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1. 

ihe present invention relates to methods of 
making sheathed electric heating units and more 
particularly to improved cold rolling steps that 
are empioyed in Such methods. This application 
comprises a continuation in part of the copend 
ing application of Sterling A. Oakley, Serial No. 
483,699, filed April 19, 1943, now abandoned. 
An electric heating unit of the sheathed type 

usually comprises an electric resistance con 
ductor or element having a helical form, an 
enclosing tubular metal sheath, and a body of 
compressible heat-conducting and electrical 
insulating material embedding the resistance con 
ductor and holding it in a Substantially central 
location within the sheath. Ordinarily, the op 
posite ends of the resistance conductor are welded 
or otherwise Secured to electrical terminals that 
are also embedded in the insulating material and 
respectively project from the opposite ends of 
the sheath. Finally, the opposite ends of the 
sheath may be sealed by glass or other suitable 
plugs respectively surrounding the projecting 
terminals. One electric heating unit of this type 
is disclosed in U. S. Patent No. 1,367,341, granted 
On February 1, 1921 to C. C. Abbott. Ordinarily, 
the resistance conductor is formed of a suitable 
nickel-chroniuin alloy, the sheath is formed of a 
Suitable nickei-chromium-iron alloy that is sufi 
ciently plastic to permit cold working thereof, 
and the resistance material essentially comprises 
finely divided or granulated magnesia. 

in methods heretofore employed in making an 
electific heating unit of the type noted the parts 
inentioined have been assembled and then the 
Sheath has been Worked So as to reduce the cross 
Sectional area, thereof in order firmly to compact 
the insulating material in the resulting space 
between the resistance conductor and the wall of 
the sheath. This working of the sheath has been 
performed by Swaging or hammering and has 
always been performed while the assembly occu 
pied a horizontal position, since commercially 
available SWaging machinery is designed to oper 
ate in this manner. 

Applicant in his endeavor to improve the per 
formance and to extend the useful life of heating 
units of this type observed that one of the prin 
cipal factors causing ultimate failure of these 
units was lack of Symmetry of the resistance con 
ductors with respect to the sheaths and concluded 
that this defect was resulting from sagging of 
the resistance conductors from their assembled 
Substantially central positions during the work 
ing of the sheaths in accordance with the prior 

(C. 

O 

15 

20 

25 

30 

35 

40 

55 

29-155.5) 
2 

methods that were employed in the manufacture 
of the heating units. 

Accordingly, it is a general object of the present 
invention to provide an improved method of 
making an electric heating unit of the type noted 
that insures that in the finished heating unit the 
resistance conductor occupies a substantially 
Central location. Within the Sheath. 
Another object of the invention is to provide 

an improved method of making an electric 
heating unit of the type noted, wherein the 
elements of the heating unit are assembled in 
a substantially upright position and then the 
sheath is cold worked in a substantially up 
right position, without permitting the sheath 
to a SSuine an appreciable horizontal position 
following a SSembly of the elements thereinto 
and until after working thereof, So as to prevent 
any Substantial Sagging of the resistance con 
ductor from its substantially central location 
within the sheath. 
A further object of the invention is to provide 

an improved method of rolling an electric heat 
ing unit assembly of the type noted, wherein the 
aSSembly is Subjected to successive gradual cold 
rolling passes while it occupies a substantially 
upright position and wherein the rolling passes 
are Sufficiently gradual to prevent any substantial 
lateral displacement of the resistance conductor 
from its Substantially central location within the 
sheath as the sheath is elongated and as the insu 
lating material therein is compacted. 

Further features of the invention pertain to 
the particular arrangement of the steps of the 
method, whereby the above-outlined and addi 
tional Operating features thereof are attained. 
The invention, both as to its organization and 

