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My invention rela,bes to the manufacture of
electric “heaters, and more particularly to-the
manufacture of electrical heating elements com-
prising a resistor disposed within and insulated
from a tubular metallic- sheath. The principal
object of my invention is the provision of new.and
improved methods of producing -such  electric
heaters and the provision of new and 1mproved
apparatus for carrying out such methods. " "

In the drawing accompanying this speciﬁca-
tion, and forming a part of this application, I
have shown. for purposes of illustration, one form
which my invention may assume, and in th1s
drawing:

Figure 1 is a broken: 51de elevation of appa.-’

ratus-embodying my invention with which is ‘as-
sembled a sheath to be filled,

Figure 2 is a vertical sectional fragmenta.ry
view, enlarged, of an upper portion of- the as-
sembly shown in Figure 1,

Figure 3 is a vertical sectional fragmentary
view, enlarged, of a lower portion of the assembly
shown in Figure 1,
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heremafter more fully appear, a re51stor 36 ig dis-
posed within the sheath 28 and is held at:one.
terminal ‘end by the plug means 31 and at the
other terminal end by an anchor rod 87, the an-
chor rod being-tightly adjustably held in a-suit-
able clamp 38 tightenable by a nut 38, the clamp
38 being in turn secured-to the vertical standard
21. Means 492 for introducing: comminuted elec-
trical-insulating material into the sheath 28 'is
provided; this means, in this instance, including
what may be termed a. filler tube-or a lead tube
41 insertable in the sheath 28, the lead tube 41
carrying at its upper end funnel means 42 from:
which comminuted insulating matenal may flow
into the lead tube 41,

In-Figure 2 is shown the upper portlon of the

: sheath 28 and parts of the apparatus: associated -

20

Figure 4 is a section taken on the line 4——-4 of

Figure 2, and
Figures 5, 6, and 7 are enlarged sectlonal v1ews

taken on the lines 5—-5 6—8; and 1-—-1 respec-»

tively, of Figure 3.

Referring to Figure 1, there is here shown appa-
ratus embodying my invention, comprising a sup-
porting means 20 which includes a vertical stand-
ard 21-mounted on a base 22. The base 22 may be
fastened to table 23 with which may be associated
a vibrator indicated by the legend. -Secured to
the vertical standard 21 in any-suitable way‘are
arms 24, 25 which may include or serve to support
V-clamps 26, 2T adapted to rigidly clamp and hold
in an approximately vertical position a metallic
tube or sheath 28. The tubular sheath 28 may

be of any sectional aréa, size, or shape, so long

as it is ‘adapted to end-filling ‘with -comminuted
insulating material. In the illustrated embodi-
ment it is shown as of circular cross-sectional
shape. The parts of each V-clamp 26, 2T are
adapted to be drawn together by means of screw
bolts 29 and cooperating -wing nuts 30. - Plug
means 2! hag its upper end disposed.in the open-
ing at the lower end of ‘the sheath 28 and the
lewer end of the plug means.3| may be disposed
in the neck 32 of a reservoir or flask 33, the reser-
vair having a nipple 34 connectable to a conduit
35 which is desirably reinforced and flexible, and
connected through any suitable.valve means to
any suitable vacuum pump (not shown), all for
purposes -hereinafter to be described.  As.will

25
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therewn;h and in Figure 3 is shown: the lower
portion of the sheath 28 and parts of the appa-
ratus associated therewith. -Referring - first-to
PFigure 3 the lower end of the sheath 28 is dis- -
posed within a collar 43 extending upwardly from: .
the body 44 of the plug means 31, the lower end
of the sheath 28 abutting the shoulder 45 at-the
bottom of the collar 43. The plug means 31 in-

cliildes means for preventing comminuted. insula-

ing-material from being -discharged from -the -
lower end of the sheath 28 while at the same time
permitting:discharge of air through this means. .
In the illustrated instance this means comprises
a plug member 46 the lower end of which fits:and
is- fastened in-~a ' central cylindrical. hole -47

~ through the body 44 of the plug means, the hole

35
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41 being of the same. diameter and registering
with the opening at the lower end of the sheath
28, The plug member 46 is provided with a-plu-
rality of -longitudinally- extending air passages
49, desirably equally ‘circumferentially spaced.
The plug member 46 is conveniently made of pin-
ion rod so that the teeth provide the plurality of
circumferentially spaced longitudinally extend-
ing ‘passages 49. It is of course evident that the
outer peripheral surface of the plug-member 46
fits slidably-into the inside surface of the sheath
28.. The upper end of -the plug member 46 has
fastened thereto what may be termed a filter disc
50 provided with a plurality of circumferentially
equally spaced small-holes 51 of the same number
as the passages 49.: The disc 50 slidably fits the
inside surface of the sheath 28 and is:fastened to
the upper end of the plug member 46, so that the
holes 51 register with, in this instance, the radi-
ally inner end portions. of the passages 49...The
disc 50 is provided with a ¢entral aperture 52
registering with and of the same size as a cen-
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tral hole 53 in the plug member 46. The resistor 5

‘36 has a terminal member 54 permanently se-

cured to its lower end and this terminal member

may be inserted into the holes 52,53 and securely

" held in-the plug member 48 by means. of.a set
| screw 55 cooperatmg with a ‘threaded aperture 56
"in the body 44 of the plug means 31.

