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The present invention relates to methods of
making sheathed electric heating units and more
particularly to improved cold rolling steps that
are employed 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
ususlly 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-
Guctor 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
ig 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-chromium alloy, the sheath is formed of a
suitable nickel-chromium-iron alloy that is suffi-
ciently plastic to permit cold working thereof,
and the resistance material essentially comprises
finely divided or granulated magnesia.

{n methods heretofore employed in making an
elactric heating unit of the type noted the parts
mentioned 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-
gte 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
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methods that were employed in the manufacture
of the heating units.

 Accordingly, itis a seneral 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 & substantially
central location within the sheath.

Another object of the invention is to provide
sn improved method of making an electric
heating unit of the type noted, wherein the
elements of the heating unit are assembled in
o substantially upright position and then the
sheath is cold worked in a substantially up-
right position, without permitting the sheath
to assume an appreciable horizontal position
tollowing assembly of the elements thereinto
and until after working thereof, so as to prevent
any substantial sagzing 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.

wurther 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
method of operation, together with further ob-
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 magchine that
may be employed in carrying out the preseni
method: Fig. 3 is an enlarged transverse sec-
tional view, taken along the line 3—2 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 assem-
bly following the first rolling stage of the rolling
machine, as well ag g fragmentary plan view of
the rolls incorporated in the first rolling stage;
Fig. 5 is an enlarged transverse sectional view,
taken along the lineg §—5 in Fig. 2, of the heating
unit assembly following the second rolling stage
of the rolling machine, as well as g fragmentary
blan view of the rollg incorporated in the second
rolling stage; and Fig. 6is an enlarged transverse
sectional view, taken along the line 6-—§ in g,
2, of the heating unit assembly following the
third rolling stage of the rolling machine, as well
as a fragmentary plan view of the rolls incor-
borated in the third rolling stage.

Referring now to the drawing, in Fig, 1 there
is Mustrated a sheathed slectric heating unit
assembly 18 that has been brepared for the roll-
ing operations. This assembly {98 comprizses an
ouber metallic tubular sheath 14 that may he
formed of g suitable nickel-chromium-iron alloy
and having. a stubstantially circular eross-section,
and sn electrical resistance conductor or element
17 that may hs formed of a suitpbis nicizel-
chromium alloy and losated. substantially cen-
trally within the sheath 11 and embedded in g
body of heat-conducting ang electrical~insulatine
mazerial: 18, The insulating material {8 is in
finely divided or granulated form and Lolds the
Tesisbanes conductor (2 in. its substantially ¢
tral loeation. Preferably the insulating mat
18 essentially comprises magnesia and has been
charged into the sheath f{ angd tamped in place.
Preferdbly the opposite ends ¢f the regis ce
coniuctor 2 are welded or otherwise g 57
secured 4o two electrical terminegls 14 ang {8 that
respectively project from the opposite ends of tha
sheath {1, the innep ends of the terminals §4 and
18 being also embedded in tha nsulating maje-
rial 18. Pinally, the cbhposite ends of 1 &
{l are closed by suitable washers 16 and 17 raspec-
tively surrcunding the terminals 14 and {5 and
retaining the insulating material {5 in place.

