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This invention relates to apparatus for manufacturing
sheatlied wire heating units, and- more particularly to
apparatus of this character especially suited to the manu-
facture of heating units having a tubular sheath of rela-
tively small diameter as compared with the diameter of
the resistance element supported therein, :

Electric heating units of the type to which this inven-
tion pertains comprise a resistance element encased with-
in a tubular sheath, the resistance element being im-
bedded in and held in spaced relation with the sheath
by means of electrically insulating heat refractory and
conducting material such as powdered magnesium oxide.
One electric heating unit of this type is disclosed in
US. Patent No. 1,367,341 to C. C. Abbott, granted
February 1, 1921,

Heating units of the type described-in the foregoing

paragraph are, in. current practice, commonly manufac- -
tured by means of apparatus of the general type disclosed -

in.U.S. Patent No. 2,032,957 to A, H. Simmons, granted
March 3, 1936, Such apparatus includes means for hold-
ing the sheath in.a substantially upright posifion, means
for.holding the terminals of the resistance element in
proper. relation to the sheath, ie., suspended along the
vertical center lins of the sheath, and means for feeding
to the upper end of the sheath powdered magnesium
oxids. at a regulated rate. In order to maintain the re-
sistance element in centered relation with .respect to the
sheath, an elongated tube larger than the resistance ele-
ment. but smaller than the inner diamefer of the sheath
is lowered into the sheath at the beginning of the filling
operation .and is then progressively withdrawn as the level
of the insulating material rises within the sheath. Also,
in order to compact the insulating material a reciprocat-
ing vibrating device is associated with the exterior sur-
face of the sheath so as to continuously tap the unit as
the loading operation proceeds. _
While manufacturing apparatus of the type disclosed in
the ' Simmons patent has proved to be highly useful,
such apparatus is not completely satisfactory for the
manufacture of sheathed heating wunits in ~which the
sheath is of relatively small diameter as compared with
the diameter of the resistance element supported there-
in. Particularly in recent years sheathed heating umits
of progressively smaller diameters have. proved to be
highly useful, and the demand for such small diameter
heating units is increasing. At the time the Simmons
patent was granted, heating units having a tubular sheath
of an cutside diameter of 0.315 inches were. being pro-
duced; at the present time large quantities. of heating
units having a sheath diameter of 0.238 inches are being
manufactured, and it appears that a substantial demand
may exist in. the future,for, heating units having a sheath
diameter as small as 0.150 inches. Blectric heating units
of.such small diameters must be manufactured in such a
way that the. resistance element is almost perfectly
centered within the.sheath. because if: this relation is. not
maintained it is apparent that the resistance element will
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not be insulated from the sheath and that a short cir-
cuit may result, '

Accordingly, an important object of the present in-
vention is to provide a method and apparatus for load-
ing sheathed wire heating units capable of producing heat-
ing units of substantially smaller sheath diameter than
can be produced with the methods and apparatus now
known to the art. ’

Another object of this invention is to provide a method
and apparatus for loading sheathed -wire heating units in
which centering tubes and similar devices adapted to be
lowered within the sheath may be completely eliminated.

Another object of this invention is to provide a method
and. apparatus for loading sheathed wire heating units in
which the resistance element of the heating unit may be
centered  within the heating unit sheath solely by means

- of repetitive vibratory forces applied to the external sur-
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faces of the sheath.

Further objects and advantages of this invention will.
become apparent as the following description proceeds,
and the features of novelty which characterize the inven-
tion will be pointed out with particularity in the clajms
annexed to and forming a part of this specification.