innethod of operation, together with further op 
jectS and advantages thereof, will best be under 
stood by reference to the following specification 
taken in connection with the accompanying 
drawings, in which Figure 1 is a side elevational 
View, partly broken away, of a loaded sheathed 
heating unit assembly that is prepared for roll 
ing in accordance With the method of the present 
invention: Fig. 2 is a reduced fragmentary per 
Spective view of the heating unit assembly under 
going cold rolling in accordance with the present 
method, and illustrating schematically the first 
three rolling stages of a cold rolling machine that 
may be employed in carrying out the present 
method; Fig. 3 is an enlarged transverse sec 
tional view, taken along the line 3-3 in Fig. 2, 
of the heating unit assembly preceding the first 
rolling stage of the rolling machine; Fig. 4 is an 
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enlarged transverse sectional view, taken along 
the line 4-4 in Fig. 2, of the heating unit, a SSein 
bly following the first rolling stage of the rolling 
machine, as well as a fragmentary plan view of 
the rolls incorporated in the first rolling stage; 
Fig. 5 is an enlarged transverse sectional view, 
taken along the line 5-5 in Fig. 2, of the heating 
unit assembly following the Second rolling Stage 
of the rolling machine, as well as a fragmentary 
plan view of the rolls incorporated in the Second 
rolling stage; and Fig. 6 is an enlarged transverse 
Sectional view, taken along the line S-S in Fig. 
2, of the heating unit assembly following the 
third rolling stage of the rolling machine, as well 
as a fragmentary plan view of the rols incor 
porated in the third rolling stage. 

Referring now to the drawing, in Fig. 1 thei'e 
is illustrated a sheathed electric heating unit, 
assembly that has been prepared for the roll 
ing operations. This assembly comprises an 
Outei metallic tubular sheati. that, in 2y be 
formed of a, Suitable nickel-chronium-iron ailey 
and having a SLS&artially circular gross-section, 
and an electrical registance conditigtor or element, 
2 that. Inay be follied of a suitabie nickel 
chronium alloy and located substantially ce: 
trally Within the sheath and enbeggest in a 
body of heat-conducting and electrical-insulating 
material 3. The insulating material 3 is in 
finely divided or granulated fornia and holds tha 
resistance conductor 2 in its substantially can. 
tral location. Preferably the insulating material 
3 eSSentially comprisas' magnesia, and has bee 

charged into the sheath. and anped in place. 
Freferably the opposite, ends of the resista: 
conductor 2 aire welded or otherwise suitabiy 
S%2Ured to WO electrical terminalis is and ; ; that, 
respectively project from the opposite ends of the 
Sheath , the inner ends of the terrainals 3 anti 
is being also embedded in ting insulating rate. 
rial S. Finally, the opposite ends of the sheath 
i are closed by Suitable washers. 6 and a respec 
tively Surrounding the terminals A and 5 and 
retaining the insulating Ghaterial 3 in place. 

In producing the assembly if the loading. In 8. 
chine disclosed in U. S. Patent, No. 2,316,659. 
granted on April 13, 943 to John L. Andrews, may 
be enployed. More particularly, after the inraer 
ends of the tel'ninals á and ; are segliad to 
the opposite ends of the resistance conductor 2, 
the lowe Washer - is secured to the terminal E: 
and these elements are threaded through the 
lower end of the sheath if, the Washer engag 
ing 2, locating bead 3 formed adjacent to the 
lower end of the sheath . At this time the 
terminal 4 is held in a substantially central loca. 
tion in the upper end of the sheath , and the 
body of insulating imaterial 3 is charged into 
the sheath while the sheath and the cle. 
ments mentioned occupy a substantially upright, 
Or Vertical position. As the finely divided insul 
lating material 3 is charged into the sheath ; 
it enieds first the terminal 55, then the resist. 
ance conductor 3, and ultimately the terminal 
4 restraining or holding these eleinents in their 

Substantially central location within the siheath 
. During charging of the insulating material 
3 into the sheath. A , the sheath Ei may he 

Vibrated or jarred slightly in order to insure 
tamping or packing of the insulating material in 
the Space between the terminals A and 5 and 
the resistance conductor 2 and the wall of the 

is 

sheath it and between the convolutions of the 
resistance conductor 2 and into the core of the 
resistance conductor 2 defined by the convolu 
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4. 
tions thereof. After the insulating material 3 
has been charged into the sheath and tamped 
in place filling the Spaces mentioned, the upper 
Washe is is secured in place within the uppet.' 
end of the sheath in order to prevent any pos 
sible escape of the insulating material 3 from 
the sheath if. At this time the assembly i3 is 
I'elia Cved from the loading machine to be Sub 
sequently finished in a cold rolling machine as 
described below. In removing the assembly 
for the loading machine and in Storing the 
assernibly prior to inserting it in the rolling 
Yachine as described below, the assenbly is 
retained in its Substantially upright position in 
order positively to prevent sagging of the resist 
ance conductor 2 prior to inserting the aSSemi 
bly into the rolling machine. 
At this time the assembly 8 is subjected to a 