The extent to.

| which the ferminal 54 may be inserted in the plug. ;

member 48 is limited by reason of a shoulder ‘51.
Accordingly, the distance which the end of the

terminal 54 extends below the lower- end of the -

sheath 28 is gauged.

The lower end 58 of the body 84 'of the plug.’|

means is of conical form and -adapted to. make. i

l'air-tight connection with the neck 32 of :the
| reservoir 33 which if - desired may be made of

‘glass- or ‘other transparent material, but this is
not -essential.

"If . necessary - or desirable the .°

conical end 58 of the body may be provided with: -

‘a rubber bushing 59, to insure that the joint
'between’ ~the: plug- means ‘and ‘the neck of the

| TeServeir is air-tight. = A -rubber collar 60 over-

lapplng ‘the .lower-end of ‘the ‘sheath 28 and the

lupwardly. extendmg collar 43 on the plug means.
‘ma.y also. be: prowded to insure -an air-tight joint:

rat- this’ point ‘and if necessary ‘or desirable to
‘keep the end of ‘the sheath assembled with: the
‘ collar-under certain”conditions of operatioh.

nently fastenéd thereto & terminal member 61
which iis- temporarlly secured ‘to and-coaxial with
‘the- anchor rod 37" in any suitable way as by a
' clamping ‘means 62 formed ‘at the end. of the
-1anchor rod-31, ‘this clamping means being here
'shown as cooperating with ‘a reduced end 63 -of
the ‘terminal ‘member 61..
. |'the -anchor ¥od 37 is such that -a desired amount
. .of ‘fension-is placed on the resistor 36 5o that

~ . surfdce of the sheath 28:

- "The lead ‘tube 41:is of such outside dlameter
‘that it fits closely but slidably. within the" inside
su_rface ‘of sthe sheath:'28; and ‘is made .of such

‘material thereéin the lower end.of the lead tube
o will ‘reach &t Teast to :about the lower end of the

“The ‘adjustment of .. ,
- sively -into the portion-69; and as-soon-as-it falls’

in-it starts o -ge through the holes 16 and at =~

"1t s  eenitrally lodated with respect to the 1ns1de' - this time i vacuum should. be estabhshed inthe " . '

length that' when ‘the sheath ‘hasino msulatmg- i

20

: - outlet: 1:
“The upper end of the remstor 36 has perma- - held-in: the tube I3 may be provided, this bush-

. 3(.1

the lead tube is used to compact the ma,tenal
but this is not essential.

The wall of the lead tube 41 being very thln,
the upper end thereof-has a portion 66 of larger

‘outside -diameter so0 as to provide a thlckened

wall which may be held by a set screw 87 in a
threaded hole 68 in the lower end of the funnel
means 42. - The funne]l.means. 42 has a- cylin-
dr1ca1 Wall 69 the inside; of ‘which merges with: .

a. conical bottom 10 having & central outlet hole ™.

11 in registry with the bore 72 of the lead tube
#1.- The funnel means 42 may include means

" for: ‘controlling the flow of comminuted insulat-

ing .material into the conical portion 78, this

-means, being here shown'as comprising a tubé ",
|13 “(freely $urrounding the anchor rod 31, and

a.member 14 having ‘a central aperture 75 dn

‘ “which: the lower ‘end -of the tube 13 fits and is.
-fastened; the member T4 being provided with a:

plurality -of holes ‘76, in this instance three, ex-
tending ‘through the member -14. The member

14 fits slidablyin the -cylindrieal portion: §8,

and: is. provided -~with" a.-conical recess 71, the

" holes 16 being desirably -provided near the bot-:

tom of this recess. The holes 16 .serve not only

g to-control and limit the flow .of the material but

to-provide:a- desired:-even’ distribution :into: the
A bushing 80 fitting .in and suitably

ing: havinga- central bore. 81 fitting .slidably

| . about. the anchor; ‘vod: 87.. ‘The bushing 88 serves.
i~ toconcentrate on thelower.ends of the holes 16
“a’vacuum existing below the. ‘member . 74.

