of Said sheath, and said terminals being 
cut back from their ends in stepped relation to 
form terminal surfaces for the connection of the 
Said unit in an electric circuit. 

3. An electric heating unit comprising a metal 
lic outer sheath, a plurality of substantially con 
centric helical resistance elements and powdered 
heat conductive electrical insulation material, 
said resistance elements being embedded in said. 
insulation material, said insulation material be 
ing compacted to a hard dense mass to insure 
that said mass conducts heat readily from the 
Said resistance elements to the sheath, and ter 
minal members each comprising electrically in 
Sulated Substantially concentric terminals se 
cured respectively to the ends of said resistance 
elements, said terminal members projecting be 
yond Said outer sheath to form terminals for the 
connection of the said unit in an electric circuit. 

4. An electric heating unit comprising a metal 
lic outer sheath, a plurality of substantially con 
centric helical resistance elements and powdered 
heat refractory insulation material, said resist 
ance elements being embedded in the said insu 
lation material, said insulation material being 
compacted to a hard dense mass within said 
Sheath to insure that said mass conducts heat 
readily from the said resistance elements to the 
Said sheath, and terminal members each com 
prising electrically insulated substantially con 
centric terminals, said terminals being cut back 
from each end in stepped relation to form con 
nection contact surfaces, said terminals at their 
inner ends being secured respectively to ends of 
the said concentric resistance elements, said ter 
minal members projecting beyond said outer 
"sheath to form terminals for the connection of is tightly attached to the outer sheath around 75 the said unit in an electric circuit. 



2,494,888 
5 

5. An electric heating unit comprising a metal 
lic outer sheath, two concentric helical resistance 
elements, powdered heat refractory electrical 
insulation material, said resistance elements 
being embedded in the said insulation material 
within the said sheath and said insulation ma 
terial being compacted to a hard dense mass to 
insure that said mass conducts heat readily from 
the said resistance elements to the sheath, said 
unit having terminal members projecting beyond 
either end of the said outer sheath, one of said 
terminal members comprising a sub-assembly of 
electrically insulated concentric terminals, said 
concentric terminals being cut back in stepped 
relation at their inner ends and respectively se 
cured to the ends of the said concentric resistance 
elements, the outer ends of the said terminals 
being cut back in stepped relation to form ter 
minal contact surfaces for the attachment of 
lead wires, the other of said terminal members 
being cylindrical and having its inner end Secured 
to the one of said resistance elements of larger 
diameter, said other terminal, having a cylin 
drical projection of smaller diameter to which 
is secured the other of said resistance elements, 
said other terminal member providing at its 
outer end a single terminal for the attachment 
of the unit in an electric circuit. 

6. An electric immersion heating unit con 
prising a metallic sheath, a plurality of concen 
tric helical resistance elements, powdered heat 
refractory insulation material, said resistance 
elements being embedded in said insulation ma 
terial within the said sheath, Said resistance 
material being compacted to a hard dense mass 
to insure that said mass readily conducts heat 
from the said resistance elements to the sheath, 
a terminal member in one end of said sheath 
comprising a sub-assembly of electrically insu 
lated concentric terminals, said terminals being 
cut back from each end in stepped relation to 
form connection contact surfaces, and the said 
connection surfaces at the outer end of the said 
terminal member forming terminals for the Con 
nection of the unit in an electric circuit, the said 
contact surfaces at the inner end of the said 
terminal member being respectively secured to 
the ends of the said concentric resistance ele 
ments the opposite end of the said resistance 
element of larger diameter being secured to a 
cylindrical terminal, said cylindrical terminal 
having a concentric cylindrical projection of 
smaller diameter to which is secured the inner 
of the said concentric resistance elements, Said 
unit being provided with a cap completely en 
closing the end of the unit and secured tightly 
to a recessed end portion of the outside Surface 
of the said sheath to waterproof the unit. 