In producing the assembly {6 the loading ma-
chine disclosed. in Y. 8. Patent WNo. 2,316,859,
granted on April 13, 1843 to John 1. Andrews, may
be employed. More particuiarly, after the inner
ends of the terminalg | 4 and {5 are secured to
the opposite ends of the resistance conductor (2,
the lower washer §1 is secured o $he termingl {7
and thess elements aie threaded through the
lower end of the sheath 4, the washer 17 engag-
Ing o locating bead i3 formed adjacent to the
lower end of the sheath {i. A4 thig time the
terminal 14 is held in & substantially central icea-
tion in the ubper end of the sheath £1, and the
body of insulating material i3 is charged inte
the sheath {1 while the shesath {{ and the ela-
ments mentioned OCCUPY a substantially upright
or vertical position, As thz finely divided insu-
lating material 3 ig charged into the sheath {1
It embeds first the terminal {5, then the resist.-
ance conductor 12, and ultimately the terminal
14 restraining or holding these elements in their
substantially central lecation within ths sheath
ti. During charging of the insulating materia?
13 into the sheath 1}, the sheatn b4 may hs
vibrated or jarred slightly in order to insure
tamping or backing of the Insulating material in
the space between the termingls {4 and % and
the resistance conductor i2 and the wall of tha
sheath [{ ang between the convolutions of the
resistance conductor 19 angd into. the core of the
Tesistance conductor {2 defined by fhe convoly-
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tions therecf. After the insulating materiai 3
hag heen charged into the sheath 11 and tamped
in place filling the Spaces mentioned, the upper
washer {8 is secured in place within the upper
end of the sheath {{ in order to prevent any pos-
sible escape of the insulating material 13 from
the sheath i1. At this time the assembly {2 is
Temoved from the loading machine to be stb-
sequently finished in a cold rolling machine as
described below. In removing the assembly {0
froma. the loading machine angd in storing the
assembly {92 prior to inserting it in the rolling
machine as deseribegd below, the assembly 1§ is
retained in its substantially upright position in
order positively to brevent sagging of the resist-
ance conductor [2 prior to inserting the assem-
bly 18 into the rolling machine.

At this time the agsembly 18 is subjected to 3
plurality of successive gradual cold rolling passes,
and in carrying out this operation the cold rolling
machine disclosed in the brevicusly mentioned
Oakley application may be employed. Ag sche-
matically illusirated in Fig. 2, this colg rolling
machine comprises a, plurality of sueccessive grad-
ual oval rolling stages arranged in substantially
vertical alignment and alternately angularly dig-
rosed abproximately ninety degrees. Specifically,
this machine comprises: o first rolling stage in-
cluding the pair of individual forming rolls 214,
8 second relling stage including the pair of ingi-
vigue 22, a third rolling stage in-
1 individual forming rolly 28,
nd other successive and similar rolling stages,

no} shown. The fivsh, second, third, ete., rolling
5% arranged in substantially vertical

as previously noted, the frst rolling.
g lowermost in the rolling machine and
associated with guide structure; not shown, for
16 purpose of introducing the upper end of ths
assembly {2 between the rolls 2§ thereof. The
rolls 21 of the Grst rolling stags, the rolls 23 of
nird roliing stage and the other rolls of the
id rolling stages are arranged in a first
1ally vetrieally disposed rlane; while the
22 of the second rolling stage, and the cther
rolis of the other even roiling stages are arranged
in 3 second substantially vertically  disposed
plane; wherein the first and second Planes men-
tioned are angularly displacegd approvimately
ninety degrees with respect to emch other. The
rolls 21 in the first rolling stags have comple-
mentary substantially semi-ellintical forming
grooves 2ia arranged therein and coopsrating o
define a first pass having a generally elliptical
cross-section; the rolls 22 in the second rolling
staze have complementary substanti My semi-
ellintical forming srocves 22a arranged therein
and cooperating to defing a second pass having o
generally eliiptical cress-section; the rolls 23 in
the third rolling stage have com lementary sub-
stantially semi-ellintical forming zrooves 224 ar-
ranged therein and cooperating to define g third
Pass Naving g generally elliptical cross~section,
Thus the first, second, third, ete., vasses are
broductive of ellipses of gradually reducsd cross
sectional areass- and angularly rotateg approni
mately ninety degrees with: regpect to each other;
The final rolling stage, or stages, nob showz, in-~
corporating in the 18lling machine may be pro-
ductive of o substantially cylindrical pass, al-
though any other. desired configuration may he
produced by providing appropriats complemen-
tary forming grooves in the cooperating rolls
thereef.
In this relling 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 atb successively
slightly increased speeds with respect to the speed
of the first rolling stage in order to -accommeodate
elongation of the assembly 19 as the cross seC-
tional area thereof is successively reduced with-
out buckling of the assembly 14 between the suc-
cessive rolling stages. Also the individual rolls
of each rolling stage are rotated in opposite di-
rections and in such directions as to propel or
fesd the assembly 6 upwardly through the roll-
ing machine after the upper end of the assembly
{5 has been inserted between the rolls 21 of the
firsy rolling stage.