Briefly stated, in accordance with one aspect of this
invention I provide means for supporting a tubular heat-
ing unit sheath for limited transverse movement, means
for supplying powdered insulating material to the sheath
at a predetermined rate, and vibratory means for apply-
ing a repetitive circumferentially moving radial force to
the sheath at a non-harmonic. frequency  of vibration,
preferably greater than the natural frequency of the
sheath, so as to maintain the resistance wire within the
sheath in a centered position with respect’ to the inner
wall of the sheath and also to compact the insulating ma-
terial as it is supplied to the sheath. The essential- steps
of the method of my invention include the mounting
of a tubular sheath so that it is free to move to a limited
extent transverse to its axis along the portion thereof in-
termediate its ends, and the application of a repetitive
circumferentially moving radial force to the.sheath at
a non-harmonic frequency of vibration preferably greater
than. the natural frequency of the sheath, as the dispens-
ing of the powdered insulating material to the sheath pro-
ceeds.

For a better understanding of this invention reference
may be made.to the following description and the ac-
companying drawing in which:

Fig. 1 is a front elevation view of apparatus embody-
ing my invention.

Fig. 2 is a sectional view taken along the line 22 in
Fig. 1.

Fig. 3 is a sectional view taken along the line 3—3
in Fig. 2. : :

Fig. 4 is an enlarged fragmentary view of a portion
of the apparatus as shown in Fig. 2. -

Referring to the. drawing, the numera] 1 designates a
vertically disposed frame member upon which. the various
components of my invention may be mounted. A fixed
supporting bracket 2 ig secured, by means of bolts 3
and 4 for example, to the lower end of frame member
1 so0 as to provide a fixed support for the lower end
of a tubular sheath 5 to be loaded in the apparatus. An
intermediate bracket 6 is also mounted on frame 1, it
being cbserved that. this bracket is supported by means
of bolts 7 and 8 which extend through vertical slots or
guides 9 and 18 in frame 1 so that the position of bracket
6 may be adjusted vertically. along the length of the
frame member. Bracket 6 includes a shelf portion 11
provided with an opening 12 therein of somewhat larger
diameter than the diameter of.sheath. 5, so that the sheath
is permitted limited transverse movement along the inter-
mediate portion of its length, Co e :
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Also mounted on base member 1 is an upper bracket
13 which is mounted for vertically adjustable movement
by means of bolts 14 and 15 extending through vertical
slots @ and 16 respectively. Bracket 13 also includes
a shelf portion 16 provided with an opening 17 through
which sheath 5 extends when mounted in position for
loading. Opening 17 is slightly larger in diameter than
the diameter of sheath 5, so that the upper end of the
sheath is free for very limited transverse movement
during loading operations.

It will be understood that brackets % and 13 are
adjustably mounted on frame member 1 so as to permit
the loading of sheaths of various lengths, it being also
understood that sheath 13 is clamped at a height such
that the upper end of sheath 5 extends through opening
17 in shelf portion 16, and that bracket 6 will ordinarily
be vertically located so that shelf portion 1% is posi-
tioned at approximately the mid-portion of sheath §.

Shelf 11 is adapted to carry a vibratory device gener-
ally designated by the numeral 18, this device being sup-
ported on the shelf for limited movement transverse to
the axis of sheath 5 by means of a stud 19 extending
through a hole 20 in device 18 and a hole 21 in the shelf
at least one of which is somewhat larger than the shank
of stud 18.