85

40

The comminuted insulating material-may be
put ;into the cyhndrlcal portion 69 of the funnel
means A2t one:time-or: it may-be fed progres- -

reservoir 33. It may be noted that there is only

& relatively small amount.of comminuted mate-

: rial.in the space .above the. bottom 8 and this.

a5

resistor: 36 “or, if desired; ‘down to .the -disc 50,

'The lower end of the lead tube is provided ‘with .

plurahty of ‘longitudinal ‘fins 64, in this -in-
stance four, which -are. c1rcumferent1ally spaced
joni the: inside surface of the-lead tube and ex-
tend radlally inward, as ‘may be seen in Figures:3

‘and’ 5. “The ‘tube 4 ‘may ‘be-provided ‘with 'slots
118 ‘itito ' which the fins 64 are fitted and fastened.
‘The fins-64 extend

a5 by brazing oy otherwise. |

. 'material is flowing downwardly in-a: fine stream }

or streams:’ “The'provision -of a-vacuum not, o-nly
causes the comminuted materlal to flow through

" the-‘holes 16 more rapidly but causes it to flow o

through these holes under feed. conditions which,
without a:vacuum, might cause these holes to

‘become clogged. - For best results, in general, the

commmuted ‘material is preferably dry and hot.
Commlnuted material fed into the.sheath 28

. by the feeding - means 40 falls to the lower end :

R ‘of ‘thesheath -and-is stopped, by the,s_creen disc " ‘
58. - Very little of the material will pass through:

radially. Anwardly ‘sufficiently ‘to engage "periph- ' |

eral-surfaces of. the resistor -36 ‘at circumfer-

entlally spaced ;points. "The fins'64 are desirably
-wvery thin ‘so” that the ‘amount of ‘contact iis not
“much smore than ‘point oi line contact so that

the fins readily: slide along the eirctimferentially -
spaced "points ‘of ‘the -péripheral :surface of the -

res1stor with :a” minimum of friction ‘as the lead
tube moves ‘with respect to the resistor:36.--'The
longltudma] ends 65 -of the fins have the mar-
i glnal corners*reheved ‘in #his ‘instance by round-

ing Gff *these ¢orners,.as may be seen in ‘Figure 3.

This ‘insures that ‘the fins 64 will mot hodk ‘into
convolutmns 'of the resistor -86, if‘the resistor ‘is
hehca] or the liks, and ‘Otherwise’ promotes slid-
ing movement “of ‘the fins with respect to the
remstor
- §5 - ‘may promote better compacting ‘of the com-
mlnuted 1nsulatmg-mater1al w1th1n the res1stor

the wvery small holes 51:in the screen disc 56,
because the-material -will quickly bridge the .en-

i tranee to-each -hole 51 ‘and . constitute .in -effect

a fine. screen. As the comminuted ma,terlal s

"I progressively fed from the: holes 16 through the
\ lead tube -4 ‘into the sheath; the material will

. accumulate -at the lower.end of the sheath, .and

 ‘the.level of :the .accumulated material will grad-

' ‘ually -rise, and at..the same time; by reason..of
- ‘the vacuum-in the reservoir 33, air is .being.con-

: stantly drawn down through-the sheath; through
' ‘the accumulated comminuted material, through

" the-screen member 56, through the passages 49
i into the reservoir 33 from which this excess air
. may be_contmuously exhausted by the vacuum‘

70

© Furthermore, ‘the lower rounded énds . -’

pump.
"The foregoing ‘is one way in which T may fin
the sheath 28 with comminuted insulating mate-

. rial; and’in this aspect -of my invention the lead

" “tube 41 may be entirely omitted and the funnel -
75

means 42 . may: d1scharge dlrectly into the:sheath
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28, of both the lead tube 41 and the particular
funnel means 42 may be omitted, and, in general,
comminuted insulating material may be fed into

the sheath by 'any other suitable means or in

anyother suitable way.

If desired, the sheath 28 may be tapped, to

vibrate it, while comminuted material is being
introduced, or the base 22 may be vibrated so as
to vibrate the entire apparatus, in any desired
suitable way. ‘

"By reason of the provision of the vacuum at the

lower end of the sheath, the air' displaced by
the incoming comminuted material is removed
downwardly, thus preventing the causing of up-
ward air currents against the direction of move-
ment of the comminuted material. - '

Such upward air currents, which are present
without ‘my invention, cause several difficulties
which my invention removes. .Upward air cur-
rents in the sheath 28 are objectionable because
an upwardly moving air column tends to have a
separatory effect on the fine and coarse particles

of insulating material comprised in an aggregate

which under - prior  practice included -particles
varying from —40 mesh to —200 mesh. My in-
vention obviates this objection even when finer
material 'is used as will ‘appear. ~Furthermore,
the upward air currents, present without my in-
vention, may be in the nature of air bubbles which
rise first at one side of the bore of the sheath
and then at another side, or the uprising air may

be otherwise non-uniformly and varyingly dis-

tributed over the cross-section of the bore of the
sheath, thereby causing an irregular distribution
of the insulating material, so that the filling is
not uniformly dense around the resistor 36.

Besides obviating the difficulties and disadvan--

‘tages caused by upwardly moving air currents,
my invention, by eliminating these upward air
currents and causing instead a down-draft within
the sheath, results in further advantages.
‘Flor example, more uniform density and greater

density of the filling is obtained because the

smaller particles tend to be sucked into the voids
between the larger particles. .

Also, ‘assuming that the resistor 36 is in the
form of a helical coil, the inside-of the coil is
caused to fill 1uip more completely and uniformly

due to the down-draft and suction, particles being,

drawn into the inside of the coil through the
adjacent convolutions thereof.