2ecordingly, in the operation of this rolling
machine it will be understood that after the upper
end of the assembly 10 is inserted by the guide
structure, not shown, between the complemen-
tary forming grooves 2i¢ formed in the rolls 21
of the first rolling stage that the assembly i
is moved or fed upwardly through the rolling
machine and ultimately discharged from the up-
per end therecf. The passes inecorporated in the
rolling machine are sufficiently gradual to prevent
sppreciable flowing of the insulating material i3
shead of the individual rolling stages and the
consequent longitudinal distortion of the convolu-
tions. of the resistance conductor {2. Moreover,
the passes incorporated in the rolling machine
are sufiiciently gradual in order successively to
reduee the cross sectional area of the assembly (8
without appreciable lateral distortion of the con-
volutions of the resistance conductor {2 or lateral
displacement of the vesistance conducior {2 from
its substantially central jocation within the sheath
1. As clearly indicated in Figs. 4, 5, and 8, the
orientation of the major axes of the successive
elliptical cross-sections produced in the assembly
{p at the respective first, second and third roiling
stages ars alternately rotated by approximately
ninety degrees, which arrangement is very advan-
tageous in that the two rolling stages respectively
disposed below and above a given rolling stage
constitute vises for holding the respective upper
and lower ends of the section of the assembly {8
thet is being rolled in the given rolling stage.
Moreover, this arrangement prevents the pro-
duction of fins or ridges on the sheath {i at
the junctions between the cooperating forming
grooves provided in the different pairs of rolls
in-the varicus rolling stages. Finally, in order
positively to insure that the outer surface of the
sheatn i is not damaged incident to performing
the rolling operations described the outer suriace
of the sheath 1 may be given a preliminary thin
coating of oil, graphite or other suitable drawing
compound.

During the cperation of the machine the sheath
i! is elongated and the cross sectional area thersof
is reduced so as to compact the insulating mate-
rial {3 into a dense mass and firmly into engage-

ment wtih the resistance conductor 12 and the

terminals 6 and {3 and firmly in the resulting
space between these elements and the wall of the
sheath {1 and between the convolutions of the
resistance conductor 2. After the assembly 8
has been discharged from the cold rolling mea~
chine it is annealed and may then be stored in a
horizonial or any desired position until it is ulei-
mately Anished for use. In the finishing opera-
tions the opposite ends of the sheath (i are
stripped back in order to remove the washers {6
and i1. Thereafter the opposite ends of the com-
pacted dense mass of insulating material i3 may
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be cored in order to provide cavities respectively
adjacent to the opposite ends of the sheath i
and respectively surrounding the terminals 14 and

%. Then these cavities may pe filled with glass
plugs in order to seal the opposite ends of the
sheath 11 and to support the terminals i4 and {8
in their substantially central locations projecting
from the cpposite ends of the sheath if. Finally,
the sheath i of the finished assembly (8 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 16 the sheath {1 is formed of “In-
conel,” an alloy comprising approximately 78%
nickel, 13% chromium and 9% iron; and the
colq rolling machine comprises eight rolling and
forming stages. The sheath 11 is initially suhb-~
stantially eylindrical 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 it 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
{1 has major and minor outside dimensions of
approximately 0.359" and 0.337'7, respectively.
The fourth rolling stage is substantially ellipbi-
cal, whereby the fourth oval in the sheath 1{ has
major and minor outside dimensions of approxi-
mately 0.349'" and 0.327", respectively. The fifth
rolling stage is substantially elliptical, whereby
the ffth oval in the sheath i! has major and
rainor 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 if 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 cireular and identical and insure that the
finished sheath 1i is smooth and round and of
an outside diameter of approximately 0.333".
Thus the outside diameter of the sheath {1 is re-
duced from 0.373°7 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 1! being in excess of 21% in the present
example. By employing the alloy mentioned in
the sheath {t and the gradual rolling passes de-
scribed, not only are the previously mentioned
characteristies 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 1.