plurality of successive gradual cold rolling passes, 
and in carrying out this operation the cold rolling 
Gaachine disclosed in the previously ninentioned 
Oakley application may be eraployed. As Sche 
rinatically illusirated in Fig. 2, this coid rolling 
In a Chine complises a plurality of Successive grad 
ual Osial rolling stages arranged in Substantially 
vertical alignment, and alternately angularly dis 
gosed approximately ninety degrees, Specifically, 
this machine comprises: a first folling stage in 
gilding the pair of individual forming rolls 2, 
a, Seconsoling Stage including the pair of indi 
vidual forning lolls 22, a third rolling stage in. 
cliding the pair of individual forming rollis 23, 
and Cher successive and Similar rolling stages, 
ro, shown. the first, Second, third, etc., rolling 
stages are arranged in Substantially vertical 
ign rent, as pieviously noted, the first rolling. 
age keeing lowe:nost in the rolling machine and 

associated with glide Structure, Got ShoWin, for 
the purpose of int!oducing the upper end of th2 
assenbly between the rolls 2 thereof. The 
rolls 2 of the first rolling stage, the 'ols 23 Cf 
the tiaird rolling stage and the Other irolls of the 
oti 23 ods rolling. Stages are arranged in a first, 
Substantially vetrically disposed plane; while the 

22 of the Second rolling stage, and the other 
roils of the other even rolling stages are arranged 
in 3, Second Suhstantially vertially disposed 
plane; wherein the first and Second planes (Yen 
tioned are angularly displaced api'Cxiliai,8:y 
ninety degrees with respect to each other. Th. 
rolls 2 in the first rolling stage have comple 
mentary substantially Serai-elliptical forming 
grooves 23, arranged theirein and Coaperating to 
define a first pass having a generally elliptical 
cross-sectic); the rolls 2 in the Second rolling 
stage have complementary substantially semi 
elliptical forning grooves 22d airl'arged she'eii. 
and cooperating to define a second pass having 3, 
generally elliptical cross-section; the rolls 23 in 
the third rolling Stage have cor:3perinentary Sub 
stantially semi-elliptical forming grooves 22a ar 
ranged therein and cooperating to define a third 
pass having a generally elliptical cross-section. 
Thus the first, Second, third, etc., passes are 
productive of ellipses of gradually reiduced cross 
sectional areas and angularly rotated approxi. 
mately ninety degrees with respect to each other. 
ihe final rolling stage, or stages, not shown, in 
corporating in the rolling machine may be pro 
ductive of a Substantially cylindrical pass, al 
though any other desired configuration may he 
produced by providing appropriate conthplemen 
tary forming grooves in the cooperating rolls 
thereof. 
In this rolling machine each rolling stage is 
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provided with an individual adjustable speed 
drive, not shown, whereby the second, third, etc., 
rolling stages may be operated at successively 
slightly increased speeds with respect to the speed 
of the first rolling Stage in Order to accornredate 
elongation of the assembly ) as the CroSS Sec 
tional area, thereof is successively reduced with 
out buckiing of the assembly between the Suc 
cessive rolling stages. Also the individual rolls 
of ea. Ch rolling Stage are rotated in opposite di 
rections and in Such directions as to propel or 
feed the assembly it upwardly through the roll 
ing machine after the upper end of the asserably 
it has been inserted between the rols 2 of the 
first rolling stage. 

Accordingly, in the operation of this 1'olling 
In achine it Will be understood that after the uppei' 
end of the assembly ) is inserted by the guide 
structure, not shown, between the complemen 
tary forming grooves 2 cl formed in the rolls 2 
of the first rolling stage that the assembly 
is noved or fed upwardly through the rolling 
machine and ultinately discharged from the up 
per end thereof. The passes incorporated in the 
rolling machine are Sufficiently gradual to prevent 
appreciable flowing of the insulating material 3 
ahead of the individual rolling stages and the 
consequent longitudinal distortion of the convolu. 
tions of the resistance conductor 2. Moreovel, 
the passes incorporated in the rolling na?chine 
are sufficiently gradual in order Successively to 
reduce the croSS Sectional area, of the asseniy Ei 
Without appreciable lateral distortion of the co 
volutions of the resistance conductor 2 or lateral 
displacement of the resistance Conductor 2 froin 
its substantially central location within the sheat. 