PFurthermore, my method enables the use of
more finely ground insulating material. For ex-
ample, I may use comminuted material of —60
mesh, and this material may include all fines
normally produced by grinding mineral material
of the type useful for electric heater purposes, in-
cluding even the fines of —400 mesh. Fines of

a size smaller than 400 mesh may be removed. "

under some circumstances, but, this is not in gen-
eral essential. More finely ground material may
be used with my vacuum method inasmuch as the
suction and down-draft makes a finely ground
material flow downwardly in the sheath, whereas
such material would not be free flowing in the
absence of the provision of a vacuum. The use
of more finely ground material enables a more
dense filling to be made. - Also, this results in
economies in the use of material, inasmiich as the
relatively finer particles need not be removed
from the ground aggregate, or at least not to as
great an extent as they have been prior to my
method. For example, in the case of ground
fused magnesium -oxide, under prior practice,
the fines below a certain maximum; which are

3

unavoidable in the grinding of the material, must

be more or less removed. In order to make these

removed -fines -available . for use, they must be
reprocessed as-by re-fusion’' and comminution,
to bring the particles to a desired larger size. ®
Also, I am enabled with equal facility to. use
an aggregate comprising smaller maximum size
particles, because the necessity for making avail- *

~ able the too fine material by expensive re-fusing

10
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and re-grinding is not involved, whereas, on the
other hand, particles in the ground material which .
are larger than desired may be easily re-ground.

Furthermore, the provision of my vacuum fill-
ing method incréases the speed with which the
sheath may be filled, while at the same time
enabling a more dense filling to be provided, the
density being enhanced due to the use of finer
materials, - Greater density of the material be-
fore the usual compacting of the heating element,
as by swaging, side pressing, or otherwise work-
ing the sheath; is desirable because; among other
things, there is provided a greater amount and.
weight “of insulating material within a given
space, thereby supplying a better insulating coat
for the resistor with less necessary reduction of
the sectional area of the heating element.

In addition, my vacuum filling method enables.
the mahufacture of a tubular or rod type of heat-
ing element having a greater maximum of re-
sistor -within a given space and also & greater

“ohmic resistance within a given -available space.

Also, with a given cubical and dimensional limita-
tion it enables the use of a resistor made from
resistance wire, for example, one to' two sizes
larger, for a given heating element the resistor
of which is to have a given total resistance, thus
providing & much stronger resistor with a much .
greater area for. a specified wattage rating.

At the beginning of the filling process, the static
vacuum required is not very high, but will increase
as the level of the insulating material accumu-
lated in the 'sheath rises. The amount of air
which is drawn through the plug means 3{ may
readily be regulated in any suitable way so as to
allow, at any static vacuum, as much or more air
to be abstracted downwardly than is displaced by
the incoming comminuted insulating material.

T have found that when the sheath 28 has be-

. come filled, in aceordance with my vacuum meth-

50
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. cessfully used with

65

75

‘thereof rises.

od, so that the insulating material completely
embeds the resistor and a desired portion ‘of the
terminal 61 within the sheath, a very substantial
vacuum still is available at the upper end of the

sheath, with a vacuum of about 10 to 13 pounds

5 in the reservoir, even though the shéath is four.

feet long and only about % of an ‘inch’ inside
diameter, using comminuted insulating material
of 1009% —60 mesh. including 20% 200 ‘mesh.
Accordingly, even finer materials, for example;
such as hereinbefore referred to, may be suc-
this method. The foregoing
figures aiid examples are given to illustrate bet-
ter what may be accomplished and not by way of
limitation. ) b
The -lead tube 4f may he used- very advan- -
tageously without the use of a vacuum at the
lower end of the sheath, but the conjoint use of
the lead tube and a vacuum has even greater ad-’
vantages. -Assuming that a yacuum of desired
amount. is established in'the reservoir- 33, and
tHat. the lead tube 81 isin’its lowermost position,
as insulating material falls down through the
lead tube, the tube may be raised manually as
the insulating material accumulates and-the level
In this case the fins 64 only serve
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nositively to-centrally locate the reSIStor 36 while.
-'nsulatmg -material is accumulatmg Posx-“
ation of the res1stor permits of less- ten- :
sxen on the. resistor and hence leSS extensmn-‘

 thereof.

.Spaeed f

‘I am aware of a long knoWn and used way of

locatm a resmtor Whlch mvolves the use-of a -

ing magterial is mtroduced between the outside of

the tube and the inside of the sheath and due i
. te.the characteristics of tms type of ﬁlhng ar-.:
rangement, and due to the relatlvely coarse com-

minuted material necessary to be used therew1th
to.secure free-flow conditions, con51derable clear-

outside surface of the hehcal resistor, so that the

possibility of jamming of these surfaces is re- |
. duced. Owing to these necessary: clearances con- :

the 1ns1de surface.of: the sheath and’:
the fube being located in the sheath by external :
B cu'cumferentlally spaced fing or pro.}ectlons on the

tube.  In this instanee the comminuted 1nsu1at— i

I tube having an mternal bore as: closely as permis-.: -
sible fitting. the diameter: of the helical resistor -
to be located, this tube having an outside surface j

2 876 840

f51stor 36 is relatwely fmctlonless, and"also in-

of contact is prevented It w111 be noted rnore-
over, that the resistor 36 is restramed agamst lat-
eral movement at a: local long1tud1na1 zone Whlch»

resistor is to. be restrained agamst lateral move-
ment, ‘to restrain it only where the msulatlng

" material is. bu11d1ng up- arou_nd it.