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 10 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 10 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 {08 be-
tween: suecessive basses. In employing s sinsle
stage cold rolling machine the assembly 19 is
rotated through an angle of approximately ninety
degrees between successive passes and the co-
operating roilz are successively changed in order
t0 obtain both the required orientation of the
oval rolling passes and the gradual reduction of
the cross sectional ares of the sheath I,

However, in any case and regardless of the
type of cold rolling machine or other apparatus
that may be utilized for the purpose of colg work-
ing the sheath ti, thie assembly 49 is always main-
tained in g substantially upright position: follow-
ing the charging of the insulating material 13
into the sheath [ and the tamping of the ir-
sulating materidal 13 In place and until after com-
Pletion of the eolg working of the sheath (1 in
order positively to: prevent. any substantial sag-
ging of the resistance conductor 12 from ity ag-
sembled substantiaily central loeation: within the
sheath: [},

In view of the foregoing it will be understood
that in aceord ne2 with the preserit method the
component elements of the asgembly I8 are not
only assembled while the sheath kf occupies a
sukstantially uprighi position, but the sheath §4
ig cold woiked in the substantially upright pesi-
tien, gnd the assembly {8 is never permitted to
assume an appreciable horizontal position at any
time following. the production of the assembly
L8 angd until after the cold working of the sheath
1.

While there has beer deseribed what is at pres-
ent donsidered to be the preferred embodiment
of the invention, it wili be understood that varioug
medifications. may be made therein, and it is
intended to cover in the appended claims all such
modifications as fall. within the true spirit and
seope of the invention:

What is claimed is:

1. The method of making a sheathed electrie
heating unit incluging a tubular metal sheath,
an electricg] resistance econductor substantially
centrally located within said sheath; and a hody
of cormipressible h‘e‘aﬁ»-condueting‘ and electricgl
insulating materisl embedding said resiztance
condustor and holding it in: its substantially cen-
tral location: within said sheath, comprising the
sbeps of inserbing said resistance conductor inte
sajd. sheath; charging said materig] in finely di-
vided formt into said sheath about said resistance
conductor while said sheath. is arranged in a
substantially upright Dposition. and tamping saig
materizl in place between said sheath and said
resistanice conductor while said sheath is ar-
ranged in g substantially upright position in or=
der substantially centrally to loeate said resist-
ancee conductor within said sheath, and then colg
working. said sHeath while said sheath is ar-
ranged in a substantially upright position s¢ ag
substantially to reduce the ersss secticnal area-
of said sheath in order firmly to compaet said
material into a dense mass in engagentent with
sald sheath and said resistance conduetor with-
out substantial displacement of said resistance
conductor from ifs substantially central location
within said sheath, wherein said charging and
tamping steps and then sald cold working step
are carried oug 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 o as to prevent any substantial
interim: sagging of said resistance ‘coniductor from
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its substantially central location within said
sheath.

2. The method of making a sheathed electric
heating unit comprising the steps of inserting
an elecirical resistance conductor into a tubular
metal sheath, charging a finely divided compres-
sikle heat--conducting and electrical—insulating
material into said sheath about said resistance
conduetor 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 pesition 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-
Jeeting said sheath t0 a plurdlity of successive
gradual cold rolling passes while said sheath
is arranged in a substantially upright position
S0 as substantially to reduce successively and
gradually the eross sectional area of said sheath
in order to compact said material into g 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-
sistanice conductor from its substantially central
location within said sherath, wherein said charg-
ing and tamping steps and then said cold rolling
s9eps- are carried out Successively without ber-
mitting said sheath to depart appreciably from
substantially upright position Iollowing said
charging and tamping steps and until after said
cold rolling steps so as to prevent any substan-
tial interim sagging of said: resistance condye-
tor from its Substantially central location with-
in sald sheath.
thod of making g ehasthed elsciric
comprising the steps of inserting »

elecirical resistance conductor into 1
¢ metal sheath, charging g finely divided
compressibie heat—cenductmg and electricai-in.
sulating material into said shesth about said
resistance conductor while said sheath is
tanged in g substantially upright position an
2mPing said malerial in place between sa