. As clearly indicated in Figs. 4, 5, and 6, the 
orientation of the major axes of the Sulacessive 
elliptical Cross-sections produced in the assembly 
: at the respective first, Second and third rolling 
stages are alternately rotated by approximately 
ninety degrees, Which arrangement is very advan 
tageous in that the two rolling stages respectively 
disposad below and above a given rolling stage 
constitute Wises for holding the respective Upper 
and lower ends of the section of the assembly B 
that, is being rolled in the given rolling stage. 
Moreover, this arrangement prevents the pro 
duction of fins or ridges on the sheath at 
the junctions between the cooperating forming 
grooves provided in the different pairs of rols 
in the various rolling stages. Finally, in order 
positively to insure that the outer Surface of the 
sheath f is not damaged incident to performing 
the rolling Operations described the Outer Surface 
of the sheath inay be given a preliminary thin 
Coating of oil, graphite or other Suitable drawing 
compound. 

During the Operation of the machine the sheath 
is elongated and the cross sectional area, thereof 

is reduced so as to compact the insulating mate 
rial f3 into a dense mass and firmly into engage 
ment Wtih the resistance conductor A2 and the 
terrainals f {3 and 5 and firmly in the resulting 
Space between these elements and the wall of the 
Sheath and between the coinvolutions of the 
resistance conductor 2. After the assembly 
has been discharged from the cold rolling ma 
Chine it is annealed and may then be Stored in a 
horizontal or any desired position until it is ulti 
Inately finished for use. In the finishing opera 
tics the opposite ends of the sheath are 
Stripped back in order to remove the washers 5 
and it. Thereafter the opposite ends of the com 
pacted dense mass of insulating material i3 may 
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6 
be cored in order to provide cavities respectively 
adjacent to the opposite ends of the sheath i? 
and respectively surrounding the terminals 4 and 
8. Then these cavities may be filled with glass 

plugs in order to seal the opposite ends of the 
sheath and to support the terminals f4 and 45 
in their substantially central locations projectill: 
from the opposite ends of the sheath if. Finally, 
the sheath of the finished assembly may 
be flattened and otherwise formed to provide the 
required configuration of the completed heating 
unit. For example, in rolling one standard heating 
unit assembly to the sheath f is formed of "In 
conel,' an alloy comprising approximately 78% 
nickel, 13% chromium and 9% iron; and the 
cold rolling machine comprises eight rolling and 
forming stages. The sheath it is initially Sub 
stantially cylindrical having an outside diameter 
of approximately 0.373. The first rolling stage 
is substantially elliptical, whereby the first oval in 
the sheath has major and minor outside di 
mensions of approximately 0.379' and 0.355', re 
spectively. The second rolling stage is Substan 
tially elliptical, whereby the second oval in the 
sheath has major and minor outside dimen 
sions of approximately 0.369' and 0.346', respec 
tively. The third rolling stage is substantially 
elliptical, whereby the third oval in the sheath 
i i has major and minor outside dimensions of 
approximately 0.359' and 0.337', respectively. 
The fourth rolling stage is substantially ellipti 
cal, whereby the fourth oval in the sheath has 
iyajor and minor outside dimensions of approxi 
inately 0.349' and 0.327’’, respectively. The fifth 
rolling stage is substantially elliptical, whereby 
the fifth oval in the sheath has major and 
minor outside dimensions of approximately 0.339' 
and 0.318'', respectively. The sixth rolling stage 
is Substantially elliptical and identical to the fifth 
rolling stage and is provided primarily to take 
up any wear in the preceding rolling stages, 
Whereby the sixth oval in the sheath again 
has major and minor outside dimensions of ap 
proximately 0.339' and 0.318'', respectively. The 
Seventh and eighth rolling stages are substan 
tially circular and identical and insure that the 
finished sheath is smooth and round and of 
an Outside diameter of approximately 0.333'. 
Thus the outside diameter of the sheath is re 
duced from 0.373' to 0.333' in the several cold 
rolling passes effecting a corresponding reduc 
tion in the cross Sectional area, thereof, this re 
duction in the initial cross sectional area of the 
sheath being in excess of 21% in the present 
example. By employing the alloy mentioned in 
the sheath and the gradual rolling passes de 
Scribed, not only are the previously mentioned 
characteristics attained in the finished heating 
unit, but it is pointed out that annealing between 
the Successive cold rolling passes is not required 
in Working the metal sheath . 
The utilization of the cold rolling machine dis 