15

20
ance is necessary between the outside ends of the -
| “fins or prejections and the inside surface of the .
sheath, and cons1derable clearance is. necessary :
‘hetween ' the inside surface of the tubé. and the
25

" not only to the outer penphery of the resmt or 36

along its entire length but may enter into. the in-
side.of the- helieal resistor between the convolu- -
tions thereof. Thls is true also at the longltu-_
dinal zone deﬁned by the fins 64, Hence the. com-

~minuted material has the. opportunlty o bu11d up -

efficiently ‘not only outside -of the hehcal res1stor
but inside thereof since the fine partlcles have

- more opporbunity to ‘pass between the convolu-

| siderable lateral displacement of the resistor is-|
. able to take place, which is very: ebJectlonable be- |

' advantages, for the following reasons.
' side surface of the lead tube 81 is spaced a dis-

cause, among otheér reasons, the mi um dis-
tance between the resistor and the she
reduced, and the maximum ~e1ectric,a

heating element is measured. by the e1ectr1ca1

B . value at the minimum point. Furthermore, there
. is' eonsiderable tendency for the resistor coil to
| be at times unduly extended and at.other times

30

may be.
3 alue of a -

85

duly condensed, due to-exeessive friction between :

‘the outside surface of the resistor and - the inside

surface of the lead tube, if not eomplete jamming

1. of these surfaces due to larger partlcles becom-

ing lodged therebetween. .

40

‘A lead tube in accordance with my. mvent1on’ 3
obviates these objections and provides additional -

The in- |
45

tance from the resistor coil 86 which is almost:

the lead tube which may be as little as about. 016
of ‘an-inch or even less. ‘The outside surface of

-as great as the distance from the outer perlphery 1
of the coil to the inside surface of the sheath 28,
! being less only by the thickness. of:the ‘wall of .

50

the lead tube 41 may be made:to fit the:inside

-surfaceof the sheath 28 snugly, frietion between

these surfaces being of much less importance: !

than frictioh between:a lead tube and & resistor,

“ and any friction which may ‘oppose relative move-
ment of the outside surface of the lead- tube: 4l~

and the inside-surface of the sheath 28 may be

55

readily overcome and, also, will not. have any’

objectionable results. Furthermore -with a lead
tube 41 -in- accordance-with my invention, -pro-
vided ‘with fins 64 as hereinbefore: described, the
fins closely .contact cn'cumferentlally spaced out-

ermost surfaces of the convolution of -the re-

sistor, the areas of contact being: very smail.

-I'Thus very little or no lateral movement of the

resistor.35 at the zone of the fins is possible. The
fins arevery thin knife-like members, of a thick-
‘ness, in the illustrdted instance, about the same
'as the thickness of the wall of the lead tube 41,
- or thinner, and the edges of the fins may if de-

- . sired be rounded or sharpened, as-indicated, still

further to reduce the areas of contact so' that
these areas are not much more than points. Ac~

E cordmgly, movement of the fins 64 along the re--

60
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tions to- the 1n51de of the 1es1stor coil, .even - -

end. of the sheath 28 is subJected to a vacuum
In this case-if the ‘space -outside- of the res1stcr«
36 tends to fill up-a little faster than the spaee .
inside of the res1stor, the vacuum causes a eon-: -
centration of the down-draft in the m51de of the
resistor.

If the lead tube 41 is used and ‘more compacs
tion of the comminuted material is-desired than
is obtalnable by merely allowing the material to .
flow into the sheath, or by compactlng it by vibra- -
tion, or by subjecting the lower end of the sheath .
“to a vacuum, or hy both vibration and vacuum,
then under any of these: conditions the lead tube -
may -be manually or mechamcally repeatedly
raised a demred amount and-brought down again
so as to tamp the commmuted ‘material as it ac-
cumulates and the level builds-up, ‘or, in general,
relative reciprocal motion between the lead tube
41 ‘and the sheath  may be created by ‘manually
or mechamcally ‘moving elther ‘the:lead tube 41
or the sheath 28 $0 as to prov1de des1rab1e Vlbra-»

is not essent1a1 Tbe reheved or rounded lOWer
corners 65 of the fins may aid in forcing the.com-
minuted material between the .convolutions inte
the inside of the res1stor aS but that is not
essential. .

