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This invention relates to
tubes.

In the manufacture of heaters for vacuum
tubes, it has been known to wind the heater wire
in the form of a coil around g heavier mandrel
wire, the latter being first coated with insulation
to avoid short-circuiting the heater turns. Difi-
culties have been experienced with such heaters,
these commonly being burnouts of the heater dur-
ing exhausting and aging of the tubes.

While we do not wish to be bound to our theory
as to the probable causes of these burnouts, it was
concluded that they may be due to the develop-
ment of pressure between the heater and mandrel
due te differences in expansion of the heater and
mandrel respectively, and/or due to the migration
during processing and operation of the tube, of
metal into the body of insulator between the
heater and mandrel rod to an extent sufficient to
cause the formation of g conductive path between
the heater winding and the mandrel core. ‘'This
would in effect short cireuit g portion of the
heater and overheat the remainder., It was con-
sidered that these difficuliies could be reduced if
some way could ke found to wind the heater on
the mandrel so as to leave at least sonie open
space between the mandrel and the heater wire.

By following the method hereinafter described,
applicants found it possible to produce a mandrel-
supported heater with a space between the man-
drel and heater wires.

It is an object of this invention to provide g
mandrel-supported heater which is less subject
to burnouts than the conventional mandrel-sup-
ported heaters. :

It is a further object of thig invention to pro-~
vide a mandrel-supported heater with a space be-~
tween the mandrel and the heater.

It is a further object of this invention to pro-
vide a method for producing such a mandrel-sup-
ported heater.

Still other objects and advantages of our in-
vention will be apparent from the following speci-
fication.

The features of novelty which we kelieve to be
characteristic of our invention are set forth with
particularity in the appended claims. Our inven-
tion itself, however, both as to its fundamental
principles and as to its particular embodiments

heaters for vacuum

will best be understood by reference to the speci- .

fication and accompanying drawing in which

Figure 1 is a view of a vacuum tube with a
heater according to our invention, parts of the
tube being broken away in the drawing for sim-
plicity,
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Figure 2 is a perspective view of an insulatad
mandrel -at one stage of the practice of our in-
venition,

Figure 3 is a greatly enlarged lonzitudinal sec-
tion of a portion of the arrangement of Figure 2
after it has been coated accordinz to our inven-
tion and the heater wire wound in pozition.

Figure 4 is & similar view after part of the coat-
ing has bsen removed in accordance with our
invention, and

Figure 5 is a similar view of the heater anl
mandrel affer completicn and

Figure 6 is a completed heater.

Referring now more particularly to Figure 1,

§ represents the mandrel supported heater as
ireguently used in a vacuum tube, tha heater
being supported within a hollow, tubular cathede
ii{ mounted in a ceniral apsrture in mieca sup-
porting discs {2 angd 3. Tha ends of the heater

; wire are connected to leads {8 which pass out

through the base of the tubs. The electrode as-
sembly or mount is positionad in envelope 5. Ths
cathede 1| is surrounded by a suitable arrange-
ment of grids and an ancde which are here nst
specifically identified since they form no part of
the present invention.

The connections from ths ends of the heater
wire may go directly to the lead-in wires {4 or
the upper end of the heater wire may b2 con-
nected to the mandrel and it is used for one con-
nection, the other being made to the other end of
the heater wire, Such construction is described
in more detail in a Wheeler application Serial
Number 50,546 filed September 24, 1848, and as-

. signed to the assignee of the present application.

Referring now more particularly to Figures 2
to 8, the mandrel wire 1§ is first coated with a
suitable insulating agent {7, such as aluminum
oxide and sintered to fix it into a hard coat. Be-
cause such insulated mandrels are commonly
available and because in the practice of our in-
vention we start with conventional insulated
mandrels, the same are not desecribed in detail.

In accordance with our invention, we apply a
special coating {Ta to the insulated mandrel.
This coating consists of an intimate mixture,
emulsicn or solution of two different substances
having different solubility characteristics uni-
formly dispersed in s liquid carrier vehicle. As
an example, we may use a mixture of cellulose
acetate and methyl methacrylate (commonly
called “Lucite”) in acetone. The mandrel is
coated with this and allowed to dry and the heater
wire wound about it. This is the state of the
heater shown in Figure 2. While we do not wish
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0 be bound by any theory, we believe this forms
a coating with fine particles of cellulose acetate
and “Tucite” intimately mixed in the manner
shown in Figure 3 in which 18 represents finely
divided particles of cellulose acetate, and {9 sim-
ilar particles of “Lucite.”