Vibratory device 18 includes 2 housing arranged
to surround sheath 5 to as to provide an annular cham-
ber 22 encircling the sheath. Amnnular chamber 22 is
formed by the top and bottom walls of vibratory device
8 and by concentric cylindrical walls 23 and 24, the
latter wall having an inner diameter which is preferably
larger than the outer diameter of sheath § but smaller
than the diameter of opening 12 in shelf 11. Housed
within annular chamber 22 is a rotatable member, such
as a metal ball 25, which is arranged to rotate within
annular chamber 22 at relatively high speeds. The mass
of ball 25 relative to the masses of the housing of vi-
brator 18 and the sheath 5 is sufficiently high to effect
some transverse movement of the sheath when the ball
rotates at speeds approaching or higher than that cor-
responding to the natural frequency of the sheath. Force
for rotating ball 25 around its orbit within the annular
chamber may be supplied by a jet of compressed air
delivered through a flexible hose 26 connected at one
end to a supply of compressed air (not shown) and at
the other end to an orifice 27 in side wall 23 of the
annular chamber. It will be noted that orifice 27 is
aligned so as to direct a stream of air substantially
tangentially with respect to the path of travel of ball 25
so that when air is delivered to the chamber the ball
may be caused to rotate within the chamber at high
speed. An exit aperture 28 is provided in side wall 23,
this aperture being arranged so that exhausted air from
the annular chamber does not interfere with rotary move-
ment of ball member 25. From the description thus
far it will be evident that when compressed air is sup-
plied to vibratory device 18, the resulting high speed
rotary movement of ball 25 (which may be varied by
varying the pressure of air supplied to chamber 22) will
cause the device to move in an eccentric pattern so as' to
impart a repetitive circumferentially moving radial force
to sheath 5. :

In order to provide a regulated supply of powdered
insulating material to sheath 5, a hopper 28 is secured
to bracket 13 so as to be capable of dispensing powdered
insulating material to the upper end of sheath 5. Hop-
per 28 is provided with a nozzle 2% which is positioned
so as to deliver insulating material to a filler cup 3¢
which rests on shelf 16 and may be removably secured
to the upper end of sheath 5 by means of a set screw
31, for example. It will be understood that other suit-
able dispensing means, such as the arrangement disclosed
in the aforementioned Simmons patent, may be utilized
to regulate the flow of insulating material into the sheath.
Filler cup 39 may be utilized as a means for centering
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4
sheath 5 within aperture 17
secured at one end to bracket 13 and at the other end
to cup 30 being provided for this purpose. In the present
embodiment, powdered insulating material enters sheath
5 through one or more apertures 33 drilled in the end
portion of the sheath (this portion of the sheath is cut
off at a later stage of the manufacturing process). In
loading sheaths of relatively small diameter as compared
with the diameter of resistance element therein, it has
been found that utilization of holes in the sheath for
this purpose is more desirable than an arrangement in
which at least a portion of the upper end of the sheath
is maintained open so as to receive the insulating mate-
rial. However, the illustrated embodiment of my in-
vention is by way of illustration and example only, and
any suitable arrangement for introducing powdered in-
sulating material into the upper end of the sheath may
be utilized.

Before describing the operation of my invention, the
structure of the electric heating unit of which tubular
sheath 5 is a part will be briefly described. Located
within sheath 5 and positioned generally along the center
line thereof is a resistance element 34 which in the
present embodiment is illustrated as being in the form
of a helix,. However it will be understood that resistance
elements having other shapes, including in particular a
straight wire resistance element, may be utilized in heat-
ing units loaded with the apparatus of the present in-
vention. The ends of resistance element 34 are fixedly
secured to terminals 35 and 36 respectively, it being
understood that the parts are electrically connected as
well as mechanically secured together. Terminal 36
is secured to the lower end of sheath 5 by means of a
collar 37 the periphery of which is secured to the sheath
by means of crimping or otherwise forming the sheath
so as to hold the parts in the relationship shown. For
the purposz of holding resistance element 34 in centered
position during the loading operation, upper terminal
35 is centered and secured to the upper end of sheath
5 by means of a plug 38 provided with a set screw 39
arranged to bear against a portion of the terminal ex-
tending through an aperture in the plug. It will be
understood that after sheath 5 is loaded with powdered
insulating material, such as magnesium oxide designated
by the numeral 40, assembly of the heating unit is com-
pleted by cutting off the portion of the upper end
of sheath 5 at a point immediately below opening 33
and sealing both ends of the heating unit by means well
known in the art.