7. A method of forming a concentric coil elec 
tric heating unit comprising a metallic outer 
sheath, a sub-assembly of concentric helical re 
sistance elements and terminal members and 
compacted powdered heat refractory insulation, 
said resistance elements being embedded in the 
said powdered insulation material within the said 
sheath, said terminal members protruding from 
each end of the said sheath to provide terminals 
for connection of the said heating unit in an 
electric circuit, said method comprising forming 
a second sub-assembly of each of said terminal 
members by vibratingly filling the voids between 
concentric terminals with the said powdered re 
fractory insulation material to insure that the 
relative positions of the said terminals be main 
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the said terminals at both ends in stepped rela 
tion to provide connection contact surfaces form 
ing the said sub-assembly by suspending the said 
concentric coils between the said terminal mem 
bers and securing the ends of the coils respec 
tively to the said concentric connection surfaces . 
at the inner ends of the said terminal members, 
mounting the said sub-assembly concentrically 
within a metallic outer sheath with the terminal 
members projecting substantially equally at both 
ends of the said outer sheath, vibratingly filling 
the voids within the said outer sheath with said 
powdered refractory insulation material and, by 
means of a diameter reducing process applied to 
the said outer sheath, compressing the insulation 
to a hard compact mass so that the said mass 
may readily conduct heat from the said resistance 
elements to the said sheath. 

8. A method of forming a concentric coil elec 
tric heating unit comprising a sub-assembly of 
two concentric helical resistance elements at 
tached to terminal members, compacted powdered 
heat refractory insulation, and a metallic outer 
sheath, said resistance elements being embedded 
in said compacted powdered insulation within 
the said outer sheath, said terminal members 
protruding from each end of the said sheath to 
provide terminals for connection of the said heat 
ing unit in an electric circuit, said method com 
prising forming a Second Sub-assembly of one of 
the said terminal members by vibratingly filling 
the voids in and between concentric terminals 
With a powdered refractory insulation material to 
insure that the relative positions of said terminals 
be maintained during Subsequent operations, cut 
ting back both ends of the said terminals in 
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stepped relation to form connection contact sur 
faces at One end for connection of the said unit 
in an electric circuit and at the other end for at 
tachment to the concentric helical resistance ele 
ments, the other of said terminal members com 
prising a cylindrical bar with a concentric cylin 
drical projection, the diameters of said bar and 
said projection being equal to the diameters of the 
terminals of the said second sub-assembly, form 
ing the said Sub-assembly by suspending the said 
helical concentric resistance elements respective 
ly between the said equal diameter surfaces of the 
two said terminal members and securing the ends 
of the Said helical elements to the said surfaces, 
mounting the whole concentrically within a me 
tallic outer sheath with the terminal members 
projecting substantially equally at both ends of 
the said outer sheath, vibratingly filling the voids 
within the said outer sheath with the said pow 
dered refractory insulation material and by means 
of a diameter reducing process applied to the 
Said outer sheath, compressing the insulation to 
a hard compact mass so that the said mass may 
readily conduct heat from the resistance elements 
to the sheath. 

9. A method of forming a concentric coil im 
mersion or insert type electric heating unit com 
prising a sub-assembly of concentric helical re 
sistance elements and terminal members, pow 
dered insulation material, an outer metallic 
sheath, and a waterproof end cap, said resistance 
elements being embedded in the said insulation 
material within the said sheath, said material 
being compacted to a hard dense mass so that 
Said maSS may readily conduct heat from the said 
elements to the said sheath, one of the said ter 
minal members protruding from the said outer 
sheath to provide terminals for connection of the 

tained during subsequent operations, cutting back 75 said heating unit in an electric circuit, said meth 
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od comprising forming the said sub-assembly by 
vibratingly filling the voids of the said one ter 
minal member with the said powdered refractory 
insulation material to insure that the relative 
positions of the said terminals be maintained 
during subsequent operations, cutting back the 
said terminals from each end in stepped relation 
to form concentric contact Surfaces, the other of 
the said terminals comprises a cylindrical rod 
with a concentric cylindrical projection at one 
end the diameters of the surfaces of Said rod and 
said projection being substantially equal to the 
diameters of the terminals of the Said one ter 
minal member, suspending the said helical ele 
ments respectively between the said equal sur 
faces and Securing the ends of the said helical 
elements to the said surfaces, mounting the whole 
concentrically with the said outer sheath with 
the terminal members projecting at both ends of 
the said outer sheath, vibratingly filling the voids 
within the said outer sheath with Said powdered 
refractory insulation material and by means of 
a diameter reducing process applied to the said 
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heating unit, compressing the insulation to a hard 
dense mass so that the said mass may readily con 
duct heat from the said resistance elements to 
the said sheath, fitting the said end cap over a 
recessed portion of the said outer sheath and Se 
curing the said cap to the said recessed portion 
to make the unit waterproof. 

LORETTA. M. DALY. 
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