With or without- subJectmg the lower end.of the
sheath 28 10 a vacuum, the base 22, and hence
the entire apparatus may be longltudmally ver-
tically reciprocated or v1brated whereby the lead
tube. 41 -will be gradually forced upwardly by the
commmuted material as fast-as comminuted ma- -
ter1a1 finds its: ‘way under the end of the lead tube
41 and the fins.64. .

From the foregomg it will be apparent that
while the -vacuum filling method and lead: tube
herein chsclosed mutually cooperate to produce
new results, the vacuum Afilling method in itself
produces new results and may be used without a
lead tube or with other forms of lead tubes, and
the disclosed lead tube in 1tse1f produces new re-

sults and may be used w1thout the vaeuum ﬁllmg

method, and that the comminnted insulating: ma-
terial may or may not be tamped, and that the
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sheath or apparatus carrying it may or may not
be tapped or vibrated. :

It will be understood that after the ﬁlllng op~-
eration of the heating element has been:com-
pleted and the element has been removed: from
the filling apparatus, the space left by the plug
means 46 may be filled ‘with any desired:suitable
insulating material, and the .same is true with
respect to any space left at the other end:of the
sheath.

It will be apparent that the re51stor 36 may be
made of any desired suitable material,: and. of
any desired suitable form; that the insulating ma-
terial may be granular, comminuted or powdered,

or any form permitting practice of the disclosed 17

process, and that it is desirably refractory and
heat-conducting and may be, or may. include,
for example, silica, or silicates, or magnesium ox-
ide, or aluminum oxide, or.any refractory oxide

or combination of refractory oxides, or any other :

suitable refractory material;, desirably of a min-
eral character; and that the Sheath 28 may be
seamless or seam-welded tubing made of a metal
or metal alloy capable of withstanding temper-

atures of from 1200° F. to 1600° F. or higher or -

of any material capable of withstanding whatever
temperature of operation may be selected. -
From the foregoing it will be apparent to those
skilled in the art that the disclosed embodiment
of my invention provides for new. and-improved
manufacture of electric heaters, and accordingly,
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accomplishes the principal ‘object..of my inven- -

tion.- On the other hand, it also will be ocbvious
to those skilled in the art that the disclosed em-
bodiment of my invention may be variously
changed and modified, or features thereof, singly
or collectively, embodied in other combinations
than those disclosed, without departing from the
spirit. of my invention, -or sacrificing all of :the
advantages - thereof, and that- accordingly, the
disclosure herein. is illustrative only, and my in-
vention is not limited thereto.

Y claim:. T

1. Apparatus for use 1n 1ntroducmg comml-
nuted electrical-insulating material endwise into

a tubular sheath to-embed a resistor disposed in .

said sheath, comprising:: & filler-tube adapted to
slidably fit the inside surface of said sheath; and
2 plurality of longitudinal fins circumferentially
spaced on the inside surface of said filler tube,
said fins extending radially: inward and: being
adapted to slidably to engage peripheral surfaces
of said resistor.

2. Apparatus for use in 1ntroducing commi-
nuted electrical-insulating material endwise into
a tubular sheath to embed'a resistor disposed in
said sheath, comprising: a filler tube adapted to
shdably fit the inside surface of said sheath; and
a plurality of longitudinal fins circumferentially
spaced on the inside surface of said filler tube, said
fins extending radially inward and being adapted
to slidably engage peripheral surfaces of said
resistor in a longitudinal zone of engagement
which is relatively short w1th respect to the
length of said resistor.

3. Apparatus for use in 1ntroducmg commiZ

nuted electrical-insulating material endwise into
a tubular sheath to embed a resistor disposed in
said sheath, comprising: a filler tube adapted. to
slidably fit the inside surface of said sheath; and

a plurality of longitudinal fing circumferentially :

spaced on the inside surface of said filler tube,
said fins extendmg rad1a11y inward and being
adapted. to. shdably engage. ‘peripheral surfaces
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. said sheath, comprising:

5
of said resistor, and the longitudinal ends of said
fins having relieved marginal corners.

4. Apparatus for use in introducing commi-
nuted electrlcal-msulatmg material endwise into
a tubular sheath to embed a resistor disposed in
a filler tube adapted to
slidably fit the inside surface of said sheath; fun-
nel means communicating with said filler tube
and constructed and arranged for feeding com-
minuted insulating material into the upper end
of said filler tube; and bairier means, disposed
within said funnel means above the outlet there-
of, constructed and arrangéd to control the flow
of comminuted insulating material from above
said barrier means into the space above said
outlet, said barrier means comprising a barrier
tube and a member having a central aperture fit-
ing said barrier tube and having a plurality of
circumferentially spaced perforations.