The mode of operation of my invention, with par-
ticular reference to the apparatus illustrated in the draw-
ing by way of example, will now be described. First,
of course, resistance element 34 is assembled within
sheath 5 as described above and illustrated in Fig. 2,
and the lower end of the sheath is then placed in bracket
2 with the upper portion thereof extending through
openings 12 and 17 in brackets 6 and 13 respectively.

After the parts have been mounted in the position il-
{ustrated, the flow of powdered insulating material from
hopper 28 to filler cup 38 is begun, and at the same time
compressed air is supplied through flexible hose 26 to
vibratory device 18, thus initiating rotary movement of
ball 25 in apnular chamber 22. Rotation of ball 25
causes vibratory device 18 to move in an eccentric pat-
tern around the sheath, it being evident that the line of
contact between wall 24 of vibrator 18 and the surface
of the sheath constantly moves around the circumference
of the sheath, and inwardly directed radial force is applied
along that line. So long as the frequency of vibration of
the vibratory device 18 (which is a function of the rotary
speed of the rotating member therein) is appreciably
greater than the natural frequency of the sheath, but is
not a harmonic frequency thereof, the resistance element
within the sheath is maintained substantially in the center
thereof, and at the same time the resulting continuously

of shelf 16, a spring 32
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fotating radial forces provide the wvibration needed to com-
pact the insulating material. It will be understood ‘that
.as- used in this specification the “natural frequency” of
the sheath is its natural frequency of vibration in direc-
tions transverse to the axis of the sheath when: it is sup-
ported at both ends. It will also be understood that the
frequency of vibration of vibratory  device 18 should
not equal a harmonic frequency of the natural frequency
of the sheath, since excessive transverse movement of
the sheath would occur under these conditions.

By way of example, a vibratory frequency of the order
of 100 cycles per second has been found to be suitable
for making heating units ranging in outer diameter from
approximately 0.150 inch to 0.300 inch and in length from
four to six feet. Frequencies of this order of magnitude,
which in the apparatus illustrated in the drawing are
produced by rotation of ball 25 at a speed of the order
of 6,000 revolutions per minute, are advantageous in that
they are substantially above the natural frequencies of
the sheaths of the aforementioned heating units, and are
in the range in which the harmonic frequencies are rela-
tively far apart, thus minimizing the need for precise regu-
lation of vibration frequency.

It is believed that the constantly rotating impact force
applied to the sheath is transmitted from the inner sur-
face of the sheath to the resistance wire either directly or,
as the insulating material level rises, through the insulat-
ing material itself, the result being that the resistance ele-
ment is forced to the center of the sheath by the result-
ant of the forces acting on it. The centering action in-
duced by the repetitive circumferentially moving radial
forces generated by vibratory device 18 extends to the por-
tions of the resistance element adjacent the ends of the
sheath as well as the mid-portion of the sheath, In this
connection, it will be evident that relatively greater center-
ing action is required at the mid-portion of the resistance
element than near the ends which are held in position by
terminals 35 and 36.

It will of course be understood that the method of my
invention may be practiced with apparatus of various
types, and is not limited to the particular apparatus de-
scribed above. The essential step of my method is the
application of a repetitive circumferentially moving radial
force to an intermediate position of the sheath at a non-
harmonic. frequency of vibration greater than the natural
frequency of the sheath, and in practicing my method any
suitable means for applying such a force may be utilized.

While I have shown and described particular embodi-
ments of the method and apparatus of my invention, I do
not desire the invention to be limited to the particular
construction and method steps disclosed, and I intend by
the appended claims to cover all modifications within
the true spirit and scope of my invention.

What I claim is:

1. Apparatus for loading sheathed wire heating units
of the type having a resistance wire embedded in pow-
dered insulating material within a tubular sheath com-
prising: means for supporting said sheath at one end
thereof, means for supplying said insulating material to
said sheath at a predetermined rate, and vibratory means
for applying a repetitive circumferentially moving radial
force to a portion of said sheath spaced from said one
end at a non-harmonic frequency of vibration greater than
the natural frequency of said sheath, said vibratory means
including a housing having an annular chamber encircling
said sheath, a rotatable member movable in said chamber,
and means for rotating said member in said chamber so
as to impart said moving radial force to said sheath, where-
by said resistance wire is maintained in a centered posi-
tion with respect to the inner wall of said sheath and
said insulating material is compacted therein.