sath and said resistance conducior while' saj
eath is sivanged in g substantially upright o
Cil 30 &% to locate said resistance conducior
stantially centraliy within said sheath and i
ed relation with the wall of said sheath ang
@ preserve the spacing hetween the convolutions
of said istance conductor, and then subjecting
said sheath fo g plurstity of Succeessive gradus
cold rolling passes while said sheath is arranged
in a substantially upright position so as substan-
tially to reduce successively and gradually ths
cross sectional area of said sheath in order to
compact said material into a dense mass in the
resulting space bebvwesn said resistance conductor
and the wall of said sheath and between the con.
volutions of said resistance conductor without ap-
preciabie lateraf displacement of said resistance
conductor from its substansially central location
within said sheath and without appreciable dis-
tortiow of the convolutions of saig resistance con-
ducior, wherein said chargitig and tamping steps
and then said coid rolling steps are carried out
suceessively withous permitting said sheath to
depart apprecis substantially yprigat
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ably from its
position following said charging angd temping
steps and until afier said cold rolling steps so ag
to prevent any substantial interim: sagging of said
resistance conductor from its substantially cen-
tral location within saig shedth.

4. In the method of making a sheathed electric
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heating unit jncluding 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 & plurality of successive
gradual cold rolling passes while said assembly is
arranged in a substantially upright position so
as to reduce sucecessively and gradually the initial
cross sectional area of said sheath by atleast 10%
in order to corapact 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 sts substantially central
Jocation within said sheath.

5. Tn the method of making a sheathed elec~
tric heating unit including & 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 gaid sheath and the space he-
tween the convolutions of said resistance con-
duetor; the steps comprising producing an as-
semply of said elements named, and then sub-
jecting said sheath to a plurality of successive
gradual cold rolling passes while said assembly
ig 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 petween said resist-
ance conductor and the wall of said sheath and
between the convolutions of said resistance con-
ductor withoub appreciable lateral displacement
of said resistance conductor from its substantial-
1y central location within said sheath and with-
out appreciable distortion of the convolutions of
said resistance conductor.

6. Tn the method of making a sheathed electric
heating unit including a tubular metal sheath, an
clectrical resistance conductor substantially cen-

trally located within said sheath, and a body of !

fAnely divided compressible heat-conducting and
clectrical~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- b

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 upright position sc 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 sald
oval passes in order alternately to rotate the
raajor axis of the oval cross section of said sheath
through 2 substantial angle between successive
ones of said oval passes, therehy to compact said
material into a dense mass in the resulting space
hetween said vesistance conductor and the wall of
said sheath.

7. Tn the method of making a sheathed electric
heating unit including & 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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" 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 sald 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 10%, 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
eross section of said sheath through an angle of
approximately g0° hetween successive ones of
said oval passes, thereby to compact said mate-
rial into & 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.

g. In the method of making a sheathed electric
heating unit including a tubular metal sheath, a
helical electrical resistance conductor substanbi-
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 sald 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 moving said assem-
bly upwardly while arranged in a substantially
upright position and gimultaneously subjecting
said sheath to a plurality of successive gradual
angularly rotated cold rolling passes SO as to re-
Guce 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 fowing 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 & tubular metal sheath, a
helical electrical resistance conductor substan-
tially centrally located within said sheath, and a
pody of compressible heat-conducting-electrical-
insulating material embedding said resistance
conductor ang 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-

.sembly in & substantially vertical position in a

vertical material charging and tamping machine,
operating said machine to charge said material
in finely divided form info 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 sald resistance conductor within said
sheath, transferring said assembly in a substan-
tially verbical 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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Sald material into a dense mass in the resulting ~ Number
Space between said resistance conductor and the 5 182,923
Wall of said sheath without appreciapie lateral 184,719
displacement of said resistance conductor from 1,588,558
its substantially central location within said 1,662,680
and without appreciable distortion of the 1,858,990
convolutions of said resistance conductor, 10 gggg»ggg
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