5. Apparatus for use in introducing commi-
nuted electrical-insulating material endwise into
a tubular sheath to embed a resistor disposed in
said sheath, comprising: & filler tube adapted to

slidably fit the inside surface of said ‘sheath;

funnel means communicating substantially air-
tight with said filler tube, said funnel means
having an outlet coaxial with said filler tube,
for feeding comminuted insulating material into
the upper end of said filler tube; means whereby
a lower part of the space within said sheath may
be- subjected to a desired vacuum; means sub-
stantially preventing discharge of ‘said material
while permitting withdrawal of air; and barrier -
means disposed within said funnel means above
the outlet thereof, said barrier means having
passage’ means. for permitting. flow of commi~
nuted insulating material from above said barrier
means into the space above said outlet and being
50 constructed and arranged:that said space is
substantially sea.led except - for .said passage
means.

6. Apparatus for. use in 1ntroduc1ng commi-
nuted electrical-insulating material endwise into
a tubular sheath to embed a resistor disposed in

~ said sheath, comprising: a:filler tube adapted to

slidably fit the inside surface of said ‘sheath;
funnel means communicating with said filler tube,
said funnel means -having an outlet coaxial with
said filler tube, for feeding comminuted insulat-
ing material into the upper end of said filler tube;
perforated ‘barrier- means, disposed ‘within said
funnel means above the outlét thereof, construct-
ed and arranged to control the flow of ‘commi~

. nuted insulating material from above said barrier
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means: into. the ‘space above said outlet; means,
including a rod spaced from the margin of ‘said
outlet and ‘extending freely therethrough, con-
structed and arranged ‘to support said res1stor
and said barrier means having wall means pro-
viding an elongated ‘aperture” coaxial ‘with said
outlet, said rod extending through said aperture,
said barrier means being so constructed and ar-
ranged that said wall means prevents the en-
trance of insulating matenal between said wall
means and-said rod.

7. Apparatus for use in introducing commi-
nuted electrical-insulating material endwise into
a tubular sheath to embed a resistor disposed in
said sheath, comprising: a filler tube adapted to
shdably fit the inside-surface of said sheath
funnel means commumcatmg with said filler tube,
said funnel means having an outlet coaxial with:
said filler tube, for-feeding commmuted insulat~
ing material into the upper end of said filler tube;
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¢ said barrier means.
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-perforated barner means dlsposed w1thm said

funnel means above the outlet thereof; “construet-

“ed and arranged to- eontrol the ﬂow of comml-

‘nuted insulating material from above said barr1er' ! 7
means into- the space above said outlet means, 5
1nclud1ng a rod spaced from the margin of sa1dv .
oittlet and extending - freely therethrough con

structed and. arranged ‘to ~support said res1stor, .

- and said barrier means including tubular means

coaxial with. said outlet said "‘rod: extendmg”10
through said tubular means ;

8. Apparatus for iise ‘in mtroducmg commis- -
'nuted electrrcal-msulatmg matérial endw1se into
a titbular sheéath to embed 4, resistor drsposed in
said sheath, comprising: 4. filler tube adapted to 15
slidably " fit’ ‘the inside stitface. of said sheath;
funnel rieans commumcatmg substantrally air-
tight w1th §aid filler tube; said nnel means hav-
ing, an “outlet coaxial with said filler tube, for
commmuted insulating material 1nto the 20
upper nq of said filler tube ‘means. whereby a

be su Jected to 2 des1red vacuum, ‘means. sub-
stantially preventmg discharge of said mater1a1
while- perm1tt1ng withdrawal, of ‘air; perforated 25
barrier means, drsposed within said funnel means

latrng' rnater1al from above said barr1er means
mto the,space above: sald outlet means, mclud-

v

] 'extendmg freely therethrough constructed,
and arranged to support: said resistor; dnd said

: barrler means having wall means providing - an 5

elongated aperture coaxial with said outlet, said

. rod extending through'said aperture, said barrier

means being so constructed and arranged that
said wall means prevents the entrance of insu-
Jating material between said wall means and said 40
rod, and substantially prevents the entrancé of
air. from atmosphere through-the “space between
-said wall means and said rod mto the space below

.9. /Apparatus’ for use .in: mtroducmg com- 45

mmuted .electrical-insulating material endwise

into a tubular sheath to:embeéd & resistor disposed
in said sheath, comprising: means connectable to

1 the.ends of - said -resistor, ‘constructed ‘and. ar-

ranged’ to: position said resistor spaced from.-the 50
Inside surface.of said sheath; mesns for intro-
ducing comminuted electrical-insulating material:
into. the upper end of said sheath; and means
whereby a-lower part of the. space Within said’
sheath may be subjected to a desired vacuum, 55

" comprising, a vacuum. reservoir receptacle hay-

ing an aperture, plug means. having.an:.end
adapted to fit in, said aperture, the other-end: of N

said plug means, berng adapted to fit in the lower: -
end“of said sheath, said plug.means having ‘air hgq
passag extendmg between the ends thereof and .