closed in the previously mentioned Oakley appli 
cation for the purpose of carrying out the rolling 
Steps described is very advantageous in view of 
the fact that the successive gradual oval passes 
are accomplished by a Single feeding of the as 
Sembly in an upright position therethrough; 
however, it Will be understood that it is not im 
perative that this rolling machine be employed, 
as the assembly to may be passed successively in 
an upright position through a cold rolling ma 
chine provided with a single rolling stage, with 
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appropriate orientation of the assembly to be 
tween successive passes. In employing a single 
stage cold rolling machine the assembly O is 
rotated through an angle of approximately ninety 
degrees between successive passes and the co 
operating rolls are successively changed in Order 
to obtain both the required orientation of the 
oval rolling passes and the gradual reduction of 
the cross Sectional area of the sheath f. 

However, in any case and regardless of the 
type of cold rolling machine or other apparatus 
that may be utilized for the purpose of cold work 
ing the sheath , the assembly 4 is always main 
tained in a substantially upright position follow 
ing the charging of the insulating material f3 
into the sheath and the tamping of the ini 
Slating material 3 in place and until after corn 
pletion of the cold Working of the sheath f. in 
order positively to prevent any substantial sag 
ging of the resistance conductor 2 from its as 
Sembled Substantially central location. Within the sheath. . . 
In View of the foregoing it will be understood 

that in accordance with the present method the 
component eleineints of the assembly to are not 
Only asseniled while the sheath if occupies a 
Su:Stantially Upright position, but the sheath 
is cold Worked in the substantially upright posi 
tion, 82nd the assembly is never permitted to 
aSSui3ae an appreciable horizontal position at any 
time following the production of the assembly 

and until after the cold working of the sheath . 

While there has been described what is at pres 
eat considered to be the preferred embodiment 
of the invention, it willi be understood that various 
rhodifications. Inay be made therein, and it is 
intended to cover in the appended claims all such 
modifications as fall within the true spirit and Scope of the invention. 
What is claimed is: 
i. The Inethod of making a sheathed electric 

heating unit including a tubular metal sheath, 
an electrical resistance conductor substantially 
Ceilbrally located within said sheath, and a body 
of Coripressible heat-conducting and electrical 
insulating inaterial embedding said resistance 
CO12(33EO) and holding it in its substantially ceni 
tral location. Within said sheath, comprising the 
StepS of iiiserting said resistance conductor into 
Said, sheath, charging said material in finely di 
vided for: into said sheath about said resistance 
COEiductor while Said sheath is arranged in a 
Sustantially upright position and tamping said 
iraterial in place between said sheath and said 
resista.11ce coaductor while said sheath is ar 
ranged in a Substantially upright position in or 
dei Substantially centrally to locate said resist 
ance conductor. Within said sheath, and then cold 
Working. Said sheath. While said sheath is air 
ranged in a Substantially upright position so as 
Substantially to reduce the cross sectional area. 
of Said sheath in order firmly to compact said 
material into a dense mass in engagement with 
Said sheath and said resistance coiaductor with 
out Substaitial displacement of said resistance 
conductor from its substantially central location 
within said sheath, wherein said charging and 
tamping steps and then said cold working step 
are carried out successively without permitting 
said sheath to depart appreciably from its sub 
stantial upright position following said charg 
ing and tamping steps and until after said cold. 
working step so as to prevent any substantial 
interim sagging of said resistance conductor from 
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8 
its substantially central location within Said Sheath. 

2. The method of making a sheathed electric heating unit comprising the steps of inserting 
an electrical resistance conductor into a tubular 
Anetal sheath, charging a finely divided compres 
Sible heat-conducting and electrical-insulating 
material into Said sheath about said resistance 
conductor while said sheath is arranged in a 
substantially upright position and tamping said 
material in place between said sheath and said 
resistance conductor while said sheath is ar 
ranged in a substantially upright position so as 
to locate said resistance conductor substantially 
centrally within said sheath and in spaced rela 
tion with the wall of said sheath, and then sub 
jecting Said sheath to a plurality of successive 
gradual cold rolling passes while said sheath 
is arranged in a Substantially upright position 
So as Substantially to reduce successively and 
gradually the CFOSS Sectional area of said sheath 
in Order to compact said material into a dense 
naSS in the resulting space between said resist 
ance conductor and the wall of said sheath with 
out appreciable lateral displacement of said re 
Sista Iice conductCl from its substantially central 
iocation. Within Said sherath, wherein said charg 
ing and tannping steps and then said cold rolling 
Steps are carried out successively without per 
initting Said sheath to depart appreciably from 
its Substantially upright position following said 
charging and tamping steps and until after said 
Cold roiliig steps so as to prevent any substan 
tiai interin Sagging of said resistance conduc 
or froxii its Substantially central location with in Said sheath. 
3. The filethod of making a sheathed electric 