After the heater has been wound and tabbed
with suitable connection pieces the assembly is
placed in benzene for several hours. Because
“Tueite” is soluble in benzene and cellulose ace-
tate is not, a selective dissolving action occurs
removing the “Lucite’” particles and leaving the
cellulose acetate particles. Microscopic examina-
tion of the assembly at this point shows the coat-
ing to be in the form of mounds of adherent
particles such as shown in Figure 4, with the
heater wire resting on the peaks of these mounds
thereby preventing the shifting of the wire and
maintaining control of turn spacing.

The assembly is then coated with its final in-
sulation which tends to fill in the spaces left
by the removal of the “Lucite” particles. It is
then fred which burns out the czllulose acetaie as
well as sintering the final insulation into 2 dense
unitary coating., The celiulose acetate, heing
slow hurning, does not cause the insulation to
chip as fast burning material would. The burn-
ing out of the cellulose acetate leaves voids 18/
where the scetate particles were, as indicated in
Wigure 5, but the turns of the wire are prevented
from axial shifting by the oufer insulating coat-
ing which extends inwardly hotween the wire

arns into the valleys betwesn the mounds and
to some exbent, into the voids left by digsolving
out the “Lucite.”

The layer of insulation between wire £% and
mandrel 17 in its final state may be characterize
s heing spongy, that is, as an open porous hody
with substantial voids and cavities therein.

The resuld of this iIs a mandrsl-supported
negter in which the heabsr furns are held in
their proper space relation while at the sarne time
there is sufficient spacing between the heater
turns and the mandrel to prevent the develop-
ment of pressure between them due to fferences
in expansion of the mandrel and hester coil. The
general appearance of a completed heater is as
indicated in Figure 6, cne end of the heater wire
being internally connected to mandrsl wire 18
ang the other to tab 25 whereby both heater con-
nections may be made at the same end of the
assembly. However cur inventicn Is not linited
to the particular physical arrangement shown.

WWhile we have given as an example the use of
5 coating of cellulose acetate and “Lucile” in
acetone, it will be clear that we are not limited
thereto, but may use other plastics provided they
have different solubility characteristics sc that
ohe may be dissolved out by selective action, leav-
ing the other.

While we have shown and described certain
preferred embodiments of our invention, it will
be apparent that modifications and changes may
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be made without departing from the spirit and
scope of our invention as will be clear to those
skilled in the art.

What we claim is:

1. A new article of manufacture, comprising a
mandrel-supported heater having a core, a
coating of insulation thereon, a heater surround-~
ing said mandrel and having substantially open
space between said heater and said coating of
insulation and a coating of refractory insulation
surrounding said heater.

9. A new article of manufacture comprising a
mandrel-supported heater having a core, a coat-
ing of insulation thereon, a heater wound around
enid coating and spaced radially from said coat~
ing and a coating of insulation surrounding said
heater and projecting inwardly between the turns
thereof.

3. A new article of manufacture comprising a
vacuum tube having & heater element including
s insulated mandrel, a heater wound helically
around said mandrel in spaced relation thereto
and a coating of refractory insulation surround-
ing said heater and projecting inwardly between
the turns thereof.

4 A new article of manufacture comprising a
mandrel-supported heater having a wire core, a
coating of insulation thereon, a heater coiled
around said mandrel and spaced therefrom, an
outer coating of insulajion surrcunding gaid
heater, the space hetween said mandrel and said
nester containing a substantial amount of cpen
space.

5. A heater for electron discharge devices in-
sluding o refractory insulating core, 2 helical
nester surrcunding said core in spaced relation
with respeet to said core and 2 coating of re-
fraciory insulabion surrcunding said heater wind-
ing and projecting inwardly hetween the turns
thereof.

8. A heater for electron discharge devices in-
cluding a refractory insulating ocore, & heater
helicslly wound in a spaced away relati
with said core and a coaiing of refractory insula-
tion surrounding said heater winding and pro-
jecting inwardly betwsen the turns thereof and
resting against said refractory insulating core.

v & heater for electron discharge devices in-
cluding an inner refractory core, & spengy coal-
ing of refractory material over said core, a heater
wire wound helically around said porcus coating
and an outer coabing of refractory insulation sur-
rounding said heater.

References Cited in the file of this patent
UNITED STATES PATENTS

Numbey Name Date
1,975,870 Schrader o __ Oct. &, 1934
1,980,675 Fredenburgh . ____ Mov. 13, 1934
2,131,909 Umbreit oo Oct. 4, 1938
2,434,511 Osterman eb al. Jan. 18, 1948
2,455,355 Combs, B. E. _______ Dec. 7, 1948