- inchiding means for substantially preventing pas- !

sage of material While permlttm'g passage of air, ..
and meéatis whereby said receptacle may be con-
nected -to nieans for exhaustlng air from said g5
receptacle. :
10. 'The method of producing a tubular electric -
heatmg element, whlch comprrses ‘arranging a |
tubular sheath- inan approxrmately Vertical posi- -
tion; ‘disposing 2 helical resistor- longitudinally in -
satdsheath into position spaced transversely from .
the ‘inside surface of said sheath -progressively : .
introducing commmuted electr1ca1-1nsu1atmg
matetial into the upper end 0f“§51d sheath while

; subJectmg 3 lower ‘part of ‘thie §pace within said |75

530 .
- nuted eiectncal—msulatmg material endwise into -
a tubular sheath to embed g, ‘tesistor ‘disposed. in-

- means in operative: position; means car:
said plug means for fastening said terminal to
said Plug means; and means connected 1o the:

‘sheath 16 ‘a desired vacuuth; thus to rémove the
air from among the particles of the: material -
-within :the ‘sheath;
"-egressof said material while perm1tt1ng such

substainitially - préventing

withdrawal of the air; and erigaging said helieal

resistor; at circumferentizlly spaced’ points only,

to restrain Said resistor against lateral movenient

. at least at approximately the.level of the 1nsulat—

ing material accumulated in said sheath.
11. Apparatus for use in introducing ‘commi=

_ nuted electrical-insulatihg material endwise into =
- & tubular sheath to embed o resistor: disposed:in.

said <'sheath, -comprising: supportmg means;

means, carried by said ‘Supportinig means, con- -

structed and arranged to hold said shéath in an
approximately vertical position; mieans conneet-

able to-the ends of said resistor ahd carried by

said supportmg ‘means, constructed and arranged
to" position said resistor spaced frotii the inside
surface of said sheath; meahs for introducing
comminuted electrical-insulating raterial into
the upper-end of said shéath; means substantially
preventing discharge of said ‘material; said ma-
terial introducing means comprising a filler tube
insertable in said sheath and freely movable up

- and down tHerein, and funnel means communi- ,
~ cating with said filler tube and constructed and
arranged for feedmg comminuted insulating ma.-

terial into the: upper end of said filler tube
12, Apparatus for use in introducing ecommi-

said ‘sheath, comprising: first means for slidably
engaging the inside stirfacé of said sheath so as
to be positioned Within said sheath by said inside
surface; ‘second means positionied by and below
said fitst mearns and having g portion for slidably
engaging ang: p051t1vely positioning said resistor

. with respect t6 'said ingide sutface at the zone of

engagement; s&id first means being so constrict~
ed and arranged that aceess of said insylating ma-
terial to said resistor above the zohe of engage~

- ment of said portion is permitted; means where- '
by a lower part of the space w1th1n said sheath:

may be subjected to-a désired vacuum; and means

- substantially. preventing '‘discharge of sa1d ma-
terial while pérmitting withdrawal of air. :

13. Apparatus. for use in ‘introducing commi-
nuted electrical:insulating material endwise’ into

a tubular metallic sheath to .embed a resistor dis-. -
posed in said-sheath and having a terminal at its -

lower end; comprising: filler means for introduc-

ing comminuted electrical-insulating material in<
to.the upper end of theshesth; plug means adapt-

ed. t0-be inserted endwise-into: the lower end of
the sheath a desired distance, having an aperture
for receiving said terminal of ‘said -resistor, and
having air passage means €xtending through said

plug means from one end thereof to the other;.

means to support said filler means and sai plug
by,

outer end of said plug meéans whereby a1r is drawn

from said shedth through said passage means and.

drscharged therefrom

ﬂller ‘tube -separate f 't

~said “posrtloning means"'
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and constructed and sarranged ‘to be disposed

about and so spaced from said resistor and from

said elongated member as to provide for longi-

tudinal movement of said filler tube relative to
said resistor and said elongated member, said
filler tube being constructed and arranged to slid-
ably fit the inside surface of said sheath; funnel
means having an outlet communicating with said
filler tube and constructed and arranged for feed-
ing comminuted insulating material into the up-

per end of said filler tube; perforated barrier’

means disposed within said funnel means above
the outlet thereof and constructed and arranged
to control the flow of comminuted insulating ma-
terial from above said barrier means into the
space above said outlet; and means to support
said positioning means, said filler tube, said fun-
nel means, and said barrier means, in operative
position. )

15. Apparatus for use in -introducing com-
minuted electrical-insulating material endwise in-

10*
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to-a tubular metallic sheath to embed a resistor
disposed in said sheath and having an upper ter-
minal, comprising: positioning- means, including
an elongated member connectable to the upper

‘terminal of said resistor, constructed and ar- -

ranged to position said resistor spaced from the
inside surface of said sheath; & filler tube sepa-
rate from said positioning means and constructed
and arranged to be disposed about and so spaced
from said resistor and from said elongated mem-
ber as to provide for longitudinal movement of

- said filler tube relative to said resistor and said

elongated member, said filler tube being construct-
ed and arranged to slidably fit the inside surface
of said sheath; funnel means communicating with
said filler tube and constructed and. arranged
for feeding comminuted insulating material into
the upper end of said filler tube; and means to
support said positioning means, said filler tube,-
and said funnel means,'in operative position,
EDWIN L. WIEGAND.