leating liait Comprising the steps of inserting a 
helical electrical resistance conductor into a 
tubular inetal sheath, charging a finely divided 
coin pressibie heat-conducting and electrical-in 
Sulating haterial into Said sheath about saii 
i.eSistance conduigtot While Said sheath is ai. 
i’anged in a Substaintially upright position arc. 
$3.3 aping Said haterial in place between Said 
sheath aid Said resistance colnductor while said 
She2th is 3.12"aged in a Substantially upright po 
Sittiei SO &S to locate Said resistance conductor 
Suisstantially centially Within said sheath and in 
Spaced i.eiation. With the Wai of Said sheath and 
to pre;3e3"We the Spacing getween the convolutions 
of Said 'esist23.2ce conductor, and then subjecting 
Said. Sheathi to a plurality of Successive gradual 
coid rolling passes while said sheath is arranges 
in a substantially upright position so as substan 
tially to reduce Successively and gradually tis 
cross Sectional area of said sheath in order to 
compact Said materiai into a dense mass in the 
resulting Space between Said resistance conductor 
and the wall of said sheath and between the corn. 
volutions of Said resista.race conductor without ap 
precialie lateral displacerilent of Said resistance 
conductor from its substantially central locatio in 
within said sheath and without appreciable dis 
tortion of the convolutions of said resistance con. 
ductor, wherein said charging and tamping steps 
and then said coid rolling steps are carried out 
Successively without perinitting said sheath to 
depart, appreciably from its substantially upright, 
position following said charging and tainping 
steps and until after said cold rolling steps so as 
to prevent any Substantial interim sagging of Said 
resistance conductor from its substantially cen 
tral location within said sheath. 

4. In the method of making a sheathed electric 
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heating unit including a tubular metal sheath, 
an electrical resistance conductor Substantially 
centrally located within said sheath, and a body 
of finely divided compressible heat-conducting 
and electrical-insulating material embedding Said 
resistance conductor and filling the Space be-, 
tween said resistance conductor and the Wall of 
said sheath; the steps comprising producing an 
assembly of said elements named, and then Sub 
jecting said sheath to a plurality of Successive 
gradual cold rolling passes while said assembly is 
arranged in a substantially upright position. So 
as to reduce successively and gradually the initial 
cross sectional area of said sheath by at least 10% 
in order to compact said material into a dense 
mass in the resulting space between said resist 
ance conductor and the wall of said sheath. With 
out appreciable lateral displacement of Said re 
sistance conductor from its substantially central 
location within said sheath. 5. In the method of making a sheathed elec 
tric heating unit including a tubular metal 
sheath, a helical electrical resistance conductor substantially centrally located within Said 
sheath, and a body of finely divided compressible 
heat-conducting and electrical-insulating mate 
rial embedding said resistance conductor and fill 
ing the space between said resistance conductor 
and the wall of said sheath and the Space be 
tween the convolutions of said resistance con 
ductor; the steps comprising producing an as 
sembly of said elements named, and then sub 
jecting said sheath to a plurality of Successive 
gradual cold rolling passes while said assembly 
is arranged in a substantially upright position SO 
as to reduce successively and gradually the initial 
cross sectional area of said sheath by at least 10% 
in order to compact said material into a dense 
mass in the resulting space between Said resist 
ance conductor and the wall of Said sheath and 
between the convolutions of said resistance con 
ductor without, appreciable lateral displacement 
of said resistance conductor from its substantial 
ly central location within said sheath and with 
out appreciable distortion of the convolutions of 
said resistance conductor. 