2. Apparatus for loading sheathed wire heating units of
the type having a resistance wire embedded in powdered
insulating material within a tubular sheath comprising:

10

15

20

6

means for . stipporting. said sheath at one end thereof,
means for supplying said insulating material: to- said
sheath at a predetermined rate, shelf means fixedly se-
cured with respect to said supporting means and located
intermediate the ends of said sheath, said shelf means hav-
ing an opening larger than said sheath through which the
latter extends when supported by said supporting means,
a housing adapted to surround said sheath movably sup-
ported on said shelf means, said housing having an an-
nular chamber encircling said sheath, a rotatable member
movable in said chamber, and means for rotating said
member in said chamber so as to impart a repetitive cir-
cumferentially moving radial force to said sheath at a non-
harmonic frequency of vibration greater than the natural
frequency of said sheath.

3. Apparatus for loading sheathed wire heating units
of the type having a resistance wire embedded in pow-
dered insulating material within a tubular sheath compris-
ing: frame structure for supporting said sheath in an up-
right position including means for securing the lower
end of the sheath in fixed relation thereto, a first bracket
mounted on said frame structure adjacent the upper end
of said sheath, said first bracket including a first horizon-

- tal shelf portion having an opening therein sufficiently
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large to accommodate said sheath and permit limited
movement of the upper end thereof, a filler cup adapted
to rest on said first shelf portion and to be clamped to
the upper end of said sheath, a hopper supported above
said cup and adapted to supply powdered insulating ma-
terial thereto at a regulated rate, a second bracket mount-
ed on said frame structure adjacent the mid-portion of said
sheath, said second bracket including a second horizontal
shelf portion having an opening therein sufficiently large
to accommodate said sheath and permit limited movement
of the midportion thereof, and a vibratory device sup-
ported on said second shelf portion for limited movement
transverse to the axis of said sheath, said vibratory de-
vice including means for applying a repetitive circum-
ferentially moving radial force to said sheath at 2 non-
harmonic frequency of vibration greater than the natural
frequency of said sheath, whereby said resistance wire is
maintained in a centered position with respect to the inner
wall of said sheath and said insulating material is com-
pacted therein,

4. Apparatus for loading sheathed wire heating units
of the type having a resistance wire embedded in pow-
dered insulating material within a tubular sheath compris-
ing: frame structure for suppoiting said sheath in an
upright position including means for securing the lower
end of the sheath in fixed relation thereto, a first bracket
mounted on said frame structure adjacent the upper end
of said sheath, said first bracket including a first horizon-
tal shelf ‘portion having an opening therein sufficiently
large to accommodate said sheath and permit limited
movement of the upper end thereof, a filler cup adapted to
rest on said first shelf portion and to be clamped to the
upper end of said sheath, a hopper supported above said
cup and adapted to supply powdered insulating material
thereto at a regulated rate, a second bracket mounted on
said frame structure adjacent the mid-portion of said
sheath, said second bracket including a second horizontal
shelf portion having an opening therein sufficiently large
to accommodate said sheath and permit limited movement
of the mid-portion thereof, and a vibratory device sup-
ported on said second shelf portion for limited movement
transverse to the axis of said sheath, said vibratory de-
vice including an annular chamber encircling said sheath,
a rotatable member in said chamber, said vibratory de-
vice having an orifice therein for directing compressed
air into said chamber tangentially with respect to the cir-
‘cular path of movement of said rotatable member, where-
by said rotatable member may be rotated in said chamber
at a speed sufficiently high to cause said vibratory device
to impart a repetitive circumferentially moving radia]
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