6. In the method of making a sheathed electric 
heating unit including a tubular metal sheath, an 
electrical resistance conductor substantially cen 
trally located within said sheath, and a body of 
finely divided compressible heat-conducting and 
electrical-insulating material embedding said re 
Sistance conductor and filling the space between 
said resistance conductor and the wall of said 
sheath; the steps comprising producing an as- is 
sembly of said elements named, and then cold 
rolling said sheath in successive gradual oval 
passes while said assembly is arranged in a Sub 
stantially uplight position so as to reduce suc 
cessively and gradually the initial cross sectional 
area, of Said sheath by at least 10%, and chang 
ing the relative Orientation of Said sheath and 
Said oval passes between Successive ones of said 
oval passes in order alternately to rotate the 
r2.jor axis of the oval cross section of Said sheath 
through a substantial angle between successive 
ones of said oval passes, thereby to compact said 
naterial into a dense mass in the resulting space 
between said resistance conductor and the Wall of 
Said sheath. 

7. In the method of making a sheathed electric 
heating unit including a tubular metal sheath, a 
helical electrical resistance conductor substan 
tially centrally located within said sheath, and a 
body of finely divided compressible heat-con 
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10 ducting and electrical-insulating material em 
bedding said resistance conductor and filling the 
space between said resistance conductor and the 
wall of said sheath and the space between the 
convolutions of said resistance conductor; the 
steps comprising producing an assembly of Said 
elements named, and then cold rolling Said . 
sheath in successive gradual oval passes while 
Said assembly is arranged in a substantially up 
right position. So as to reduce Successively and 
gradually the initial croSS Sectional area of Said 
sheath by at least .0%, and changing the relative 
orientation of said sheath and said oval passes be 
tween successive ones of said oval passes in order 
alternately to rotate the major axis of the Oval 
CrOSS Section of Said sheath through an angle of 
approximately 90° between successive ones of 
Said oval passes, thereby to compact said mate 
rial into a dense maSS in the resulting space be 
tWeen said resistance conductor and the wall of 
Said sheath and between the convolutions of said 
resistance conductor. 

8. In the method of making a sheathed electric 
heating unit, including a tubular metal sheath, a 
helical electrical resistance conductor substanti 
ally centrally located within said sheath, and a 
body of finely divided compressible heat-con 
ducting and electrical-insulating material em 
bedding Said resistance conductor and filling the 
Space between said resistance conductor and the 
Wall of Said sheath and the space between the 
convolutions of said resistance conductor; the Steps comprising producing an assembly of said 
eleanents mained, and then moving said assem 
bly upwardly while arranged in a substantially 
upright position and simultaneously subjecting 
Said sheath to a plurality of successive gradual 
angularly rotated cold rolling passes so as to re 
duce Successively and gradually the initial cross 
Sectional area of said sheath by at least 10% in 
Order to compact said material into a dense mass 
in the resulting space between said resistance 
Conductor and the wall of said sheath and be 
tween the convolutions of said resistance con 
ductor Without appreciable lateral displacement 
of Said resistance conductor from its substan 
tially central location within said sheath and 
Without appreciable flowing of said material 
ahead of said rolling passes and the consequent 
longitudinal distortion of the convolutions of 
Said resistance conductor. 

9. The method of making a sheathed electric 
heating unit including a tubular metal sheath, a 
helical electrical resistance conductor substan 
tially centrally located within said sheath, and a body of compressible heat-conducting-electrical 
insulating material embedding said resistance 
conductor and holding it in its substantially cen 
tral location within said sheath, comprising the 
Steps of producing an assembly of said resistance 
conductor within said sheath, placing said as 
Serably in a substantially vertical position in a 
Vertical material charging and tamping machine, 
Operating said machine to charge said material 
in finely divided form into said sheath about said 
resistance conductor and to tamp said material 
in place between said sheath and said resistance 
conductor in order substantially centrally to lo 
cate Said resistance conductor Within said 
sheath, transferring said assembly in a substan 
tially vertical position from said machine to a 
vertical plural Stage cold rolling mill, and then 
operating Said mill to move said assembly in the 
Vertical direction and simultaneously to subject 
Said sheath to a plurality of successive gradual 
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cold rolling passes so as to reduce successively 
and gradually the initial cross sectional area of 
said sheath by at least 10% in order to compact 
said material into a dense mass in the resulting 
Space between said resistance conductor and the 
wall of said sheath without appreciable lateral 
displacement of said resistance conductor from 
its substantially central location within said 
sheath and without appreciable distortion of the 
convolutions of said resistance conductor. O 
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